Description Title of Invention: APPARATUS AND METHOD FOR PROCESSI NG A
SUBSTRATE [ 1] Sone substrates, when placed in a vacuum display out-gassing
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matter may contam nate the processing equi pnent and al so portions of the
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[ 51eW.B_(enbedded wafer-| evel ball grid array) technol ogy.can match the
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connect Tons. foeR bt BARRAS I e RO By 1R o BEVELE oty
package. An &afiedledaiger dige i recassardar the chipsdprpsiaprdey tosjupesip allpf the 2 wWo
2011/ 061695PCdA12&2010/ 055226 [ 6] However, inprovenents to apparatus and

et hc)d?4]f or prSC())?neeSg/i)&gofsp%c Satglinagt, Sl?chtars],at}tlat disclosed in US 7,009,288, use a rewiring

substrate in the form of pre-fabricated rewiring board onto which the semiconductor
chip is mounted before being electrically connected to the rewiring substrate by bond
wires or solder balls, for example. The semiconductor chip and the electrical con-
nections are usually embedded in a plastic composition which forms the housing of the
package and protects the semiconductor chip and the electrical connections from the
environment.

[5] eWLB (embedded wafer-level ball grid array) technology can match the package to
the space required for the balls irrespective of the size of the actual chip, which means
packages that are barely any larger than the silicon chip itself. This type of packaging
may be provided by first embedding a plurality of semiconductor chips in a plastic
housing composition to form a composite wafer and then afterwards depositing a
rewiring structure on the composite wafer to provide the electrical connections from
the chip contact pads to external contact pads of the package. An example of such a
method is disclosed in US 7,202,107.



di spl ay out-gassing, such as a conposite wafer, are desirable. 1171A nethod
of processing a substrate that displays out-gassing when placed in a vacuum
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[11] The difference between T1 and T2 may be at least 100K. T1 may be 150°C and T2
may be 20°C, for example.

[12] In a further embodiment, the substrate is maintained at a temperature of T2 or less
during the further processing of the substrate.

[13] The further processing of the substrate may comprise one or more of etching the
substrate and depositing one or more metal layers onto the substrate.

[14] The substrate that displays out-gassing when placed in a vacuum may have many
forms. In a first embodiment, the substrate is a semiconductor wafer comprising a layer
of organic material. The organic material may comprise a polyimide layer arranged on
the front surface of the semiconductor wafer. The semiconductor wafer may be a
silicon wafer.

[15] In further embodiments, at least portions of one or more of the front side and the rear
side of the substrate comprise organic material. The substrate may be formed from

organic material. In one embodiment, the substrate is a composite wafer that comprises
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pi tch. bias may be applied to a chuck supporting the panel. This can aid in the deposition of a
homogeneous metal layer onto a bowed substrate.

[22] To reduce contamination from the rear side of the composite wafer during processing
of the front side of the composite wafer, a sealing metal layer may be deposited on the
rear side of the panel before depositing the first metal layer on the front side of the
panel. This sealing metal layer can also acts as a suitable surface onto which an ad-
ditional heat spreader can be mounted.

[23] In embodiments in which the substrate is a composite wafer,

[24] the first metal layer may be subsequently structured to provide one or more of a
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now be descr 'sQl?s‘E'raYM i l?o&e‘i’%df&/gﬂ ‘?-%étéa fh&ﬁrﬁﬁﬁﬁ@ﬂﬁ“ﬂie%t %ﬂ&m@g@m&&%ﬂ figure 1
illustrates a Fan-Qu strate o osiI t
performed within a conventional cluster type multl—statlon processing system as the in

bound airlock is also used for out-gassing. The normal production rate can be
maintained and no separate equipment outside of the processing apparatus is required
to perform a part, or all, of the out-gassing process.

[29] The means for cooling the substrate may be a cryogenic chuck comprising a heater
element. This enables the temperature of the substrate to be controlled over a larger
temperature range.

[30] The out-gassing stations and the processing stations may comprise receiving pins



[36] Figure 2a illustrates a bunping paftern [37] Figure 2b illustrates a
schemati c cross-sectional view of a panel according to a first enbodi nent,
[ 38] Fi guwe 2Bti/Gehdast rates a schematic cross-section vi @@TAB20a0/pHEABI
according to a second enbodinment, [39] Figure 3 illustrates an out-gassing
treatment of a conposite wafer, [40] Figure 4 illustrates an etching
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of a first netal
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Figure 6 il gstulatmsvinpe fabri cat lon of a conposite wafer, [44] Figure 7
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di agram of a typica res as anal y ectrum substrate
after degass |Cﬁ@1Pf1§€‘4f6T01iin@B ut@eggteir lgﬂﬁi@@tli’r EpBey AP fjf)@ilrfhwutétratypﬂ@a PreRe(s

(residual ga%aﬁhagé YiEdohtarRB&t TR vRYVLR sulst rate after deQaSS| ng, [47]
Fi gure é% il rates bef ore and aftg{ ﬂge[ g 48] Fi re 11 i } Bstrates a
conpar ilsehn UBMYEISEFRdpgRags g aiopandior fhersubsed e‘%}é’tr‘?“(? NG Bh types
of substrat esombﬁﬁh] a Fasgineefod the ishpplg of atygpenao dieatdtioatahy en RIFgamenguspigtoa W t h
endpoi nt  det eﬁ 8 the second out- -gassing station. These features enable in-situ cleaning to be
performed.
[33] The first out-gassing station may be the in-bound airlock of a cluster-type multi-

station processing apparatus.

