Method for Producing Chip Stacks as well as a Carrier for Executing the Method Specification This
invention relates to a method for producing chip stacks as claimed in Claim 1 or 13 and a carrier as
claimed in Claim 14. Due to the continuing miniaturization of structures which are present on
semiconductor chips and due to existing cost pressure in mass production of semiconductor chips new
methods and architectures are required to interconnect the semiconductor chips with their structures
which are becoming smaller and smaller to corresponding structures on circuit boards or to adjacent
chips. Here mainly the size difference of structures and connecting lines on the chip compared to
conventional structures on cirggéthepiareansdiisienp Meticakpmpkiem. The structures of the circuit
boards are also being further miniaturized and refined in order to keep up with progress in chip
manufacture. Due to the existing coStpiesturEitetnisthoMederd demand for use of more favorable
circuit boards with bonding structures which have a less fine structure compared to the chip structures.
This is because different types of chips, especially chips with different degrees of miniaturization, must
be applied to the circuit boards so that in the production of the circuit boards as a result of further
miniaturization of the bonding structures eco%@ﬁ%éﬁlﬁ?oduction would no longer be possible. Chips
with a high connection density would determine the choice of circuit board material and the production
process for the circuit boards. Another technical problem is that the circuit hoards of conventional
design have th%lrgal expansi n which i%v rfgrdilff%rent fr%m Stagg of s?mic nd&&tl% O@tﬁrials such as

o IRVENTION felates 1o & DGUCINg C 5 as ciaimed 1 ) .
silicon and germanium. % preventatﬁle &‘? eérence ml%ﬁer al'expansion ef]weent € circuit board and

the semi%]g%%l%[, Q@Eﬁ&{gﬁf{g@ﬁgqmg to fatigue fracture, in many cases also certain minimum

dimensions of the connecting structures (often implemented with so-called bumps consisting of

generally euteqﬂf@%%@'&1&9}{%%%%%&9&&9@@&@&9&@%ﬁéﬁ%&%@%&mg&ﬁ%&a@mined- For
stabilization of chips in chip stacks or on the circuit board moreover fill materials must often be
introducesiiRtedhegaRsidis lpadsdanseblemsinduthapminiaturizationrafthe.cannealing structures.

and architectures are required to interconnect the semiconductor chips with their structures which

are becoming smaller and smaller to comresponding structures on circuit boards or to adjacent chips.

Here mainly the size difference of structures and connecting lines on the chip compared to

converitional structures on circuit boards constitutes a technical problem. The structures of the

cirenii boards are also being further miniaturized and refined in order to keep up with progress in

chip manufacture. Due to the existing cost pressure there is however a demand for use of more

favorable circuit boards with bonding structures which have a less fine structure compared to the

chip structures. This is because different types of chips, especially chips with different degrees of

miniaturization, must be applied to the circuit beards so that in the production of the circuit boards

as a yesult of further miniaturization of the bonding structures economical production would no

longer be possible. Chips with a high connection density would determine the choice of cirouit

board material and the production process for the circuit boards.

Another technical problem is that the circuit boards of conventional design have thermal

expansion which is very different from that of semiconductor materials such as silicon and



Among others, due to the aforementioned technical problems chips are produced by so-called fan-out
bonding structures. Here a semiconductor chip or chip stack is potted in a fill material which is used to
enlarge the base area of the chip and thus to have available more space for connections. The very
densely packed terminals on the semiconductor chip are widened on the larger area which consists of
the semiconductor chip and the filler material (fan-out). The widened structures can then be connected
to the circuit board via bumps. Existing methods for producing chips with fan-out bonding
structures are based on an adhesive on which the chips are placed being applied to the carrier. The
adhesiveisiatiaxranmileendinhddivetiemnienal S TareiEgtoa Breikapibpariathips are applied to
the adhesive film with a pick-and-place tool and are then potted with a layer material (molding
compouRB) i RREIHRE AR Hevisadinnly fisHe fHshErs FroMERIsE ana TEYAP MERSHER (molding

compoungd) the fan-put bonding structures are produced gn the fronj. Detachment af the hybrid
wafer fromjélﬁ%ﬁﬂ PR G ﬁ‘?&lﬁf‘ﬁ?ééﬂaé?ﬁéfiﬁ?ﬁ%?@%%% ?'ﬁ'&fr‘l}tS%lP‘gnge%?th%é%o the above

described soluble ?d esive.conn ct}i ns. Main| temcpcl)rar.¥ cc%nnecdtions are used. dPth adhesive
-cenerapy etectc meﬂt'ﬂ 0VS) between HC }%s an t%e CITCHY ?ﬁar § Tust pe maz;ﬁtm T .
connectiBns ofteR react wi & materials usedfor potting. In" the existing methods therefore special

attention,myst be focused aniihe adhesives being:compatible vtk ihe.majerialusaekfer potting of the

chips both chemically and mechanically and mainly with respect to the process temperatures which

are usedinroghu@itthe garienimaterialsyviish havekesmusedand whichateeanventionally chosen

from the group of metals, ceramic, or semiconductor materials, UV-soluble adhesives or adhesives
which aresghigselyed by means of irradiation by a light source, such as for example a laser, are
precluded since these carriers are conventionally not transparent to the wavelengths necessary for
dissolving the atihesjvebers, duBut thesfoatesiinilecadhedivedsusiviass foe pxempiEbdocble-sided
adhesive tapes or thermally soluble adhesives with thermoplastic behavior also pose technical
problemsafitiblarinddivedgetivealysdblero rewisatibiriecddpanchamsekatpdteiabaiffiwhich in
conventional adhesives generallly extends up to 150 Celsius or a maximum 200C Celsius, Moreover

the adhedives% ehieh és HserstoAr o BERaT T AP BRTHRGAGEhE Raicu iR HEBSPAR Sfesult of
which chips during potting can slip and in the worst case no lopnger have any contact with the
correspoffiig bdtid g’ﬁ‘t@%ﬁl Y%ﬁ%ﬁﬁ%%?ibﬁﬁﬁ&% ‘[%185813% ER Ié?iﬂj’rgf’v%etween 150
Celsius and e%%?egx?rg\siﬁ%o anQther roc%'zaefﬁf %?Q@Stsyﬁb 1{@%&;@%‘%&?&?“%& hich,aie used for
potting aré oRly Conditionally compatible with the available temporary adhesivés since they interact

with the materials usad fer. potting. Therefare it hashe essary so far to qualify the interaction of
. v .

each individual potting material intended for use with the adhesives which have been used. In this way

in practice the amury REWSAbIS PRRNHAIS &g salbrimited-Raitatipastionderequiaments in the

production of chips becomes less flexible.
adhesive on which the chips are placed being applied to the carrier. The adhesive is for example an

adhesive film which is laminated onto the carrier. The chips are applied to the adhesive film with a
pick-and-place tool and are then potted with a layer material (molding compound). After detaching
the resuiting hybrid wafers from chips and layer material (molding compound) the fan-out bonding
structures are produced on the front.

Detachment of the hybrid wafer from the carrier poses technical problems in the existing
method, especially due to the above described soluble adhesive connections. Mainly temporary

connections are used and the adhesive connections often react with the materials used for potting. In



Another problem is inthe production of chip stacks which are stacked in several layers of chips which
are to be connected to one another in an electrically conductive manner. The chip stacks, also called
3D packages, have through silicon vias (TSVs) which allow direct stacking and electrical connection of
chips. The production of these electrical connections which are in practice generally metallic solder
connections or diffusion bonding connections generally requires temperatures beyond 200 Celsius,
even partially up to 300 Celsius. At these temperatures all adhesives known at present fail,

Another technical problem is the lack of transparency of most known adhesives with respect to visible

light, sinf¥ fisAracirhiodrbremearis bEmg aaete omesherdhp rdkeshigsiieas inpihiEnt exact

alignment.is possible only for correspandingly trapsparent adhesives. The alignment accuracy
thereforéms{éf SFETC mgﬁf/g%gfﬁé’é’ﬁ}é‘% H}ﬁglg‘%g éﬁgﬁgﬁ%ﬁé&ﬁ%ﬁWEﬁ%ﬁ%@W@eﬂ% used in
which thg%scg icQ%o%% 1!glcc%\soltin a predefir ?%gh%réd wegh the aid of an external reference system (which

35 1e ] . .
does not belong to the wafer P aénr(-é??a\ﬁy is feference system is formed by the stage (holding means)

and the sensorp,gf ghe igkiand.age siRiemubich felong ta e siage, s antalis e disadvantage

that possible thermal expansions of the entire system directly influence the alignment accuracy so that

the structuig O thepiskAandPlrsesy e musike.corespPRNdingly div ahleaad,stahis; porder to

eliminate these effects and the tendency to a drift of alignment accuracy. This greatly increases costs
for alignmiieh are dkethel exieein thermakion thesmomechanical prasessislohessed when the hybrid
wafer is detached from the carrier, there is the problem that the temperature for the molding compound
materialgischriticalite: ihtoterabtes her eofThetimaibrialstwhpn die ateik losececharieabstafoility; this
makes detachment from the carder in the heated state at least difficult. Here the alignment accuracy
of the indiviglvargipaditesivesgrid which however is a prerequisite for further successful processing of
the hybrid wafer can also be adversely affected. For example, in the terminal the very densely packed

connecting padsbitHRAlhdiotaRlapeprpyearath b sramiadebhstieh e aiendefined by means of
lithography in thin film technology, Here the cantacts which require the finest structure sizes are
delicatel§/héﬁ8§i&ﬁf#8r§\,e ﬁgg?@ﬁ?ﬁg"@% T RS e RS PP 8 L SR BEP RFBE L B the chips have
the finest resolution the greatest density compared to the.other, layers, while the chips have the
greatesté\/dgﬁsa%%%g%ﬁ@?gggé% %‘ﬁ%?éjle&é%lﬁﬁaeﬁp rg‘fgﬁ%ﬁﬂ%&u?ggrﬁ.cﬁvgn&%néﬂr %ﬁﬁ%%%ﬁing layers,

compareg a1 sAgh issaluion R IR RSRORhE [IRTE) RASIIRNING.Aseacy of fhe individual

structures, require a much smaller (factor of 2 to a tfactor of 5) lateral positioning accuracy than the

chips. In:syismanys-therefere de-problersaieds follows: chemicalstability, of fheraghesives used

potting can slip and in the worst case no longer have any contact with the corresponding bonding
terminals. Potting conventionally takes place at a temperature between 150° Celsius and 200°
Celsius

Another problem consists in that many materials which are used for potting are only
conditionally compatible with the available temporary adhesives since they interact with the
materials used for potting. Therefore it has been necessary so far to qualify the interaction of each
individual potting material intended for use with the adhesives which have been used. In this way in
practice the amount of usable materials is greatly limited so that reaction to requirements in the

production of chips becomes less flexible.
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thermal stability of the adhesives used thennomechanical stability of the adhesives used lack of
transparency of the adhesives used (alignment accuracy) alignment accuracy of chips (floating)
temperature in the detachment process Therefore the object of the invention is to devise a method
for producing chip stacks with fan-out bonding structures with which the aforementioned limitations are
no longer present with respect to thermal stability, thermomechanical stability and/or chemical
compatibility of the carrier with the materials used to build up the hybrid wafer and subsequent

processes. Another object consists in increasing the alignment accuracy ,during placement and when
building up the/sHipsrareblas inidheasqdossivlef ahthsashmehitnadntrelutingctisedests irf production.

chips which are to be connected to one another in an electrically conductive manner. The chip
stacks, also called 3D packages, have through silicon vias (TSVs) which allow direct stacking and
clectrical connection of chips. The production of these electrical comections which are in practice
generally metallic solder connections or diffusion bonding connections generally requires
temperatures beyond 200° Celsius, even partially up to 300° Celsius. At these temperatures all
adhesives known at present fail,

Another technical problem is the lack of transparency of most known adhesives with respect
to vistble light, since in particular when chips are being placed by means of pick and place
equipment exact alignment is possible only for correspondingly transparent adhesives. The
alignment accuracy therefore suffers in many adhesives so that in special cases so called global
alignment is used in which the chips are placed in a predefined grid with the aid of an external
reference system (which does not belong to the wafer). Generally this reference system is formed by
the stage (holding means} and the sensors of the pick and place system which belong to the stage,
This entails the disadvantage that possible thermal expansions of the entire system directly
tnfluence the alignment accuracy so that the structure of the pick and place system must be
correspondingly durable and stable in order to eliminate these effects and the tendency to a drift of
alignment accuracy. This greatly increases costs for alignment.