[34] Embodiments will now be described with reference to the accompanying drawings.

[35] Figure 1 illustrates a Fan-Out molded substrate or composite wafer

[36] Figure 2a illustrates a bumping pattern

[37] Figure 2b illustrates a schematic cross-sectional view of a panel according to a first
embodiment,

[38] Figure 2c¢ illustrates a schematic cross-section view of a panel according to a second
embodiment,

[39] Figure 3 illustrates an out-gassing treatment of a composite wafer,

[40] Figure 4 illustrates an etching treatment of a composite wafer,

[41] Figure Sa illustrates the deposition of a first metal layer onto the composite wafer,

[42] Figure 5b illustrates the deposition of a second metal layer onto the composite wafer,

[43] Figure 6 illustrates the fabrication of a composite wafer,

[44] Figure 7 illustrates substrate bow of a composite wafer,

[45] Figure 8 illustrates a diagram of a typical RGA (residual gas analyzer) Spectrum of
eWLB substrate after degassing,

[46] Figure 9 illustrates a diagram of a typical RGA (residual gas analyzer) Spectrum of
eWLB substrate after degassing,

[47] Figure 10 illustrates before and after degas,

[48] Figure 11 illustrates a comparison UBM Flow,

[49] Figure 12 illustrates various deformation types of substrates,

[50] Figure 13 illustrates a qualitative cleaning cycle with endpoint detection,

[51] Figure 14 illustrates a standard packaging apparatus cluster layout,

[52] Figure 15 illustrates a qualitative overview of temperature and out-gassing for a
standard comparison process,

[53] Figure 16 illustrates a qualitative overview of temperature and out-gassing according

to an embodiment,



[51] Figure 14 illustrates a standard pgackagi ng apparatus cluster |ayout,
[52] Figure 15 illustrates a qualitative overview of tenperature and

out - gassiwg 2baroeas9st andar d conpari son process, [53] Fi gece/gdiobisaztrates a
qualitative overview of tenperature and out-gassing according to an

enbodi mrent, 6 WO 2011/ 061695PCT/ 1B2010/ 055226 [54] Figure 17 illustrates a
FOUP spe4i fi catipae 1d ﬁmymﬁ@s @\Bﬂlﬂlaspiacilﬂc'fahoﬁr VRwigad ikl with IWIFtegtures, 18
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i |l ustiatles a Figot 1Qikustiaewlitogracd frosss mongdremppmoows®nng, [ 58] Figure 21
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[60] Figure 23 illustrates a FOUP suitable for bowed substrate,

] Figure 24 illustrates a Front end 4-axis robot with TWP hardware,

] Figure 25 illustrates an aligner with large area chuck,

] Figure 26 illustrates a Maintenance Material Buffer,

] Figure 27 illustrates a CLN300 Airlock Degassing Unit,

[65] Figure 28 illustrates 300mm TWP vacuum End-Effector,

] Figure 29 illustrates a cryogenic chuck assembly,

] Figure 30 illustrates control ranges of cryogenic chucks, and

] Figure 31 illustrates different types of substrates.

] This application describes the apparatus and method design considerations for
processing substrates which show extended levels of organic or other out-gassing and
the implementation of these for single wafer, high purity equipment.

[70] The substrate may be a semiconductor wafer comprising a layer of organic material
such as a polyimide layer. The substrate may also be partly formed from the organic
material. The following embodiments are described with reference to a substrate in the
form of a composite wafer. The composite wafer comprises a plurality of semi-
conductor chips embedded in a common plastic compound such as a molding
compound. A composite wafer may be used for the high volume manufacturing of
eWLB FanOut products.

[71] FanOut or Fan-out is a measure of the ability of a logic gate output, implemented
electronically, to drive a number of inputs of other logic gates of the same type. In
most designs, logic gates are connected together to form more complex circuits, and it
is common for one logic gate output to be connected to several logic gate inputs. The
technology used to implement logic gates usually allows gate inputs to be wired
directly together with no additional interfacing circuitry required.

[72] Die: A die in the context of integrated circuits is a small block of semiconducting
material, on which a given functional circuit is fabricated. Typically, integrated circuits
are produced in large batches on a single wafer of electronic-grade silicon (EGS)
through processes such as photolithography. The wafer is cut (“diced”) into many
pieces, each containing one copy of the circuit. Each of these pieces is called a die.

[73] FOUP is an acronym for Front Opening Unified Pod. It is a specialized plastic
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[76] TWP is the acronym for Thin Wafer Processing

[77] ICP is the acronym for Inductively Coupled Plasma. An inductively coupled plasma
(ICP) is a type of plasma source in which the energy is supplied by electrical currents
which are produced by electromagnetic induction, that is, by time-varying magnetic
fields.

[78] The concepts and evaluation described in this document refer to Oerlikon Clusterline
processing equipment used for processing a panel comprising a plurality of semi-
conductor chips embedded in an organic compound such as a plastic composition. One
or more metal layers are deposited onto such a panel to provide a rewiring structure
from the chip contact pads to the component contacts pads which may be positioned on
the organic compound. This panel is singulated to produced a plurality of packages is
also referred to as embedded wafer level ball grid array (eWLB) packages. The
concepts are described in detail for processing of substrates with embedded die tech-
nologies but can also be applied more generally for any substrate that shows extensive
out-gassing. The applicability and functionality however is not limited to a specific
processing equipment, but can be usefully applied to other type of equipment.

[79] eWLB or Fanout substrates are composite substrates where semiconductor dies are

embedded in organic compound molds. The technology enables to increase contact
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WO 2011/ 061695PCT/ 1B2010/ 055226 of the gemn conductor chip 3' are not
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substrate at a low temperature.
[92] This method is illustrated in Figures 3 to 5 for the fabrication of a panel 1 from a
composite wafer 13. The composite wafer 13 includes a plurality of semiconductor
chips 2 embedded in a plastic housing composition 3 such that the active surface 4 of

the semiconductor chips 2 is generally coplanar with a major surface 6 of the plastic
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t herefore, tgt con(?jlgct pads 5 cone into contact with the adhesive
layer 21. Af P%ﬁ@@é 1aS “°PHE°%i de faces 22 and rear face 23 of the

sem cor@lct or Io lalspbseaucan@r@nb@dﬂzjmdiustmtai indfipon 4pthas:h1pocdntnct'5pa'dg dcoerposi ti on

3. Subsequent,| : e renmoved
to forma co%p‘%g?(%]g? %gr&F%sa%]édll 2%atg(prrléltat Egg acc gl%\%aliso&g%émg@g

above- descri @Meaﬂrﬂﬁé@ﬁfw@ﬁ%mr@éyml@@a@aﬁf?ed out using apparatus as descrl bed
bel ow. [§402] S&!ﬂ%b%vﬁﬁisea% it Qlusheed af Piofe b, & PININORIA19a 021 61s QpoSWER b eRENt

several chall f or aut omat ed_ hi g vacyumtools. [103] The
subst rat es t &It AOHER &R BLLE; RP%%BW“%‘EOI%BP&HW RS T TR Of GETY 00
substrate di aordietor ciipen? amﬂameﬂthe ohid cbhatt [ids #ac éorasa tlbbadshétak lageri 16 dni gur e
Z)l a-('l':g:jsl :?]O\év gseas#gttac%%ﬁom{f% 1te W %grt trl“g esugsgléna}t%rggesaésfalgooc r%%(? %%lagaatem—
properties agetahira TRaTlks Bist m@mwm Lawmey ke titpavitedifiengsa phyieat yhpawdrdeeal bow,

eW.B substr at, ?étlél@ﬂ%’ﬂﬁﬁ%&ﬂ %a.‘{ a&@t\é{_m%{ycﬁm gs inplications for both wafer
handllng and for substrate tion durin ?FOCESSIH
The rewiring structure 7 may comprise a multilayer structtire. In this embodiment, il-

lustrated in figure 5b, a second metal layer 17 and, optionally, further metal layers is
deposited on the first metal layer 16. The first metal layer 15 and the second and
further metal layers, if present, may be deposited as a closed layer that is subsequently
structured to produce a plurality of conductor tracks 8.

[100] The fabrication of the composite wafer 13 is illustrated in figure 6. Firstly, a support
substrate 20 is provided and an adhesive layer 21 is deposited on one side of this

support substrate 20. A plurality of semiconductor chips 2 are then arranged in rows



[ 104] The substrates show excessive outygassi ng especially when heated.