To the extent a thermal or thermomechanical process is to be used when the hybrid wafer is
detached from the carrier, there is the problem that the temperature for the molding compound
materials is critical to intolerabie here. The materials when heated lose mechanical stability; this

makes detachment from the carrier in the heated state at least difficult. Here the alignment accuracy



This object is achieved with the features of Claim I. Advantageous developments of the invention are
given in the dependent claims. All combinations of at least two of the features given in the
specification, the claims and/or the figures also fall within the framework of the invention. At the given
value ranges, values within the indicated limits will also be disclosed as boundary values and will be
claimed in any combination. The invention is based on the idea of bonding the chip stacks
consisting of at least one chip layer no longer directly on a carrier, but first applying to the carrier a, in
particular dielectric or insulating and/or photostructurable, base layer on which in turn the chip stack is
built up. #dvahidigenaisiiiitsis: dspatially doncetvable: as:claimiediin fhéen vertionuopitvestiage layer to
become at least in part a component of the chip stacks or of the hybrid wafer which is to be produced.
In particalhednbedsinétempbraby abtbeslyeSisn Dearioae|ardedyeominbidic veryAgreriimed in the
invention the base layer is applied to the carrier, at least largely to a support zone with reduced

adhesiomseifed cereestipfRndsBrbedBr Hethe pIE st Bdured B srriasiuidshare Ft6%56 Produced or a

large part of the area of the carrier. It is conceivable here as clair%(fﬁd in, th |r§/ention that only the one

on the olREMIGEUERFEBIHFRH B (Hatar B8 h & FFodt CUIPO R CHFEEERTO S Y8 TRed there is an
adhesion.zone wjth hjgh adhesion force on the carrier [sic]. In other words:.the.carrier holds the base
ayor and B ATACKL B e DG GG e S e B e RS D yer

more or \ggs.sxeliay sl enlor perRler atieReselaYsl. he coplathaliace brkg lat between the

base layer the carrier. The adhesion force of the adhesion zone to the base layer as claimed

in the invegation, pefatea s espagialvi J&@%&M%{%ﬁr@ém@%ﬁ%ﬁ%ﬁm@a&gaiiy@._tm@gu@ven more
preferably at least ten” times, ideally at least twenty times, thicker than the adhesion force of the
support z@Rgecting FREI eRUWIRESESIf the InveRtigaihie SarRers eapbecdny i ateliahgyitable for
producing the hybrid wafer or the piece chip stacks, especially preferred materials being those which
are chosetviiram dfiehgindipisial metalreeramic ansemicahdycicnras Welk &xguarty), lglasls or the like. It
is also conceivable to produce a carrier consisting of a combination of these materials. The carrier can
have anypskitipeirbatisragvamagedusly square, rectangular, or especially round. One embodiment of a
carrier in the shape of a round substrate with dimensions which are similar or identical to standard
silicon wafers idespeerNyseRiaistag Ssthesimee i iie'ase established available production
machines and infrastructure can be used. The heart of the invention therefore consists in applying
a base layer to SRR SHINIER SoRsPERSH 16" & aterial used for potting of the chip stack has better
properties both in a cTeml al a gi also a thermal respect and in a thermomechanical respect,
especially in co#fﬁmﬁ 3??‘?&%@{ ‘ff? 3‘%%%%%%%%% f the carrier from the base layer which is greatly
simplified by ﬁXit% %@rﬁ%&%ﬂ%ﬁ %&Q&g% tUpe flexibility and also the attainable alignment

@% a%%riv%s%he DI .
accuracy are greatly improved as a resul of the base ayer which is not potted by a layer material

(molding _compqgaggfgé{{gp&%(?r@&@m&%gt{g&qg%&%ﬁ H&B‘EQ&Wd by omitting expensive material

combinations, especially with réspect to temporary adhesives. Finally, and last but not least, only this
invention.makes ipessibietpprecesssavaiakehip layers into chip stacks with conductor paths which

electrically connect the chips/chip stacks, especially fan-out bonding structures.
- temperature in the detachment process
Therefore the object of the invention is to devise a method for producing chip stacks with
fan-out bonding structures with which the aforementioned limitations are no longer present with
respect to thermal stability, thermomechanical stability and/or chemical compatibility of the carrier

with the materials used to build up the hybrid wafer and subsequent processes. Another object

consists in increasing the alignment accuracy during placement and when building up the chips and



In another independent configuration as claimed in the irivention it is provided that the base layer can
be structured by a stamping process, for example hot stamping or UV stamping methods (based on
materials which can be crosslinked by irradiation by means of ultraviolet light), especially consists of
plastic, for producing chip stacks which are formed from at least one plastic chip. In this case it is
conceivable that silicon can be completely omitted as claimed in the invention. The embodiment would
be advantageous especially for applications in microfluidics, therefore the production of a microfluid

chip and impressively shows the versatility of the method as claimed in the invention. The method step
of buildiAg T ETE RIPP LS H181s BERdsRsnsemeriyBmerdrditBcution of this version solely in that

the base layer is structured especially by a stamping method such as for example hot stamping or a
UV stamping n ﬁB%eﬁhﬁ Bption I?";’?t%‘u@fa‘?ﬁ%eﬁﬁﬁl gﬁ‘?ﬂ?’o '5‘8&%@%?8%&%?%8“%%8%%%5 takes place
by means of a subseg];uent ggglin%met od. Theg.%a%lignryﬁpaﬁléggtt@d ,g%r}%[so be u§ed for

i ; )

. anvenlion ate given m arftlent ciaime.  All com Fes givVen |
espemaﬁy economlga pro ucti e}ec%rlcal connechonsw IC exten8 roug ?he ﬁ']O(Idlng

compoufitk{sQreatien i oD Meld-Was AL MY atehartiiRiEheRAtAG PRIDR AR carried out

i !
a manner in e potting tool has the deésired structures, for example for producing through mold

vias in the.molding,compeundnRutingthe Ratincinrosessithrpaitingitest is pessediaieshe liquid

molding compound mass and the negative structures machined into the tool displace the molding
compouggdalthecisteneethsitesAiareunng of the molding compound materials, the desired positive
structures remain in the cured molding compound material. In this way for example through mold vias
can be producdtiaiiehifoll aviinglagite nitimétionthe: phoduiptivirproeessiflow gderbierfillddrusing
methods conventional in the industry, especially for example electrochemical deposition of metals.
This cantbsraspertatiyitsgfuticreapsicating mnbieiddraxammple dwarthilsstisdiesrivhich have been
produced in this way are to be in turn stacked and electrically connected to one another. The TMV
contactsiHIBiIB AVE BESRPrEHTEBEItnbase st eeebimbea A EhHME SiRvEid"and space-saving
electrically conductive . connection of the two chip stacks, . Accor?in tq one advantageous
embodiménEBRERTERTORI S HroviaRarth At B O SR the BORES DR e i a

selectively,soluble fill material, especially on an offset which has been set hack relative to the carrier
i, profo BTG DG EIAT SRR e LA o e o S e Hetachment of

th(=T carr'i S}&f{]gg%}r%é%gw% E%E%r;% Eﬁﬁe&%‘% stagks,i %%@L%%%@Meﬁgreful manner by .the fill material
being dissolved selectively by corresponding solvents which are either nonselective with respect to the
other materials or wighy 629, bg: Al leastlargely-compasimantad-iiter, .1 The deseribed carrier can be
regarded as an independent invention for executing the method.

gupport zone with reduced adhesion force, the support zone comprising most of the area of the

hybrid wafer to be produced or a large part of the area of the carrier. It is conceivable here as

clatmed in the invention that only the one on the outermost edge of the hybrid wafer to be produced

or the chip stack to be produced there is an adhesion zone with high adhesion force on the carrisr

[sic]. In other words: the carrier holds the base layer and the chip stacks of at least one layer of

chips, which stack is to be built up on the base layer, more or less exclusively on the periphery of

the base layer, the contact surface being flat between the base layer and the carrier.

The adhesion force of the adhesion zone to the base layer as claimed in the invention per

area is especially at least three times, preferably at least five times, even more preferably at least ten

[o)



By the base layer béing applied to the support zone and at least in part the adhesion zone over the
entire surface, the area which is available on the carrier can be used almost completely for producing
the chip stacks. For a carrier diameter of 300 mm the distance, especially the ring width, from the edge
of the adhesion zone to the edge of the support zone is between 0.5 mm and 10 mm, especially
between 1 nun and 5 mm; preferably between 2 mm and 4 mm. According to another
advantageous embodiment of the invention, it is provided that the chip stacks are separated before
detachment of the carrier, especially by cutting, so that the chip stacks are only connected to the
carrier. lfnBisiéesly sioaretegniatings thekpxban fipadie o necraske parewisieh are assigned to the
chip stacks. One embodiment is especially advantageous in which the material which forms the
base layer is fIERIGHS, psserthif 188?&5%%&%&%%??@ URE'EHA AR POPPSHTTRE Wit a layer
material }(%rjgol ing com oundf), he material which forms the,ba%e layer is used for‘§qtting. This makes
it possibl 8%?’3 &8 GBS T S B AB AR ABES W B 7S BRENERGTRERS very high
mechansgh bl sechan the piher wlieh e e anicAl IO R BRI e ngepecialy
advantageousef r special applications in whic the flexibi ity IS Impoftant, espemaiy smart cards or in

later attachment.of;the pAckages: Lo Rent SUACE hinAECRTEIRG 10.ong.eoREGIANY agvantageous

embodiment of the invention it is provided that especially before building up the chip stacks, fan-out

bonding g6t asa M adeBkhe-aseslaue! (badhisay theLase 1exel :usaddamanetier purpose
and thus forms another functional component of the chip stacks or of the hybrid wafer. In this case the
possibility afrfubjettingibesa famouihond nghsimetsias befiokeuplaaementehthel chipmtarduality tests
with which possible faults in these structures are prevented from leading to chips or chip stacks being
applied talivonfanictichakferiaynbondingstrsictaieshis espesiailysizdvantage pusluctiomhe fan-out
bonding structures widen the available fan-out contact surface relative to the chip contact surface of
the chip Witireone spontscartretibesaspecially at least by a factor of 1.5, preferably a factor of 2,
more preferablﬁ%factor of 3, ideally a factor of 4. It is especially advantageous if before building

up the chip stacké b BRigGaBmMEFGAR P HIohinrRaNiBE SRIeSCORTdRRSATSHYE P plied for

electrical bonding of the chip stacks with.the fan-out bondijng structures,
compared to the ma‘uergj used f%r potting otfﬁle %1‘]@ stacq( ha¥ better properties both in a chemical

and also a thermal respect and in a thermomechanical respect, especially in conjunction with the
detachment of the carrier from the base layer which is greatly simplitied by fixing on the edge of
the base layer. Both the flexibility and also the attainable alignment accuracy are greatly improved
as a result of the base layer which is not potted by a layer material (molding compound).
Furthermore, the production costs are improved by omitting expensive material combinations,
especially with respect to temporary adhesives. Finally, and last but not least, only this invention
makes it possible to process several chip layers into chip stacks with conductor paths which
electrically connect the chips/chip stacks, especially fan-out bonding structures.