Figures 8 and 9 illustrate a residual gas anal yzer spectrum of a | ow nass
scan of awbeatiediesafer and a peak trace of a cold and hearas2mwubistréat e. The
out - gassi ng spectrum of a heated and al ready punped wafer still shows

pronounced evaporation of water and hydrocarbon fragnments. [105] Conparing
measur enent s a6d celirthad de thedidbeyidd Riysr 2 dothainie WetiveQuifaq@ol yil tit derfiRatidutghrs how

sonewhat hi gher peaks,(The tj an fiaqur for _the organi erials,
o enet g Cgies PSS CE e Eip i Fafie S ot Sudr 0 fe FRASEG U at o
with only a dayel R1.chitermialilst theniderfares R and oat favg 23 Tithe sehsonidndbcetips2 t he
fol | owi ng. §) t- i / tr I i L nt |
h ghor hen acantdiefir s AARRORBIAR foullns OhBostiBi! ShiFspchus BPLIMEAM |V |
front and baékaitgee fandrdhevsiayet’d asommavsdtefam a gmpngite yatesildg and need
to be gomgi dergd h@hofLRbAIMNREdre Db GRMULOOE-desthibsd SnbbBRRA rhdyd dahged

standard processi.ng of silicon wafers. [107] The eWB or conposite wafers
al so conpri s QWA 2RAAFALH a&?é]ﬁé‘?r%hegg’emen the substrate is placed into a
vaccum[1()i s \faibetrateain thafidd o arboaiporiad waler of e Whe preenbeeanchakengsfponent s
of the corrposirtC% s‘{‘r’?fﬁrautsfﬁjﬁgdﬁs tvgguu(r:rp{O%lScont act pads. Figure 10 shows the
difference i h behawv oro roomg{lerrpera ure and heated (150C) substrates in
t he sarn&0dhanbléhe.supstG8ls taiietorsbomekegspize v wr ©r examplaswira thand nah feadmm
signi ficant |y, pas met?f]%eﬂ%éa%eégﬁ faﬂ#%ﬁ‘h&%%@ﬁﬁgﬂrﬁﬁﬂﬁ%ﬁ@&% KA QR

Conmpared to standard silicon rers, ow no effect “on the Eeak
traces at rodaiuralpeese when thepubstiatesagpdmmhand grepiaced i agandardROUdnce

E Ee cg ggo?i It g’h}é@ﬁl%h?te@rsgo\b Eﬁﬁiﬁﬁl r%e@h@fbmbmb%ﬁiets Q@s gﬁ@ ?ﬁf@ﬂ_ﬂdﬁ\/@%iﬁleﬁ th%’ﬂﬁr e
en -T0 1.Nn er cKgr.oun € opserved. Nl ) nor e en a
15°00 2011/ 0BHES5RCN THIDTORIRED SAISH DR Stor eoEdde e TANTAANS i th
accept abl e qpétations émcbosipweftr hjullldp ahd éor soblsteaad Bxhtiontdatingpesssiims show t hat
the Wat[?(ﬁzyf]par Rl Bl BRI YN Ew R AGRES o -gé&in?éééé% iaﬂp%&qen hidg! F%%:ﬂ%%'tanc?ﬁe
percent 0 typlcaP process pressures for the contact clean. I's may have
adver se ef f ecliustiaie aegidunl glas analysfer spestrommtadowghasancan[of plieated wadidianid on,

substrates S'fb@é{lé eldtaS o R HeaRl sUBGYe. ‘THQB@{’J%_@%& Qﬁbcﬁ{lmt(ﬁeq RaRe%ad das
during sputtering of caorrosive materials like Titaniumare |ikely to show

very hi gh | epbf&dygrungedederditidl shews REONPREGEH e PR Afarader anghiydrogaipon| so
seriously af feemehfle quality of the contact. For silicon substrates, this
out-gassing eftect wll subside onc rtain material .1hickness, has been
depos: 10001 ForC B snssUemen G ol 8 Pedisd e, Pty Wi etk PERTRE e
Si lgce t he oFmogawhng sofmephet lsphstpeatsgdhe tipmimﬁbgmsS)‘fomme_tcbrgarﬁauiasdrtats, of the
substrate. : - t N Jrasqrﬂc : e
post ul at ed f(:l)-[élcg %ﬁ“g @%ﬁgeoﬁeéaﬁﬁ%zsnlﬁgl.ni}g&s‘ueftgs)ﬁgésg{n,g%ﬁ% r oqgt?atbt%gjgth\%ﬁm Ppl ay a
role in the emeHicsrirfpuigen frpia the eontivkehiib RGO anbcadss thbollgasi ted fil ms whi ch
may | eqagpd|o poel dt-GRtHeQhicQft cOANS 3¢stibiddld stighifiéalqllg]?i@egaﬁhffomﬁd@fﬂ nants
show one pr orf)oimg_gig addi ti gnal ne%v&)ﬁbehaﬁ; %{] e ﬁPg t%qr} ture of the
cont ami nant s FODhERE copiedafes-FoneMd<b pubstrates.ipofthisonyiand backsils; nt to
form | arger pobsaerdontritbteouthesutviasding xiid ssedlty bl coidideagabior porasainagsn These
new y forned nat eirirﬁ.l Sitend (L o ccqtlmdl at e in.the r.eact or O reactors in
CONMO 18 different from thé Standard processing of silicon wafers
use, heavy deposits can D observed on “dor d e ss’ esp‘gm ally when | ocated
downst Hé@f of Tthee WlBSmeompesedefehelspunmpripd wafr Whehefperstes gfhen tiese
deposits on LHRAIACBRSed Hud®LadGin, FRRWieHHRY R cohifhi FibAGE gRLHhRBeY acuUM