In another independent configuration as claimed in the invention it is provided that the base
layer can be structured by a stamping process, for example hot stamping or UV stamping methods

(based on materials which can be crosslinked by ifrradiation by means of uitraviolet light),



Furthermore, it is advantageous before or during the build-up of the chip stacks, especially at the same
time with the introduction of the bonding structures, to provide alignment marks for positioning of the
contact pads and/or the chip stacks on the base layer, especially flush with one edge of the chip
stacks, in/on the base layer. Alternatively these alignment marks can correspond to alignment marks
located on the individual chips. In this way the base layer performs another, additional function and by
the prescribed measure the alignment accuracy of the chips/chip stacks is further increased. It is
especially advantageous if the base layer is a photostructurable material, especially a
photostresptstalbieaisisctfiplastic, Aeqoedisiac bnsiade mth eringepehienté ipisoermdatis provided that
the chip stacks are bonded directly onto the base layer by bondingéadhe‘sion). This call take place
either withiths §id erait BdanrshablsdhisiliecscahigUpesisls SrifedRic BIBFRHILE of the material of the

base layer. Thus it is conceivable as claimed in the inve%j%rtfor tl'le chips.to be el ented by means of
I

a so-callBUAHO LA EBMELITR "R Ra AT R SoRRENAE O LPRISREY R THE IhVERGon that the
material of the base layer.is a dielectric which in.the unexposed state largel ehavior of a
861‘ I%(}l ﬁlﬁ%ﬁiﬁ_‘(}e{lﬁh@n oida ! TOTJT]%‘I(I\éI(i and 11?%%6(5)?1\/6&? glOWSR%E "J.G Eg&% Q‘? %y}ﬁeﬁ%}a

thermopias chips can be mea a thérmoplastic adhésive process. Itis

especiall agvaagROYS Lafer IANG R VG SR SIAGKS 20k Deipe detacing ipcarer e chi

stacks are potted, especially with a layer material which corresponds to the base layer, since in this

way espegialiflexible and.alithe same.tima stabie ehin.stagks erhybidyaiermoanyhe formed.

According to another alternative embodiment of the invention it is provided that the detachment of the

carrier fram.enRe Sid8AE06,0k thesares resnacialy My redusingitherdigsiohdaieelf theadhesion
layer, takes place preferably by selective dissolution of the filler material. The detachment of the carrier

from the haseslayesandadhelship stdcksapplied tikdhghase tayes dspabiatiyefobthdipptting material, is
carefully implemented by this measure as claimed in the invention. The carrier is detached from
the basentajimrias claimed in the invention by connection release means, which act especially on the

adhesion zone, and the adhesion means which act in the adhesion zone between the base layer and
the carrier.  These stamping methods can also be used for especially economical production of electrical

cormections which extend through the melding compound (so-called through mold vias or TMV for
short). Here the potting of the chips is carried out in a manner in which the potting tool has the
desired structures, for exarnple for producing through mold vias in the molding compound. During
the potting process the potting tool is pressed into the Hquid molding compound mass and the
negative structures machined into the tool disptace the molding compound at the intended sites.
After curing of the molding compound materials, the desired positive structures remain in the cured
molding compound material. In this way for example through mold vias can be produced which
following a given time in the production process flow can be filled using methods conventional in
the industry, especially for example elecirochermical déposi%ion of metals. This can be especially
useful for applications in which for example two chip stacks which have been produced in this way
are to be in turn stacked and electrically connected to one ancther. The TMV contacts which have

been produced in the just deseribed manner enable simple and space-saving electrically conductive



The connection release means can be fluid agents, especially a solvent which selectively dissolves the
connection. The chemical dissolution is especially careful and with a corresponding material choice the
dissolution can also take place quickly, especially when only edge regions of the carrier or the base
layer are provided with an adhesion layer so that the solvent can act quickly from the side.

According to one alternative embodiment of the invention it is provided that the connection release
means comprises mechanical separating means, especially a blade for mechanical separation of the
base layer from the carrier in the adhesion zone, for dissolving the adhesion. A combination of
mechanigairseparefibn tmedns sackfluid agents is also conceivable. another alternative embodiment of
the invention it is provided that the connection release means comprises a UV light source for

dissolving the dd¢pedioa berwedratiretrasstipdmantiofb civariontissanssthencediralso be
combined with the embodiment of the mechanical separatir%%émeans and/or the embodiment with fluid

agents. CArFpsifRlenibior SRR BT T aRsksRIa splatls FrhmettshasebianrerdiiSively from one
side edge,qof the carrier, action on the carrier and/or the hybrid wafer/chip stack from the top and/or
Dottom SARULER oS B TS e B Ui B Bt P O o suppor
zone, can often be-gmitted. arrangement.of the connection release.mea ver entire
oo e o B e et by

there being,aotatieD MeANIARIOIAIRN.B DR AAIHEH dissAUNRARIRARAUMY.d5:exRARR e adhesion
layer to fluid agents, for holding the fluid agent there is a solvent tank which touches, especially
sealed, thaGaIRKOK SRIKIGLFBERIMREHBY LB respect to the other materials or which can be at least
largely compartmented by it.
The described carrier can be regarded as an independent invention for executing the
method.
By the base layer being applied to the support zone and at least in part the adhesion zone
over the entire surface, the area which is available on the carrier can be used almost completely for
producing the chip stacks. For a carrier diameter of 300 mm the distance, sspecially the ring width,
from the edge of the adhesion zone to the edge of the support zone is between ¢.5 mm and 10 mm,
especially between 1 mm and 5 mm, preferably between 2 mm and 4 mm.
According to another advantageous embodiment of the invention, it is provided that the
chip stacks are separated before detachment of the carrier, especially by cutting, so that the chip
stacks are only connected to the carrier. In this case, at the sarne time the base layer is cut into base
parts which are assigned to the chip stacks.
One embodiment is especially advantageous in which the material which forms the base
layer is flexible, especially in conjunction with the measure that instead of potting with a layer

material (molding compound), the material which forms the base layer is used for potting. This

W



solvent tank at least partially enclosing the side edge or périphery of the carrier especially effective
action on the connecting layer is possible. Furthermore the measure of enclosure can prevent the fluid
agent from emerging from the solvent tank or UV light intensity being lost. When using mechanical
separating means possible impurities are prevented from escaping from the solvent tank and
contaminating the hybrid wafer or the chip stack. The solvent tank in an advantageous configuration
can be made L- or U-shaped in cross section. The dissolution of the adhesion layer, especially of
the selectively soluble filler material, can be accelerated as claimed in the invention by a modulator

which graaity Hecsidis it erarnerialbrhir erdccamer nsyhnasandish oribeonidi BFfhegasonically
generated cavitation sq that the detachment takes place much more carefully a the same time
more qu‘fa?h%%*@eﬁ%ﬂ‘ﬁf‘g%ﬁ ‘%W&%ﬁt%f? iﬂﬁfﬁ&’@ﬁ\ﬁéﬁ?ﬁiﬁ’ﬁ?\a@&%ﬁg%ﬁgﬁ%o im sonic
transmission. ﬁdggpﬁta%%eous%the mpdulﬁlct;or IS mecﬁg}r;iaﬁgl%}id tﬁ rated into the L-shﬁ\ ed or U-shaped

solvent Fastg c.l ernaﬂv 3? e rﬁB%%?a?BP cfﬁ%%g} E)Ne immersed in lf‘ﬁem%% \%thf:s gcé% n as the solvent

has beem&%{qﬁﬁemﬂﬁgﬁmﬁ ége%g Sq@rggmsﬁ}%&qhesion layer. This invention

moreover relates to a carrier w iS provi on one carrier side with an adhesively acting adhesion

zone and a lesg aeResive bhaeHRg: AUPRAHZREAPBSE Ia%e b AN bRInG ARRIcaRIa/atgaly over the

entire surface at least to the support zone, and on the carrier side in the adhesion zone there being a
selectivelpaoiuble-fille hutaiasiab, itespegiativientancaffseliwbichissel askielativetedhg garrier side,
preferably superficially flush with the carrier side. With a carrier which has been equipped in this way
the methothas:claiheédsinthe invedtionacathdrencanted:o ttinfame spebialfiradvaitaggousimanner since
the detachment of the hybrid wafer or the chip stack from the carrier takes place at least largely
without afliereily séffsetinef thelohipl srabkslaustbrseriolping dompbuhitclingisswip-especially careful
detachment of the expensive chip stack is ensured. Moreover it is conceivable as claimed in the
inventioRtiReeTEdinat PEavariaraapat ehtheriymtrainsatssbrpishars Hesaliniuigsnd/or the
fan-out bonding structures are formed into chip stack structures (see embodiment F). Itis

furthermore BEHEATBGISS HEVACH HA IR qoththihe Sinarehride porsudised Etentrically

from theb%erl%he{ f the carrier fo the center of the carrier. Other advantages, features and details
. IIC%I § res 1s especial i ad\{z%ntar%e%lé. : -
of the inventiofl will beCome apparent 110 following description of preferred exemplary

cmodmens S ISR e evtgs  BONES BB S AT gt s st
embodireRtsAdQ Beface of the chip which corresponds at the time, especially at least by a factor of 1.5,
preferably a factor of 2, more preferably a factor of 3, ideally a factor of 4,
It 1s especially advantageous if before building up the chip stacks on the chip side facing
away from a carrier side contact pads are applied for electrical bonding of the chip stacks with the
fan-out bonding structures.
Furthermore, it is advantageous before or during the buiid-up of the chip stacks, especially
at the same time with the introduction of the bonding structures, to provide alignment marks for
positioning of the contact pads and/or the chip stacks on the base layer, especially flush with one

edge of the chip stacks, in/on the base layer. Altematively these alipnment marks can correspond to

alignment marks located on the individual chips. In this way the base layer performs ancther,



Figures 2A to 2E and 1 1E12 show a schematic view of a step of introducing fan-out bonding
structures and alignment marks into the base layer as claimed hi the invention according to
embodiments A to E and Figures 3A to 3E and 1 1H3 show a schematic view of a step of placing
contact pads on the base layer as claimed in the invention according to embodiments A to E and
Figures 4A to 4E, 9F2, 1004 and I II-14 show a schematic view of a step of stacking chips onto the
base layer hi at least one position as claimed in the invention according to embodiments A through H,
Figures .5A to 5E, 1005 and 11H5 show a schematic view of a step of potting the chips stacks with
moldingadditipolifiche®rekaidisdlin treciiventievacterdigytone mboaimneiits shitpsEhiGsanks i,

Figures 6A to 6E, 9F6, 1006 and 11117 show a schematic view of a step of detaching the base layer
with chipustaiscratadibicamssiolr cranfgtore B dRlarSTAS o0 tosUCRY iR ety E, 10610 and
11H8 show a schematic view of a step of applying soldered connections (humps) as claimed in the
inventiofREEBYdih BriCep oA HiRlea6 E, G and H,  Figures 8A to 8E, 9177, 10011 and 11H9

show a schematic view of a step of separating the chip.stacks. or the hybrid wafer on the carrier as
Claimedt i the (SHUBH SEREANFEHD CUGEEnEE AONHED 1< boviand e i kTS

bonded directly onto the base layer by bonding (adhesion). This can take place either with the aid of
an additional adhesive or using possible adhesive properties of the material of the base layer. Thus
it is conceivable as claimed in the invention for the chips to be cemented by means of a so-called
die attach adhesive, Alternatively it is concetvable as claimed in the invention that the material of
the base layer is a dielectric which in the unexposed state largely has the behavior of 2
thermoplastic. Thus the chips can be fixed by means of a thermoplastic adhesive process.

It is especially advantageous if after building up the chip stacks and before detaching the
carrier the chip stacks are potted, especially with a layer material which corresponds to the base
layer, since in this way especizally flexible and at the same time stable chip stacks or hybrid wafers
can be formed.

According to another alternative embodiment of the invention it is provided that the
detachment of the carrier from one side edge of the carrier, especially by reducing the adhesion
force of the adhesion layer, takes place preferably by selective dissolution of the filler material. The
detachment of the carrier from the base layer and the chip stack applied to the base layer, especially
for the potting material, is carefully implemented by this measure as claimed in the invention.

The camier is detached from the base layer as claimed in the invention by connection release
means, which act especially on the adhesion zone, and the adhesion means which act in the

adhesion zone between the base layer and the carrier.



Figure 9F3 shows a schematic view of a step of potting with a layer material which corresponds to the
base layer as claimed in the invention according to embodiment F, Figure 9F4 shows a schematic
view of a step of introducing fan-out bonding structures as claimed in the invention according to
embodiment F, Figure 9F5 shows a schematic view of a step of applying another chip later and
soldered connections (bumps) as claimed in the invention according to embodiment F, Figure 1002
shows a schematic view of a lithography step as claimed in the invention according to embodiment G,
Figure 1003 shows a schematic view of a lithography step as claimed in the invention according to
embodiment Grhe cdnigutierkOR7sshews a:sthenmatigeris epéaasiepsiorantating thiediybiyd wafer by

1800 as claimed in the invention according to embodiment G, Figure 1008 shows a schematic view
of an etclingstepeaswiaied ThettieinvantionlateoitingtolenbedinedrOhRigurest@@dgshows a
schematic view of a step of introducing fan-out bonding structures as

material choice the dissolution can also take place quickly, especially when only edge regions of the

carrier or the base layer are provided with an adhesion layer so that the solvent can act quickly from

the side.

According to one alternative embodiment of the invention it is provided that the connection
release means comprises mechanical separating means, especially a blade for mechanical separation
of the base layer from the carrier in the adhesion zone, for dissolving the adhesion. A combination
of mechanical separation means and fluid agents is also conceivable.

In another alternative embodiment of the mvention it is provided that the connection release
means comprises a UV light source for dissolving the adhesion between the base layer and the
carrier. This embodiment can also be combined with the embodiment of the mechanical separating
means and/or the embodiment with fluid agents.

To the extent the connection release means is made 1o act especially exciusively from one
side edge of the carrier, action on the carrier and/or the hybrid wafer/chip stack from the top and/or
bottom, especially a region of the carrier which lies within the side edge of the carrier or in the
support zone, can often be omitted.

An arrangement of the connection release means over the entire periphery of the carrier can
be omitted and partial action on the periphery of the carrier is sufficient by there being a rotation
means for rotation of the carrier,

Advantageously, to expose the adhesion layer to fluid agents, for holding the fluid agent

there is a solvent tank which touches, especially sealed, the carrier or carrier receiver, By the
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claimed in the invention according to embodiment G, Figure 11H6 shows a schematic view of a
step of dissolving a filler material as claimed in the invention according to embodiment H. The
figures show individual or multiple steps of the embodiments A to H, the labelling of the figures being
identified with the reference letters A to H. The individual steps of embodiments A to E are each shown
jointly on one side, while the steps of the embodiments F, G, and IT are each shown as a sequence.
The representation is done without conventionally known devices for handling of the carrier and/or for
executing the individual steps. The reference numbers are used uniformly for the corresponding
parts, evelvdfidifférantateasingsimaterialsardeclos enpfoiptirey dif teeantrmmispetiimbrittcctive The key topic
in this invention is that temporary adhesives for fixing the chips 30 or chip stacks 31 are avoided either
entirely ertableagtiomitstimobypdn phsbaduchenivpscttcareasise diwhitlihava 2supp e zone 11 with
reduced adhesion force on the contact surface 18 between the hybrid wafer 34 and the carrier 10. This
support feeEniiRmeresg SandsioalTsreEmoridd Wihhiesror trrangrest ot ise Wid wafer 34 which
is to be produced and which consists in turn of a plurality of chip stacks 3 Witu a{ﬂleast one chip layer
33 at a tiTENEFIE! SPRREPE A STEHC TR B ﬂﬁ%ﬁé’%ﬁ@&?&ﬁ?&%ﬁ%ﬁﬁ&%&&%ﬂ*ﬁ& it SHEEE 18 which is
located on thetoutergfnost e%gg. 50 t-het[}é’ id v%/a[(erT%4 wvictg tisn tombe grgdqge% comes to rest on the
contact %ﬁ?f%\%af%n%ﬁnﬁlel% 1t Y0 3'an adhesion zons” fr\’/vfh%lgﬁnhglcﬁlﬁggﬁorce/adhesion force
For the %ggﬁggﬁag%%%eb@%%ygn mﬂﬂﬁsﬁ iers G}.{Qsé: g any materials which are suitable for

the hy

producing rid wafer 34. But typically materials are those selected from one of the groups
The dissolution of the adhesion layer, especially of the selectively soluble filler material,

can be accelerated as claimed in the invention by a modulator which greatly accelerates the
detachment of the carrier by means of ultrasonically or megasonically generated cavitation so that
the detachment takes place much more carefully and at the same time more quickly. The modulator
is in contact with the solvent used in order to ensure optimum sonic transmission. Advantageously
the modulator is mechanically integrated into the L-shaped or U-shaped solvent tank. Alternatively
the modulator can aiso be immersed into the solvertt as soon as the solvent has been supplied in the
intended manner for separating the adhesion layer.

This invention moreover relates to a carrier which is provided on one carrier side with an
adhesively acting adhesion zone and a less adhesively acting support zone, a base layer (20} being
applicable fargely over the entire surface at least to the support zone, and on the carrier side in the
adhesion zone there being a selectively soluble filler material, especially on an offset which is set
back relative to the carrier side, preferably superficially flush with the carrier side. With a carrier
which has been equipped in this way the method as claimed in the imvention can be carried out in an

especially advantageous manner since the detachment of the hybrid wafer or the chip stack from the



metal, ceramic, or semiconductor as well as quartz, glass or the like. The carrier 10 in suitable
embodiments has a circular shape and is made as a standard wafer with a 300 mm diameter. The
support zone 11 of the carrier 10 is formed by a fill layer 19 (see Figure 1A) which is placed
superficially flush in the carrier to the carrier side 15. The thickness of the fill layer 19 is at least 3 um
to 100 pin, preferably 10 p.m to 50 pm. The application/introduction of the fill layer 19 takes place
for example by spin coating. The fill layer 19 consists especially of a material with 5 to 50% by weight
solids, especially 15 to 30% by weight, the solids being selected from the group of monomers,
oligomersmgadidepplymearkapreferhbiyitbydiclolefily ptiytverthadidiotebpaiiriersadddior amorphous
fluoropolymers with high atomic fluorine content, especially more than 30% by weight, preferably more
than 45%otnpausi bt tis thersprsials: cRvdfilldayemay ¢akesrpespimsterstatie propedies described
below: It consists especially of amorphous polymer materials with low free surface energy, It is of low
adhesioM WBHAHRSSRASYRbE Respadcto s he dwsniads @%?8%§F%F%@§%§‘%Wéﬁﬁ%éyer 19 at

least on the surface [having] a low to very low concentration of hydrox%/l X .
when the chip stacks are built up and/of the fan-out bonding structures are formed into chip stack

structures (see embodiment F).

1t is furthermore advantageously provided that the detachment of the carrier takes place
concentrically from the periphery of the carrier to the center of the carrier.

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

Figures 1A to 1E, 5F1, 10G1 and 11H1 show a schematic view of 4 step of application of a
base layer to a carrier as claimed in the invention according to embodiments A to H,

Figures 24 to 2 and 11H2 show a schematic view of a step of introducing fan-out bonding
structures and alignment marks into the base layer as claimed in the invention according to
embodiments A to E and H,

Figures 3A to 3E and 11H3 show a schematic view of a step of placing contact pads on the
base layer as claimed in the invention according to embodiments A to E and H,

Figures 4A to 4E, 9F2, 10G4 and 11H4 show a schematic view of a step of stacking chips
onto the base layer in at least one position as claimed in the invention according to embodiments A
through H,