quality is in sone cases extrenme. Base %gessure eve ) tinmes
hi gher t hen @8¢ RRFOTRRAAEN O HetosrnoyisgWaiatsyeiny the chigiconfagppslstigwrtPenel y

| ong punp- dowRowethi AitFerafdeah bERIvIRIrT 2GS teditséritireA e £88 €H0°C haubspaed fnl ed
base pressures of clea £qui pment can never be achi eved and continues to

deteri orat e. e same chamber.
[108] The room temperature out-gassing is already significantly present, showing a 10-fold

increase in water background. Compared to standard silicon wafers, which show no
effect on the peak traces at room temperature, this is significant.
[109] In addition, once the composite wafers are heated to about 120 to 150°C, an increase

of more then 10%-fold in water background may be observed. This is much more then a



[115] A second effect is that these depgsits generally severely affect the
adhesi on of etched filnms on the reactor vessel and conponents. This nmay

| ead to awoebavmi@d formati on of particles, which nmay i rCraBmié/eses t he
frequent change of cleaning parts and extensive cleaning procedures for the
equi prent. [116] Therefore, organic contam nants, albeit not directly

adver se to t RenPIACeSS rod&&}/ca&ﬁ%ﬂ%h&ﬁtldﬁ&é%@ﬁl@ qhblletyaqwsmnt availability

and 17] , The effect ed her re experigences

aui AUl unrisdhdEib e e Ral b Sat ShEiaf by D et R efRy T0.
anal ysi s, t hitsnbay.péhiofls abolisthe peesnsifoypind gpev@bseprossganifar thetogagsiaag. i n
conparison t ted that the
eqm) pment deqr ag%lf%l/ %%{Qfa?%&rrsgat Sttt %%@glqggﬂp%g%ﬁ%ceoﬁaf ﬁﬁlgiﬁ{r}lg eWB in
product i b, 111& EécilFlﬁnasS@hWCyﬁ Shpwmgftblsla@wmtyﬁ WIRH eoatdnginatir of thmpioggsseW. B
substrates Xs 8&inglspuMBi 031000 Bkt {alBARI O MARRR 2R 1TRely ﬁ%h@Q veY high

nodi fyi ng st r ocessi n met hods .| n one_or of th IIovm ng ways.
[119] The ind frpgdﬁfqea Helotip feag e wbéﬂfa%%hlégm OéSHB‘é%ilé%f?

adapt ati ons f{goalithef fendhiaog Fsy&he(m suSlsﬂMté@lthlﬂeﬁthﬂ’sﬁﬁg bﬁedtlvﬁﬂeubﬁmbrfcem thin
waf er handl i ng_.net hods e us 120. m nation [ d by

t he substrat egrlt%ln e H‘a%:iglr%sr%s‘% %n rouéihou]{ C\&ﬂLe Cﬁ)rrné)élst%wa (r)rsuesilr%tr%pl e by
t her mal nanaglasremmaﬂvd apumdrsincatheamy e sof the 2distrgien dencomeafromathe on can

only be m ni g, %e%%éﬁ%%s&ﬂ@' etely avoi ded, neasures may be inpl enented
to deal with t accunul ation of residuals in the equi pnent so as to reduce

mai nt endhde t |S*(@1131‘n‘%fchﬁﬁcaﬁéa%@e pregd Gentpminatiep spiz be payulpted fIIg¥UH SPBer at i ons

Sre alt I dbase?arﬁlﬂaﬁs 1135,@)?%%11 hﬁ@@dﬁﬂ@n@%ﬂ@h@rd @le 1amﬁ1et He@fi ‘isotfth@té\tcﬁs N
epicte I N e | Z | ONn r 0OCess ow
o e S one: leaiE 20 of B R0t ied S woBbahal Ead i Aol Phireheloopfihy, e
material is akiey. froma SEM standard FOUP (SEM El. 9 1106 and SEM