Figures 5A to 3E, 10GS and 11H5 show a schematic view of a step of potting the chips
stacks with molding compound as claimed in the invention according to embodiments Ato B, G

and H,



greups or carboxylic acid groups, It can be formed front a solution. The stacking of chips 30,
especially in several layers, is known to one skilled in the art. In the configuration as claimed in the
invention the stacking is improved by each chip 30, especially on the chip edge 37, having chip
alignment marks 38 which are used for alignment of the chips 30 relative to the alignment marks 25 of
the base layer 20 (see Figure 4B). The support zone 11 can be produced alternatively or can be
treated on its surface by the steps cited below: chemical treatment of the surface formed from silicone
with a hydrophobic organosilane such as for example fluorine/alkyl phosphonate or (fluoro)alkyl silane
for reducing theifiee sHrface,shergy encheni¢ahvapcriphase depoditisty O\VBarathdd) of a coating
with low free surface energy (for example fluorinated parylenes) on a carrier in order to produce a
permanénsedamtpaditesianstulsifigintiheasigporerdbndormey dacsiipp it zone.
Figures 7A to 7E, 10G10 and 1 1H8 show a schematic view of a step of applying soldered
connections (bumps) as claimed in the invention according to embodiments A to H, G and H,
Figures 8A to 8E, 9F7, 10G11 and 11H9 show a schematic view of a step of separating the
chip stacks or the hybrid wafer on the carrier as claimed in the invention according to embodiments
Ato H,
Figure 9F3 shows a schematic view of a step of potting with a layer material which
corresponds to the base layer as claimed in the invention according to embodiment ¥,
Figure 9¥4 shows a schematic view of a step of introducing fan-out bonding structures as
claimed in the invention according to embodiment F,
Figure 9FS shows a schematic view of a step of applying ancther chip later and soldered
connections (bumps) as claimed in the invention according to embodiment F,
Figare 10G2 shows a schematic view of a lithography step as claimed in the invention
according to embodiment G,
Figure 10G3 shows a schematic view of a lithography step as claimed in the invention
according to embodiment G,
Figure 10G7 shows a schematic view of a step for rotating the hybrid wafer by 180° as
claimed in the invention according to embodiment G,
Figure 10G8 shows a schematic view of an etching step as claimed in the invention

according to embodiment G,

Figure 10G9 shows a schematic view of a step of introducing fan-out bonding structures as
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The thickness of this coating is especially between 1 rim and 20 nrm preferably between 2-rim and 10
nm. Production of such a support zone 11 which has been produced by chemical modification of at
least parts of the surface of the carrier 10 proceeds as follows according to one preferred embodiment:
An epoxy-based photoresist is applied to a surface of a silicone wafer (carrier 10) with a diameter of
300 mm in an annular section (adhesion zone 14) on the outer periphery of the silicone wafer. The ring
width is between 1 and 10 mm. A fluorinated silane is diluted with a suitable solvent to a one-percent
solution. The solution is applied by spin coating to the surface of the silicone wafer. Then the wafer is
hardeneddioredne theinuteton achedtingplatendtnk00G.. Thereupon the wafer is flushed in a spin coater
arid is hardened again for one minute at 100C. The epoxy-based photoresist is then removed with
acetone in a spigwoatélt dwayesoicobirichibhicasnolaladhesieriiormeatenbins!ssehiadhesion zone
which is untreated by the fluorinated silane solution. The carrier 10 with support zone Il is completed.
Then a BasETSYenZo Epbietrbogiiseatier 10 largely over the entire surface. In particular the base
layer 20 later beco i)ﬁmes at least Fpa%ggy part of the hybrid wafer. In individual cases it is however also

conceivable that fi§BasRE/Br e e grAryling f’f?‘ﬁ?acf{ BRrBABETERN QdrimbcdbeBuRgtup of the chip
stacks. Ip, tis, case, nagtﬁ lalpLfime at & resf%%%%Bé Jagaton 5&1‘ FRaYeh W léll%tbes 'c?{%%ﬁ/o qmpletely

removed agdin in hefentire productlon process ow I this connec ion TEhs faed y regarded
completaly g IRBRYAALALERR PRt b RTRJIRAY R AL TPIE drellRR g0 of the
originally present layer. In conjunction with this only temporarily used base’layer, especially
advantaggequs£nadiments can be implemented, when this base layer is used for producing
electrically conductive metallic connections which can be exposed later by removing the layer and thus
can be made ateesslenthhase pracessRaIARDCANYRNINNRRNA dba s icoRaIGQr thdustiy and Icriown
under the term "sacrificial layer". In order to be able to implement these structures, depending on the
configuratidlordbthesetstpubturgsiticanibes advantageous if this base layer consists of a
photostructurable material. In this connection it can be understood as at least 90% of the support zone
11 with reducedtadhesive thickeessadagéyndvanthorahtiersuforcbnd paoptienizad Effsbotiments this
surface is however at least 98% or is even more ideally larger than the support zone 11. At a diameter
of 300 nifFETRETSGHE CArTEPFo fRebiidsion sabrdii®wsth high adheswe force typically has a ring

width of > 0.5 mm, ideally > | ram and_even still more ideally > 2 mm or > In the case in
which the basefa%?réapa%%f&é%ﬁf@%%ﬁé%&fﬁﬁwg{?ﬁwff%‘ﬁé ffiﬁée@dra ﬂﬁ%BQﬁrﬁ&afment Fitis
preferred |f arrler 1 an offs t 12 | |on 0 hBj adhesive, for ThIS g 12 is filled
with a fill ma%serla?rﬁ%” ore a tr‘im %Oﬁwl%h Ry it'carrier side

15 flush it i g%lgrcrbmf%mfre dr!f@ga%rﬁe'c%%' idealiamaterialuh 'Ch iy 88 r%f'ed've'y

dissolved or rem ter by contr action from t e outsl ese mec anlsms he action can

be mechapigaboptical apgchgmigalmetods of saminatiqaliesameiiRdshargxample,

materials, especially plastics, could be used which can
the area of the hybrid wafer 34 which is to be produced and which consists in turn of a plurality of

chip stacks 31 with at least one chip layer 33 at a time. The system is made such that only the
especially annular component surface 18 which is located on the outermost edge 35 of the hybrid
waler 34 which is to be produced comes to rest on the contact surface 18 on the carrier 10 on an
adhesion zone 14 with high holding force/adhesion force .

For the purposes of the invention, the carriers 10 can be any materials which are suitable for

producing the hybrid wafer 34. But typically materials are those selected from one of the groups
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be dissolved by means of a certain solvent. According to one alternative embodiment inorganic
materials would also be possible which can be dissolved by means of special etching chemistry.
Furthermore, materials would also be conceivable which can be dissolved under the action of
ultraviolet (15V) radiation or infrared OR) radiation. The offset 12 is made here such that the support
zone 11 with low holding force roughly, especially precisely, extends to a step 17 of the offset 12. The
step 17 can be made either in the form of a right-angled edge or also an obliquely running edge. It is
advantageously possible to produce edges running obliquely in this way by means of a wet etching
processritsiknabling thecsrigstalistrustwelok silioon gosautohediicaliqproduck theseablblique edges.
The base layer 20 can be applied either by means of spin or spray coating or lamination. In isolated
cases otfiéregiestkaase nslapbapisied sucklassdottoringvessting: extflisionienating or the like.
hone preferred embodiment of the invention the material of the base layer 20 is a phmostructurable

material, espediISFEBHEBSHILRsE RO eyt afiprepbh st yarButéha MAIPR 5100 (from

JSRO), SINRO from ShingEtsu Chemicals(r) or similar, products from Hitachi Chemicals or Sumitomo

Bakelite?lﬁg%%gﬁﬁw{gﬁﬁfb@,té%ﬁﬁ‘ﬁ’é%ﬁ?d‘ﬂ@? .Sléf’né)'sﬂ]?éa" Ttfré ﬂarﬁ‘ﬁﬁg]v%fg‘fhﬁég Alaterials and

can selelggstthfqugcg)r(gm to brle%ire ents which are defined by the final application and the
cess flow, Th

) the
production proce pé%%rapréfen”ela ermbddiment (A, B, C, D and H) conductor paths 21 for the

required wiringgievelsof ihe chine, 30, canderpraguced Aulding on the hass,ayer.20:This generally

takes place by means of lithography and additivé processes. For example, the insulation between the

indiVidU@1%9&4@@6%%&9&&599HF&%MY&M%@WW%W@@QQ&E%%?&E\éﬁﬂ@'%@ﬂ% materials
while the metallic connections can be produced by means of barrier seed deposition (sputtering) and
electrochgmigalid@posiiiondalocitopiating) (Ehese prosesses Qi ganveatiobatdithesindustry and are
known to one skilled in the art. Subsequently contact pads 22 are produced which will be used later to
hold and-tetaebtheychips«30. phbgethenditth-tihebencontadirpads 22t Saty thgrecareid$dshlignment
marks 25 which enable exact alignment of the chips 30 relative to the base layer 20. Thus an external
alignmeatoméahs tandostaitieeialisherdban I0adly wioght axatraiiymosnbaf4bié bhipe@0.  In one
alternative embodiment G the base layer 20 is simply exposed and after exposure is subjected to a
heating proces¥ P&t asisosin&lbkwery Htrrsose GusRElche By s eigsoded BHeybeing chemically
interlinked in the case of a negative resist, and thus being insoluble to the developer liquid, while the
unexposed site%%ﬁi%fﬁ%‘l%‘ﬂ? OF N HSSIDR RS H BRIV e ATt S EG 5P SHe: The exposed
sites remain pqprly@gplublaﬁi Her? it should.be n%ed fortthe. ake OJ[CO%L’HGH? s that most dielectric
materials have the behadior o i%l%ré%%lvgspé%}?t. THEn Intetconietith y%rrgl Anbe? elfillfyup directly on
the base layer ich.h een ex d analogously to processes. .C: D and H or
chips 30 are pIglge{g%%%lct%?ao%‘r{g%%%ﬁé%e%fg%écrg %&fﬁ%ﬂ%oc\%gev%%g%&é%%ﬁ% %@%gégdfng}oply the
chips 30 before hgatipg.abiheidpessd.diglectric, and later to advantageously use the crosslinking
process also to obtain a permanent adhesive connection (bond connection) between the chips 30 and

the dielectric matefiak g theibase Jayrkidl (embodiment G), Another alternative
embodiment(process flow F according to Figures 9F1 to 9F7) calls for the chips 30 to be cemented

only on the baskhtayekaQ, oFbispean, talediacewith-thexgid, of Amvadditierakadhestve 01, ising possible
adhesive properties of the correspondingly chosen material of the base layer 20. It is conceivable as
claimed ihethenfnyesiiorathatitive chipsi@Gearenabersentaa: iyimproved by each chip 30, especially

on the chip edge 37, having chip alignment marks 38 which are used for alignment of the chips 30

relative to the alignment marks 25 of the base layer 20 (see Figure 4B). The support zone 11 can be

produced alternatively or can be treated on s surface by the steps cited below:

chemical treatment of the surface formed from silicone with a hydrophobic organosilane
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means of a so-called die attach adhesive: Alternatively the material of the base layer 20 could be a
dielectric, especially one of the above described materials which in the unexposed state could largely
have the behavior of a thermoplastic. Thus the chips 30 could be fixed by means of a
thermomechanical adhesive method. For the embodiments A, B, C, D and li, after producing the
contact pads 22 the chips 30 or chip stacks 31 which are formed from at least one chip 30 at a time
are placed. This can be done by means of current chip-to-wafer bonding methods, typically the chips
30 being fixed beforehand by means of a temporary adhesive and only later a permanent bond being
formed in a reflaehprdoesaniielembeodine pteditanaBoirithisogdhyiedtionire prdsent tbn&egersion with
bumps 36 in which the chips are fixed by means of a flux or no-flow underfill. Only after all chips 30 are
placed on the bageckagrer@0odoes the carrier 10 with a plurality of chips 30 fixed beforehand pass
through a thermal process ("reflow process") in which the bumps 36 and the contact pads 22 are
soldered to onéhgrBtREaNdePEaREMIK ERsGrED matetigancAon e BdrtatestfSce 8Es not occur
during heating, Alternatively a so-called no-flow underfijll canfunction and remains later a permanent
part of the bon&h AR BRENET ViR Bor AL th i 38‘\}%%@ i prOVES Hi&Ehanical stability.

Thus the no-flow, underfill saves the late underfilli%of#%g{s between the chips 30 (shown in process

A and B). WheAUSH HTELEAD MoWRRASHT Rstera i 4126 often necessary to apply pressure to

trie chips durng{he JeHmAlRIRcEaR NS RIGR D BAR AN ANIABAON I I REAP Rl Bl gssure plate
which can apply pressure simultaneously to all chips located on the carrier. In the embodiments C,
D and Elgonneetigns are shown which omit the bumps 36 and use planar surfaces instead, This
enables more dense connections in a further sequence since the otherwise conventional bumps 36
are omitted. Thigspegcial faurief ihe.eanrpactionisEenyBatigRallcareduseadiby means@iibe so-called
"transient liquid phase (TLP)" bonding process. Here eutectic metal connections are formed in which a
first metal tiffusesdrdmdbe tiquid phasednto arseedndmdtalemndowitly the-tatterffomhs stable
intennetallic connections with a melting point which is above that of the first metal. Thus, bond
connectiembadimdye: implemented at a low temperature and later have a melting point which is above
the original bond temperature. This makes these connections especially suitable for the stacking of
several chip laydrsB3wbeipeRoTSists withahiht tHeesphestiems G‘F‘f)ﬁ!’é(%%];%%"r%%d plane are no
longer adversely affected. One typical example for this bond connection waquld be connections of

_ f le fo b
copper affd i B OS5 SSBMIEE Sheling é@@%@iﬁ%é@é’ﬁdhﬁ%ﬁwgﬁf 15 SR and tin,
and gold and indium. Thus, for example the bond,temperature for thjs copper-tin bond interface is for
example %767t %Wﬁﬁsﬁ %‘??{%ﬁ%‘p&l)@fé%d@’fé‘}’fa%@ﬁﬁg%et%ﬁiﬁlg“r?té?g%g‘l%%ﬁhﬁ of Afi2ast 415C. The
chips 30 and chip stacks 31 shown inprocess flows and H are fix or hermal process
by mean%oé¥e§1¢égsﬁ‘§3?" 36/?{53 %“2?&18% ic S{\}/?g%ﬁf())rr]"iiz:’ea ?%Fé% ih'the therr g%ﬁ%%%?’s%é?%%oducing the

permaneqetaiaRont: il examals e e.al blbeiayLRIprammEndRAeer aEL is possible

to produce the chip stacks 31 either chip layer 33 for chip layer 33 in several steps consisting of chip

placement andsa thermahpracgssioidormingiherarmanest hendntesfaceson st asiggle placement

step and a single thermal process sequence. The same also applies analogously to the process
sequencesfdaitdiBresist iR TurekRseqeneantia chifnstacksa3 i reioptionaliylunderfiled to achieve

an improved mechanical stability by means of underfill material. Alternatively it is also conceivable,
instead ofdhesishovecdesaiibeddenihatanyadhesiviejtonirsaa hyateimwwhichl sdmaisduagpermanent part
of the chip stack after completion of the thermal process for producing the metallic connections. In
The carrier 10 with support zone 11 is completed.
Then a base layer 20 is applied to this carrier 10 largely over the entire surface. In particular

the base layer 20 later becomes at least partially part of the hybrid wafer. In individual cases it 13

however also conceivable that this base layer is used at least in part only temporarily during the
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particular the material could again be a so-called no-flow.underfill material or other suitable material
from the group of aforementioned dielectrics. Hybrid bond interfaces consisting of a metallic contact
surface which are surrounded by a nonmetallic electrically insulating region are also conceivable. One
example for this would be metallic contact surfaces which are surrounded by silicon oxide. Here the
silicon oxide can also be used with the corresponding good quality to fix the chips at room temperature
by means of Van der Waals bonds which are converted later into a permanent bond connection by a
thermal process. In processes E and F the chips 30 are connected among one another by means

of suitablesmeathedsckbibexampie theyeaat he-tbeilithagrapbmethachasishowrvinembodiment F.
Again, materials and methods can be used as described above. In particular here the application of
the dielektiriel bymphatis refrepedyianbatinits sreiiitahidutd doepatotestfemipabitkenchipspand in order to be
able to planarize the significant topography which is formed by the chips 30. Embodiment E shows
a versionderlighictuslticastmeiepartaofaind oontrastithe’is s produde § B eans BPKire bonding.
These two versions E and F are intended to show the er_xibiIiW of the method and make it clear that
this inverdisHIS RRSKEERTeNi Bt anEsrREthGE WIRHEHRE S HIHEEBIE Faprearborste Bslurality of
connection technologies at the same time. After_comﬁfletinf% a(gg C ,nnectilr(%ns and gw? underfill

Bt un

process, e rEMSHRN RSO EFAs SRR ER L GHR X SORFYRE A GRBTERGESASOUR). 1t is used

t0 stabilize NG SREHRA I ASARINE NS GRS AR AGKEn cn IS EICCRIONSIE R STRRAMENt F In
which mgfgmg cgmpoun are omitted, as aresult of which especiatly thin and compact packages can

be aChieYz%%i' WQ %§ Qa@% SR épc%s%mﬁ These processes are conventional in the semiconductor

industry and known under the term "sacrificial layer". In order to be able to implement these
structures, depending on the configuration of these structures it can be advantageous if this base
layer consists of a photostructurable material. In this connection it can be understood as at least
90% of the support zone 11 with reduced adhesive thickness largely over the entire surface. In
optimized embodiments this surface is however at least 98% or is even more ideally larger than the
support zone 11, At a diameter of 300 mm of the round carrier 10 the adhesion zone 14 with high
adhesive force tynically has a ring width of > 0.5 mim, ideally > 1 mm and even still more ideally >
2 mm or > 4 mm.

In the case in which the base layer 20 covers a larger area than support zone 11, according
to embodiment F it is preferred if the carrier 10 has an offset 12 in the region of high adhesive
force. This offset 12 is filled with a fill material 13 before applying the base layer 20 unti! the fill
material 13 forms a flat carrier side 15 flush with the support zone 11. The fill material 13 is ideally
a material which can be selectively dissolved or removed later by controlled action from the
outside. These mechanisms for the action can be mechanical, optical and chemical methods or a

combination of these methods. For example, materials, especially plastics, couid be used which can
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thicknesses are selected to be correspondingly thin, and the dielectric materials have a corresponding
mechanical durability, this can be a mechanically very flexible (pliable) package of chip stacks 31
potted into a layer material 40 which corresponds to the material of the base layer 20, the chip stacks
being suitable in particular for special applications in which this flexibility is advantageous. For
example, they could be smart card applications or applications in which the package is to be mounted
on a bent surface. Following the potting step, the hybrid wafer 34 is detached from the carrier 10.
This is advantageously possible when the carrier 10 is made as described in embodiment IT In this
case firstdhedillvaicie iakidoihichis roadet ascsuithiniecahesiveais dissobdederS ulosggiently the hybrid
wafer 34 can be lifted off the carrier 10. This lifting advantageously takes place in such a manner that
either thexflexililityroé the Campiesito ahdhorobthBshylveidibwaternsafispeieicshits thamibiey lifting process is
started from a defined site, and a separating wave runs from the starting point over the entire surface
and ultiniatErseparaissiaisernyistRiswerepBaiTeoia thickspnde 1osBvdaneadberneisaparating wave must
run from the edge to the center of the carrier 10, In grder to promote ancUor initiat%the start of this

separatifgwARIE {LEAHBEeHemU AR h B B o o SR cHP e BTG 8Bt to be introduced

into the interface between the carrier 10 and hybrid wafer 34.. This could be for e le a wedge or a
cone or BIAHY" ﬁ’?&i&i tgdt “illé&\?fﬁﬁ 2 suita %C%g Léaﬁe%t%enc?éegrfé%%%cgi%g Ste. Agf?egiﬁﬁatively the

separaling prqcess could P tated. apdlor RAed b Means. oLWele Al aastycThe method

sequence In theé embodiment F is as follows according to Figurés 9FI to 9F7: In the process step

shown i g1 SEL1he.1ase. Y 20S BeRlss B ATl WiLs il kard yhich forms the

support zone he base layér 20 completely covers the support zone 11 and projects slightly over

it. The annularsactianrehithehase |ayer20nwhich:pieieaisRvesthgsuppeitzanrall sesiscon the
complete periphery of the base layer 20 on the adhesion zone 14 which has an adhesion force which

is strongefethabliifie adifiesion zone per unit of area by a factor of at least 3. Thus the base layer 20 is
held essentially solely in the adhesion zone 14.  Then, as shown in Figure 9F2, chips 30 on the side
of the base lay@h2bafadiygr Aayr:froavthel cithdebi Gere eipplied tothetdse fEyerPeiwitina pick and
place tool. On the side of the chips 30 which can be applied in several layers, which side faces away
from the iselstsdapess 20 s rrdietipardslsoraseip et ay BRSEPERE Gadu o ateirB 6PN By Eircuit paths
21 (see Figure 9F4) in the form of fan-out bonding structures, In the step shown in Figure 9F3, a
layer matéftal 40 which corresponds to the material of the base layer 20 is applied in blanket form to
the base layer 20, the

e bas lye 0, Ay Tl 460 e g appligin auch o poneras o
s RSB AIS\S gl Al bl el e ard o
litthrapl%Xn%%Qat%ru%ea, YBRR 1’69 (@&Wﬁ%@), SINR® from ShinEtsu Chemicals® or similar

products from Hitachi Chemicals or Sumitomo Bakelite, as well as polyimides, could be used here.

One skilled in the art knows these materials and can select them according to the requirements

which are defined by the final application and the production process flow. In one preferred

embodiment {A, B, C, D and H) conductor paths 21 for the required wiring levels of the chips 30

can be produced building on the base layer 20, This generally takes place by means of lithography

and additive processes. For example, the insulation between the individual conductors can be

produced with the aforementioned photosensitive dielectric materials while the metailic
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In the process step shown'in Figure 9F5, the fan-out bonding structures 21 provided for bonding of a
circuit board are routed out of the layer material 40, the terminals of the fan-out bonding structures 21
being provided with tenninal bumps 50 which are used for connection of the hybrid wafer 34 according
to Figure 9F7 to a corresponding circuit board. I n the step shown in Figures 9F6 the carrier 10
has been removed from the base layer 20 essentially by action on the adhesion zone 14 in the above
described manner. Figure 9F7 shows an isolated chip stack 31 in which a likewise isolated base
part 26 of the base layer 20 is used as a carrier, Figures 1001 to 10011 show production according
to embodimentiéas dde-tirstinett og stapsacearntingdo dbguiachQfdcairespends: todheniathod step
according to Figure 9F1, in the same manner as the method steps shown in Figures IA, 1B, IC, ID and
1E.  Ifetheitmethbdistgpiag)showniinEigerard 002¢@i pivdtortraskdogriomiithodraphyttreztment is
arranged aligned over the base layer 20 and the base layer 20 is exposed in the method step
accordingiettigie arpstusavanthy trnipHowsindskapoducethwhishagiobe arah&exisdedd @posure sites
27 of the base layer 20 according to Figure 1004 chips 30 are built up into chip layers 31 via contact

pads 22 PeRfFigH et Taribsmas Grihe whipchrge 7 dsalngt e areat-amdamrmst BiEtk&Chips 30 to one
e s Bl 0, i Dt sopaccoing o Fguz 1008, hips 0
alignment means can be omitted; this leads to much more exact alignment of the chips 30,
In one alternative embodiment G the base layer 20 is simply exposed and after exposure is
subjected to a heating process ("post exposure bake"). This sequence leads to the exposed sites
being chemically interlinked in the case of a negative resist, and thus being insoluble to the
developer liquid, while the unexposed sites remain soluble. For a positive resist it behaves exactly
the opposite: The exposed sites remain poorly soluble. Here it should be noted for the sake of
completeness that most dielectric materials have the behavior of a negative resist. Then
interconmection layers can be built up directly on the base layer 20 which has already been exposed
analogously to processes A, B, C, D and H or chips 30 are placed directly on the base layer 20. In
this case it can be an advantage to apply the chips 30 before heating of the exposed dielectric, and
later to advantageously use the crosslinking process also to obtain a permanent adhesive connection
{bond connection) between the chips 30 and the dielectric material of the base layer 20
{embodiment G),
Another alternative embodiment (process flow F according to Figures 9F1 1o 9F7) calis for
the chips 30 to be cemented only on the base layer 20. This can take place with the aid of an
additional adhesive or using possible adhesive properties of the correspondingly chosen materiai of

the base layer 20. It is conceivable as claimed in the invention that the chips 30 are cemented by