E47. 1- b t e i C ner
Co posttian ¢ K BPLRERIRRk SuOR Mk NhouHEL AT AR Al R ol A6 Hc b
substrat e i s nawyved tharentaminghis @icfk: quaatu\hspﬂmestreacmnethaplaamednvmmqmgtq hi s

phase, the t enmelaRldlhelyderic Mol URS WA @Xt@dﬁhfgﬁ%ﬁo eésﬁfcg eARRdned 1§y the
next step, the substrate is heated under vacuum and subsequently noved

to an I CP et éwm,e&ﬁ{l%tertlal&reééﬁ%aCC&ﬁwlaé%%thsreap% Qhgettar 1B HeEHery degpsitshe

metal stack. chh B@bﬂ)s}érvefdhﬁ dUbstiateetiall romed 1edied downagsunot the plaghaan
airl ock and EOSI ed back into the FOUP. I n case the substrate needs

cool ing, thi Rt he out put airlock. [124] Figure 12 illustrates
vari ouglidipes Tofe eﬁabtscbfrthca;e depaitrat itlonprodese or it ygt knowSEMowkDEO 1 the 30@ct drhe

waf er warp ofyd v*HcﬁJfr?%@ﬁht?% il ﬂi’?ﬁe‘ QlesShaEhd BRel s §s§uﬁe ff@veisgg% 38t g,qgar d

handl|ng equi pnent nospheri c an V&CUUW\ er transfter an rocess

station har dwegher then permaihaye bresi dhprdied. Nawady . dhistaads spesdiefedalong aﬁqii@ss of
substrates. TB@nGREHEIJURS thah@WiaNes BndPin BARNTQWR sﬁétbﬁéd Bls8prafided be

expected bow warp of 300mm eW.B wafers, requir.e ecl ment adaptations to
deal with su€ aPSﬂBBmFB‘i“é‘PéIﬁX CORNRAEEINIBEP YRR IFFHPAESS. [ 125] One
ot her app]i catA momeffecthgauhgethém @paﬁ&%@naﬁlly h@zewai effedt ltiad AabsSowOLEtLhddS 1N

thin wafer pr cessm uctlonln
rony et on FTRESE itteactl ot ERANENAENhR HES InaS O BMed Grale] sBIESS ok O1

thin wafers andictesr Wb.lCh arqyen pantforbas@cfrmenth:éalﬁmf ddagingrpasts ahd ﬁxtenswe

substrates tepdni,@ ?(ll%%r%é’kdrriﬁéécﬁlgﬂm w. That neans, the substrates show a
| ar ge def ormati on :E ong one axis parallel to the substrate surface, but are

ext remdliolr i gildhessiores pragnis coMgmAIN SoplReit nasdiEctyAdEerieso dlRePiOgest Haay
I nconpr essi biséveidty abcrb i@ thd yffigthértAaiMmMIIRY bl performance.

[117] The effects described here are experiences with equipment running polyimide coated
wafers. As shown by out-gassing analysis, this type of substrates show moderate
organic out-gassing in comparison to eWLB substrates. It can therefore be expected
that the equipment degradation is greatly accelerated when running eWLB in
production.

[118] In summary, the following implications of running eWLB substrates may be



[126] eWDB substrates are made out of gmterials with very different
properties. Therefore, this substrate defornati on does not depend on the
axi s and weformatiodsn al ong one axis 14 WO 2011/ 061695PETTABRAANV0F0E5226
does not influence deformation along other axis. So, these substrates can
show many different shapes. Any processing equi pnent should be able to deal
with these dinifigitenby sfodFemg stahddild prodesdihy methods fgoret i rhdrajoe teGdbNowingough
the equi pnent, the substrate will present itself to the equi pnent at many
different tenNpfératures and filmstress levels. It can therefore be assuned
t hat t hélYef orfetunderioid fidueess ubht salbseracaran bhangpedhatedry adhptaporsae st ng

cycle. This i t : i t : : I

i nsensitive '?1 gﬁ#lﬂlggg%t?ﬁasﬁglgagg%aéﬁg?ﬁethg%b%'? ?gﬁéﬁh%%ﬁﬁéﬂéﬁ%gafﬁ rance
on these sub®emsdes influences the design of the follow ng subsystens in a
C ustenizge proeesalaRindtRalgendrddlby ot @nd isHRbRdN cdiftiotled throtdieabiny t he
nost critical corg?nent S H)g,e it has to transCLgr t.he deforned and randomy
orientated sHHECHatELXPRP (Befmab mappgemenh PR RYNKIRE AEARREMGEESN two ot her
def or mgt2 JubstSiatea®ntaminatfcldan oasset hmimivbe asdihstdoatipietslhapeidadnémiiieon
confinement | ct.s the design and the end .effectar. ich,should safely

ol d the- subdibare Pl itEio eyt bRanERRu SnES @un it Gitnf REMRRaR PR o
defines the notdidoee nrajeetarynoind mereaghpbdudtondévels, since the substrate
def or mpijn | ”@%@éoﬂsﬁl%&ﬁoh&é@%ﬁ%%?&i&ﬁa %Qﬁ%ﬁ&*ﬁé&@l&a i ﬁlh%ﬁhl HAFrbdeLn of the
substrate’in the FOUP, the mapﬁ]: ngﬂjﬁlstems oul acgc,rmp at e these