- In the process step according to Figure 1006 the carrier 10 is removed analogously to Figure 956 and
in the method step according to Figure 1007 the hybrid wafer 34 is placed on its head, therefore
reversed. In the method step according to Figure 1008, the exposure sites 27 of the base layer 20
are exposed, especially by etching, whereupon in the method step according to Figure 1009 the circuit
paths 21 are formed in the exposure sites 27 which have been revealed. In the method step
according to Figure IOGIO terminal bumps 50 are bonded to the circuit paths 21 for connection of the
chip stacks 31 to the circuit board. In the method step according to Figure 10011 the chip stacks 31 of
the hybrideaafef Bb-asbedstitatesth adhésithergspadiallytrefersed enthddinbrititaecddding to Figures
11HI to 11H9 the base layer 20 according to Figure 11H1 is applied analogously to the method
accordindgjtedEiglaea@iliwite tddifferencectiiat thecalsiehtd in the:adipesionzone:ttid, therefore
following the support zone 11, has an offset 12 which springs back relative to the carrier side 15, more
or less féﬂﬁ%Yah%Yﬁ@]Ri@haB@W@tﬁ’érm@ﬂﬁ?@%t@ glpptiat ot dcaxeiépyLOcthRcbfset 12 is filled with
an adhesively actlng fill material 13 so that the fill material 13 is made flush with the support zone 11.
The basE' RSt asH %‘éﬁ’t‘ﬁ%ﬁlﬁﬁly on the fill material 13 in a ring section of the top of the fill

material 13. T mat I 13 thus forms the adhesio zone 4 at least in he method step
Recoring to FIIHE LT T ESHeAnbie B LB AIEE SLESTAIRG P GuIE SEFteHBhament D)
which th‘éh?oélgc‘fc%‘?{ &%‘&Sa;%elfé‘nr%%éh%%“ RMeNLMAKSAR ARad e Raes V8L Ry

means of current chip-to-wafer bonding methods, typically the chips 30 being fixed beforchand by

means of a temporary adhesive and only later a permanent bond being formed in a reflow process.

The embodiments A and B in this connection represent one version with bumps 36 in which the

chips are fixed by means of a flux or no-flow underfill. Only after all chips 30 are placed on the

base layer 20 does the carrier 10 with a plurality of chips 30 fixed beforehand pess through a

thermal process ("reflow process") in which the bumps 36 and the contact pads 22 are soldered to

one another. Here the flux ensures that oxddation of the contact surfaces does not oceur during

heating. Alfernatively a so-called no-flow underfill can assume the same function and remains later

a permanent part of the bond interface between the chips 30 and thus provides for improved

mechanical stability. Thus the no-flow underfill saves the later underfilling of gaps between the

chips 30 (shown in process A and B). When using these no-flow underfill materials it is also often

necessary to apply pressure to the chips during the thermal process; this takes place advantageously

by means of a pressure plate which can apply pressure simultaneously to ali chips located on the

carrier.

Inn the embodiments C, D and H connections are shown which omit the bumps 36 and use

planar surfaces instead. This enables more dense connections in a further sequence since the
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The method step according to Figure 11H3 corresponds to the method step according to Figure 3D in
which the contact pads 22 are applied to the base layer 20 at the contact sites conductor paths 21
which form the fan-out bonding structures at the same time. The method step according to Figure
11H4 corresponds to the method step according to Figure 4D in which the chip stacks 31 are formed
by stacking of chips 30 in four chip layers 33. The chips 30 of the chip layers 33 are interconnected by
ISVs and the contacts which connect the respective TSVs. In the method step according to Figure
11H5 which corresponds to the method step according to Figure 5D the chip stacks 31 are potted by
layer matdriait0 comiive onathodpstépeaccortdiagliosFigurd it tohthefilkrnatesisdrhdrisarethoved by the
corresponding solvent which acts selectively relative to the fill material 13 so that in the following
method stepraetbrdisepse Fimueckiipy testatdenidohian B Basipdetactisestidns gwetiibrid wafer 34.
In the method step according to Figure 11148 terminal bumps 50 are bonded on the base layer 20 with
the corrd8pBhehrtyimeet Steeditmdidhn st ssmbeSatidivra detiid My SRS $EUKE isolated in the

method step accordjng to Figure Il H . s
megl and mq[ the ?aﬂ;e]g %Elmns stagfe intermetallic connections with a melting point which is above

that of the first metal. Thus, bend connections can be implemented at a low temperature and Jater
have a melting point which is above the original bond temperature. This makes these connections
especially suitable for the stacking of several chip layers 33 of chips 30, since with them the
connections of the already bonded plane are no longer adversely affected. One typical example for
this bond connection would be connections of copper and tin. But other possibilities would aiso be
copper and indium, gold and tin, nickel and tin, and gold and indium. Thus, for example the bond
temperature for this copper-tin bond interface is for example 270 to 280°C while the completed
interface has a temperature stability of at least 415°C. The chips 30 and chip stacks 31 shown in
process flows C, D, and H are fixed before the thermal process by means of a temporary adhesive
which vaporizes later in the thermal process for producing the permanent metallic bond. For
exampie the use of bibenzyl is recommended here. Here it is possible to produce the chip stacks 31
either chip layer 33 for chip layer 33 in several steps consisting of chip placement and a thermal
process for forming the permanent bond interfaces or of a single placement step and a single
thermal process sequence. The same aiso applies analogously to the process sequences A and B.
In a further sequence, the chip stacks 31 are optionally underfilled to achieve an improved
mechanical stability by means of underfill material, Alternatively it is also conceivable, instead of
the above described temporary adhesive, to use a material which remains a permanent part of the

chip stack after completion of the thermal process for producing the metallic connections. In



Reference number list 10carrier 11support zone 12offset 13fill matérial 14adhesion zone

particular the material could again be a so-called no-flow underfill material or other suitable
material from the group of aforementioned dielectrics. Hybrid bond interfaces consisting of a
metallic contact surface which are surrounded by a nonmetatlic electrically insulating region are
also conceivable. One example for this would be metaltlic contact surfaces which are surrounded by
silicon oxide, Here the silicon oxide can also be used with the corresponding good quality to fix the
chips at room temperature by means of Van der Waals bonds which are converted later intc &
permanent bond connection by a thermal process.

In processes B and F the chips 30 are connected among one ancther by means of suitable
methods. For example they can be the lithography method as shown in embodiment F. Again,
materials and methods can be used as described above. In particular here the application of the
dielectrics by means of spray coating is suitable to be able to embed the chips, and in order to be
able to planarize the significant topography which is formed by the chips 30.

Embodiment E shows a version in which at least one part of the connections is also
produced by means of wire bonding.

These two versions E and F are intended to show the flexibility of the method and make it
clear that this invention is an extremely versatile method which makes it possible to incorporate a
plurality of connection technologies at the same time.

After completing any connections and the underfill process, the remaining free spaces are
filled with a potting compound (melding compound). It is used to stabilize and especially to enlarge
the chips/chip stacks,

The exception here is embodiment F in which molding compounds are omitted, as a result

of which especially thin and compact packages can be achieved. When in this case the chip
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15carrier side 16side edge 17stage 18contact surface 19fill layer 20base Iayér 21conductor paths
22contact pads

thicknesses are selected to be correspondingly thin, and the dielectric materials have a
corresponding mechanical durability, this can be a mechanically very flexible (pliable) package of
chip stacks 31 potted into a layer material 40 which corresponds to the material of the base layer 20,
the chip stacks being suitable in particular for special applications in which this flexibility s
advantageous. For example, they could be smart card applications or applications in which the
package is to be mounted on a bent surface.

Following the potting step, the hybrid wafer 34 is detached from the carrier 10. This is
advantageously possible when the carrier 10 is made as deseribed in embediment H. In this case
first the fill material 13 which is made as suitable adhesive is dissolved. Subsequently the hybrid
wafer 34 can be lifted off the carnier 10. This lifting advantageously takes place in such a manner
that either the flexibility of the carrier 10 and/or of the hybrid wafer 34 is used such that the lifting
process is started from a defined site, and a separating wave runs from the starting point over the
entire surface and uitimately separates the hybrid wafer 34 from the carrer 10. But af least the
separating wave must run from the edge to the center of the carrier 10, In order to promote and/or
initiate the start of this separating wave it can be helpfui and necessary for a mechanical separating
element to be introduced into the interface between the carrier 10 and hybrid wafer 34, This could
be for example a wedge or a cone or blade. A tensioned wire with a suitable cross section is also
conceivable, Alternatively the separating process could be initiated and/or supported by means of
water or gas et.

The method sequence in the embodiment F 1s as follows according to Figures 9F1 to 9F7:

In the process step shown in Figure 9F1 the base layer 20 is applied to the carrier 10 withits

fill layer 19 which forms the support zone 11. The base layer 20 completely covers the support zone



24chip side 25alignment marks 26base parts 27exposure sites 30chips 31chip stacks 32chip stack
edge 33chip layer

11 and projects slightly over it. The annular section of the base layer 20 which projects over the
support zone 11 rests on the complete periphery of the base layer 20 on the adhesion zone 14 which
has an adhesion force which is stronger than the adhesion zone per unit of area by a factor of at least
3. Thus the base layer 20 is held essentially solely in the adhesion zone 14.

Then, as shown in Figure 9F2, chips 30 on the side of the base layer 20 facing away from
the carrier 10 are applied to the base layer 20 with a pick and place tool, On the side of the chips 30
which can be applied in several layers, which side faces away from the base laver 20, contact pads
22 are applied which are used for later bonding by circuit paths 21 (see Figure 9F4) in the form of
fan-out bonding structures.

In the step shown in Figure 9F3, a layer material 40 which corresponds te the material of the
base layer 20 is applied m blanket form to the base layer 20, the layer material 40 being made
during application such that it penetrates into the fiee spaces which have been formed between the
chip stacks 31 without bubble formation.

In the process step shown in Figure SF4, circuit paths 21 are built up especially in lavers and
are formed for bonding of the contact pads 22 and/or adjacent chips 390. The circuit paths can be
produced by lithography steps or by a stamping method.