t ol er ances whiomeasdepictedgaifiggreabl for UB M =eiidey by imgtpllizagigps g peocess flovs| ot
position in thebEedRidelcb3R]a cHapadihispioadse ot gner: The substrate aligner
shoul d capabl e to safely haol.d the.subs e i i 1] T | j.gne

optt calTSyst ednatibbw’ Bssutentis akdtndrenot date DU STMnE Pa Tahdoshe o
focus duri ng SEMIcE4Y.1-ul06) Hyldlimbsyhatic andliog tspatém And lisogks=d ddatnhaligheéd tocks

need to be C%BQBLE {h%fqolgcglg 'ditgg?ﬁgén%%\%"f?%%%'@%%feﬁlﬁsrheh ] Al YRGUI ROt -

Aside fromthe Initial defornal ‘Substradte, e vacuumrobot will
have to cope inpteh aglaskamyihivd istsgpecuefedt Rerisg dus plase thestempkeratuFlof theneans

that the robgfyend &) a8y be QY Le D MR ExI ﬁéﬁ@ﬁé §db¥@at¥‘ﬁistﬁ'éafeﬁ§ﬁ@§11hi§1?
waf er shape. The design of "the end effector should also take into_account

that sone of VeRRINppLRdsepenty mp¥edPAndPrigh gamtageelgancs aad pgvgrl £y D
tenper at ure gpgitdr eRAbAt Wrehd Myl datl. Pitlly Tinekelsaae, is hitved berorahcaent act of

the end effector to the wafer houlg %e i Eb{&;j %13?11 Process station

nar dvar e ¢ nd GBS SEEY BBV RES PP ROE BRan 58 weSERBedhe rom

t he end ef f ectoling, ghoislddnald heofitput givlb€k.ci ent t ol erance on verti cal

pl acemgipsand Pﬁéﬂg' 9 AU ted G a Ul Gl Sy B AU B 3G g@%@%&?&tﬁMf—o move

under ﬁatﬂ a_pl ce& \}\/EL;Ser - [ %@4 > %g er ]éesnsél’qu]g‘ @g/st ens: rs sensing

systenms whi cMUEe03Wethperaieicwprpr djidatesodelpmeatingbouldiop leshéreall0sm: o handl e

def or med subgdiahRhaa8lihPEhiffedt 6 AnBketic 8h@PRuufm WhttPrhfiertal prReges of

the sensing s%/s,te Usi ng eatlg{ffs, | i ke di sgl Fent . sew% based on edge

detection mayLRBWHEY BCS apimi i il Sl areisisd o ALBP- 5dture

that the subgtheaterminei @otvivadrpios 200min«OVEB sWhiteres 200 shengxpdane bow/vwep bi cal

edge detecti B0 RY eWi% wafers require equipment adaptations to deal with such large tolerances
on wafer substrate flatness.

[125] One other application where large tolerances on the wafer flatness occur is in thin
wafer processing. This technology is well know and is in production in many
Clusterline tools. However, the methods applied to successfully handle thin wafers are
for a large part based on the fact the crystalline substrates tend to show cylindrical
bow. That means, the substrates show a large deformation along one axis parallel to the
substrate surface, but are extremely rigid and flat along any other axis. This is due to
the incompressibility of the crystalline material.

[126] eWLB substrates are made out of materials with very different properties. Therefore,

this substrate deformation does not depend on the axis and deformation along one axis



WO 2011/ 061695PCT/ 1B2010/ 055226 show i ppossible to use since the vertical
position of the wafer edge is not very well defined. 11351The general

appr oach wonotiesiésandl i ng system for conposite wafers i ®CTilB2dIen55226 t hat
used for thin wafer processing for many years. Instead of trying to force a
shape on the substrate, the handling system should be designed to be very
tolerant to tdoes wehiffleate akgf)ﬁﬁamhiaqxshgqfthérmelsss@&hésatsebstpa&dichlilqniwmn in

[ ta.thi f th th d
argor and i el ahiRest Sy hAFeSE g el S wif Ty B8 h&fﬁ%ﬁ%ﬁg{f@gwﬁ‘n’dl e
al | possi bl esbgfear mations. If this is the case, the limtations of the

handl i E@z'ﬁySt %eﬁ@o%ﬁn s Qﬁ@%&%%@ﬁgﬁ %teqﬂg?%ﬁ%i_lf_ﬁeﬁfbis{rgtg%ﬂ fﬁt%ell?‘?o rade

for th apet ranc e "su rate re are several aspects
to the procedly eyipppens o iBary disierent Lnprritegs shbiling strss Rk H@a@alemi@ﬁerbg t he

definition ofysduiRIRRAGRSS GG dIRL Sraicubdhife asR@ahSe ditly thePRRE&ssIHEyLR. OF
chal | enges a out - gassi n t her nal t?]ééget and shape tol erance. Each aspect