In the process step shown in Figure 9F3, the fan-out bonding structures 21 provided for
bonding of a circuit board are routed out of the layer material 40, the terminals of the fan-out
bonding structures 21 being provided with terminal bumps 50 which are used for connection of the
hybrid wafer 34 according to Figure 9F7 to a corresponding circuit board.

In the step shown in Figures 976 the carrier 10 has been remaoved {rom the base layer 20

essentially by action on the adhesion zone 14 in the above described manner.
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34hybrid wafer 35hybrid wafer edge 36bumps 37chip edge 38chip alignment marks 40layer material
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Figure OF7 shows an isolated chip stack 31 in which a likewise isolated base part 26 of the
base layer 20 is used as a carrier,

Figures 10G1 to 10G11 show production according to embodiment G. The first method step
according to Figure 10G1 corresponds to the method step according to Figure 9F1, in the same
maner as the method steps shown in Figures 1A, 1B, 1C, (D and 1E.

In the method step as shown in Figure 10G2, a photomask 50 for lithography treatment is
arranged aligned over the base layer 20 and the base layer 20 is exposed in the method step
according to Figure 10G3 through the photomask 90.

In the region of the exposed exposure sites 27 of the base layer 20 according to Figure 10G4
chips 30 are built up info chip layers 31 via contact pads 22, chip alignment marks 38 on the chip
edge 37 being used for alignment of the chips 30 to one another and to the base layer 20.

I the method step according to Figure 10GS, the chips 30 are potted with a layer material
4( aver the entire surface on the base {ayer 20.

In the process step according to Figure 10G6 the carrier 10 is removed analogously 1o
Figure 9F6 and in the method step according to Figure 10G7 the hybrid wafer 34 is placed on its
head, therefore reversed.

In the method step according to Figure 10G8, the exposure sites 27 of the base layer 20 are
exposed, especially by etching, whereupon in the method step according to Figure 10G9 the civcuit
paths 21 are formed in the exposure sites 27 which have beeri revealed.

In the method step according to Figure 10G10 termunal bumps 50 are bonded to the circuit
paths 21 for connection of the chip stacks 31 to the circuit board.

In the method step according to Figure 10G11 the chip stacks 31 of the hybrid wafer 31 are
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“90photomask Claims 1. Method for producing chip stacks (31) with the following method sequence:
applying a base layer (20) to one carrier side (15) of a carrier (10) which on its carrier side (15) is
provided with an adhesively acting adhesion zone (14) and a less adhesively acting support zone (11),
the base layer (20) being applied largely over the entire surface at least to the support zone (11),
building up the chip stacks (31) on the base layer (20), detaching the carrier (10) from the base layer
(20). 2. Method as claimed in Claim 1, wherein on the carrier side (15) in the adhesion zone (14)
there is a selectively soluble fill material (13), especially on an offset (12) which has been set back
relative ®pt#edearrier side (15), preferably superficially flush toward the carrier side (15). 3. Method

as claimed in Claim 1, wherein the base layer (20) is applied to the support zone (11) over the entire
surface and at e8¢ ARG e heRedsir2oh agpujing to Figures [LHL to 1IHY the base layer

20 according to Figure 11H]1 is applied analogously to the method according to Figure 9F1 with the
difference that the carrier 10 in the adhesion zone 14, therefore following the support zone 11, has
an offset 12 which springs back relative to the carrier side 15, more or less forms a shoulder. Before
the base layer 20 is applied to the carrier 10, the offset 12 is filled with an adhesively acting fil}
material 13 so that the fill material 13 is made flush with the support zone 11. The base layer 20
rests at least partially on the fill material 13 in a ring section of the top of the fill material 13. The
fill material 13 thus forms the adhesion zone 14 at least in part.

The method step according to Figure 11H2 corresponds to the method step accordmng to
Figure 2D (embodiment [3) in which the conductor paths 21 and the alignment marks 25 are made
in the base layer 20.

The method step according to Figure 11H3 corresponds to the method step according to
Figure 3D in which the contact pads 22 are applied to the base layer 20 at the contact sites fo the
conductor paths 21 which form the fan-out bonding structures at the same time.

The method step according to Figure 1 1H4 corresponds to the method step according to
Figure 4D in which the chip staclks 31 are formed by stacking of chips 30 in four chip layers 33.
The chips 30 of the chip layers 33 are interconnected by TSVs and the contacts which connect the
respective TSVs,

In the method step according to Figure 11HS5 which corresponds to the method step
according to Figure 5D the chip stacks 31 are potted by layer material 40,

In the method step according to Figare 1116, the fill material 13 is removed by the
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4. Method as claimed in Claim 1, wherein the chip stacks (31) are separated before detachment of the
carrier (10), especially by cutting, so that the chip stacks (31) are only still connected to the carrier
(20). 5. Method as claimed in Claim 1, wherein the material which forms the base layer (20) is
flexible. 6. Method as claimed in Claim 1, wherein especially before building up the chip stacks
(31) fan-out bonding structures (21) are made in the base layer (20). 7. Method as claimed in
Claim 6 wherein before building up the chip stacks (31) on one chip side (24) facing away from the
carrier side (15) contact pads (22) for electrical bonding of the chip stacks (31) with the fan-out
bondingestrertenésy Sy ate AisbInsts. selecBvara sy &8 %ﬁﬁéﬂafﬁ”@lléﬁﬁ%ﬂ‘%ﬁéﬁl@ﬁoﬂ%%% or during the
build-up of the chip stacks %l espeC|a at the same time with the introduction of the fan-out bonding
structurd@ o0 S ApsRTTEE ]6111?1 B e e (SR LR [ e, E rk’ {7 Biscement of the
contact pads (22) and/or the chip stacks (31) on the base layer (20), especially flush with one edge
(32) of t & chip stacks (31), in/fon the base layer (20). 9. Method as claimed in Claim 1 herein the

chip stacks (31) e cSmane dtecil, e DRRRIRIGL (3Q) R ONHIN oty Mpthod as claimed
clal \W

in one of the preced~n g upt stacks (3 and before detaching the
carrier (%%M% aﬂkptﬁé%ehéa%ﬁd@&gt&m&%é@r@fe%% iab{#Q) whighreorresponds especially to the

material of the base layer (
The chip stacks 31 are isolated in the method step according to Figure [1HS.
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Method as claimed in Claim 1 or 2, wherein the carrier (10) is detached from one side edge of the
carrier (10), especially by reducing the adhesion force of the adhesion layer (14), preferably by
selective dissolution of the fill material (13). 12. Method as claimed in one of the preceding claims,
wherein the base parts (26) of the base layer (20) form one part of each chip stack (31). 13. Method
for producing chip stacks (31) with the following method sequence: applying a base layer (20) to one
carrier side (15) of a carrier (10) which on its carrier side (15) is provided with an adhesively acting
adhesion zone (14, the base layer (20) being applied over the entire surface to the adhesion zone
(14), and one contact surface of the adhesiomezonenl4)isvith the base layer (20) before application of
the base layer (20) being subjected to surface modification, building up the chip stacks (31) on the
base lay&t (20kadesaching the canier (10) from the base layer (20). 14, Carrier (10) which is
provided on one carrier side (15) with an adhesively acting adhesion zone (14) and a less adhesively
acting support $5HE(IYYE a base layer (20) being applicable largely over the entire surface at least to
the suppart zone (11), and on the carrier side (15) in the adhesion zone (14) there being a selectively
soluble flifmaté %?5(13), especially on an offset (12) which is set back relative to the carrier side (15),
preferabll)g sup%fli%gg%gjush with the carrier side (15). :

14 adhesion zone
15 carrier side

16 side edge

17 stage

18 contact surface
19 fill layer

20 base layer

21 conductor paths
22 coniact pads

24 chip side

25 alignment marks
26 base parts

27 eXposure sites
30 chips

31 chip stacks

32 chip stack edge

33 chip layer
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hybrid wafer edge
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chip edge

chip alignment marks
layer material
terminal bumps

photomask
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Claims

1. Method for producing chip stacks (31) with the following method sequence:

- applying a base layer (20) to one carrier side (15) of a carrier (10} which on its carrier side
(15) is provided with an adhesively acting adhesion zone (14) and a less adhesively acting
support zone {11), the base layer (20) being applied largely over the entire surface at least to
the support zone {11),

- building up the chip stacks (31) on the base layer (20),

- detaching the carrier {10} from the base layer (20).

2. Method as claimed in Claim 1, wherein on the carrier side (15) in the adhesion zone (14)
there is a selectively soluble fill material {13}, especially on an offset (12) which has been set back
relative to the carrier side (15), preferably superficially flush toward the carrier side (15).

3. Method as claimed in Claim 1, wherein the base layer {20} is applied to the support zone
{11) over the entive sarface and at least partially to the adhesion zone (143,

4. Method as claimed in Claim 1, wherein the chip stacks (31) are separated before
detachment of the carrier (10), espectally by cutting, so that the chip stacks (31) are only still

connected to the carrier (10).

5. Method as claimed in Claim 1, wherein the material which forms the base layer (20) is

flexible,

6. Method as claimed in Claim 1, wherein especially before building up the chip stacks (31)

fan-out bonding structures (21) are made in the base layer (20).



7. Method as claimed in Claim 6, wherein before building up the chip stacks (31) on one
chip side (24) facing away from the carrier side (15) contact pads (22) for electrical bonding of'the
chip stacks {31) with the fan-out bonding structures (21) are applied.

8. Method as claimed in Claim 6, wherein before or during the build-up of the chip stacks
(31), especially at the same time with the introduction of the fan-out bonding structures (21) as
claimed in Claim 6, there are alignment marks (25) for positioning/ placement of the contact pads
{22) and/or the chip stacks (31} on the base layer (20), especially flush with one edge (32) of the
chip stacks (31), infon the base layer (20).

8, Method as claimed in Claim 1, wherein the chip stacks (31} are cemented directly on the
base layer (20) by bonding.

10. Method as claimed in one of the preceding claims, wherein after building up the chip
stacks (31) and before detaching the carrier (10) the chip stacks are potied with a layer material (40)
which corresponds especially to the material of the base layer (20).

11, Method as claimed in Cladm 1 or 2, wherein the carrier {10) is detached from one side
edge of the carrier (10}, especially by reducing the adhesion force of the adhesion layer (14),
preferably by selective dissolution of the fill material (13).

12. Method as claimed in one of the preceding claims, wherein the base parts (26) of the
base layer (20) form one part of each chip stack (31).

13. Method for producing chip stacks (31) with the following method sequence:
- applying a base layer (20) to one carrier side (15) of a carrier (10) which on its carrier side

(15} is provided with an adhesively acting adhesion zone (14, the base layer (20) being

applied over the entire surface to the adhesion zone (14}, and one contact surface of the



adhesion zone (14) with the base layer (20) before application of the base layer (20) being
subiected to surface medification,
- building up the chip stacks (31) on the base layer (20),
- detaching the carrier (10) from the base layer (20).
14. Carrier (10} which is provided on one carrier side (15) with an adhesively acting
" adhesion zone (14} and a less adhesively acting support zone (11), a base layer (20) being
applicable largely over the entire surface at least to the support zone (11), and on the carrier side
(15) in the adhesion zone (14) there being a selectively soluble fill material (13), especially on an

offset (12) which is set back relative to the carrier side (15), preferably superficially flush with the

carrier side (15).