requires speéf%f% REAEONE HEFASRNT o DEAEHCBEaPE G HeEbHESTHEVB IO eSS ow
t hrough the thgle.of Sswabgener al consi der at i ons for certai n equi pnent
functl are .@as follo 113 1Te raLur Subst r at es h organic
content 2a i el s SRRLRLE s T ABR bl BT Fes.
As a rule, thebwmpsnma@ﬂlgt@hntthm@smgpe@ of substrate is not allowed to
rise a ar gy, boBYHRAS HrdHbl th RN RRIA Wi diBY: SHRTBORS kD Gans:
substrg%ﬁand sﬁﬁ gqg) Oavo e? bn ﬁfﬁso rea§on only s tstems gﬁouﬁ?ﬂs %r

used whi ch pﬂwecﬁ@ﬁ&é@@ééw%ﬁﬁ@%@fﬁﬂ suksgiates &) andjpt Oémﬁrﬁen@neq WAEE heat i ng
may be used, bbiiech fRo atetaéfolBEPaIbALMELINAERBUHSadeltd, THGibs@tel hapSaast r at e

and the environment, .so tenperat contr rove diffi c
o ho oF e LRt TRt h JereL g ER AL ]&Plé‘&“%‘?&fﬁlythﬁgd
substrate. | thenapstxee pasisanyitt chapeolhet deeiga wib sher aidefidutor defirsd clie mbE@S .

561 acm Coe S rn e U b AL B g

depl oyed duri roces Ol ' al l ows the
cool i ng el ené@i@ran@f:sw@ébe @crt@altveﬁwe}mSUm dhéheowbstiaie mrathie M%éh@mamng

tenperature Qifstérﬁ%hédl@%&Jo%rﬁédatelt%@%]t\é\ﬁhﬁ{cesc@ﬁﬁg§t111 ﬂaﬁ g E18ARNsSig har the
chucks depend veré he. process re- qui rerrents In case "a proper and

uni f or m cont 48Rstia t?ﬁél%WGERO%W@S(FQQS required, e.g. when using RF or
t her mal[13mupl img, Suuahleatwlﬁgfer %&@bﬁfmﬁlcgnbﬁslﬂﬁﬁplﬁee&hphﬂe&@@f@l?lllﬁ)l@ thdhe only

way to do this is by ne cally forci.ng the fe uck. ver,
B case of PNV RSROn nir st g Sl e B PRG Vith AR Bl e TR
guar antee pr qurrruahngrdmﬂtofﬁcfcusdblsmgascanamd chuck When the contact of the

waf er t[%’3 fhe “ﬂ? Eg{.')% ﬁir‘f‘&ké TSt QoS nd20Q6 B8 BafaBRSH M Endlide defoldflt €r to
avoi d the ‘cont a
substrates
[132] Vacuum Robot: Aside from the initial deformation of the substrate, the vacuum robot

will have to cope with a changing shape of the substrate as well. This means that the
robot end effector should be very insensitive with respect to wafer shape. The design
of the end effector should also take into account that some of the processes in the
system may be very sensitive to temperature and temperature fluctuations. Therefore,
the thermal contact of the end effector to the wafer should be minimized.

[133] Process station hardware: the substrate receiving pins, which take over the substrate
from the end effector, should allow for sufficient tolerance on vertical placement and
should provide sufficient room for the end effector to move underneath a placed wafer.

[134] Wafer Sensing Systems: Wafers sensing systems which use the vertical project of the
wafer will be able to handle deformed substrates as long as the project shape is with
the tolerances of the sensing system. Using features like displacement sensing based on
edge detection may show to be difficult since the system can no longer assume that the

substrate projection is a circle. Wafer sensing done on vertical edge detection may



11401Substrate cl anping: For standard silicon wafers, electrostatic

cl anpi ng may be used. However, since the nolded substrates are electrically
i nsul ati /yotzhags1@sanps can not be used unl ess a conducPCTaBiG10/03523
deposited on the backside of the substrate. This usually limts the
selection to nmechanical clanping in which case the front side of the 16 WO
2011/ 061695PEHsv: BRPINTHIERARE smuddenattral pssitdusibdwared eddiek @ol erpwell
significant rifsplﬁ%p sticking to the clanp when "soft"” polyimde Is used as
a top coatin§"Herefore, clanps should be able to handl e wafer sticking.
[141] V&3Uum pliepiengal Spneachdoiuthe bamiling sgeemer gonfpiagite aafrunissiniarvotiati | e
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process ste contam nating properties use of the
process noni ﬁ@b“@?@ﬁ@ﬁépmﬁﬁ@t ector for the process is favorable. Since
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m ni m zed. Theirements. rleaswra preperant ewmeprm hentpete hel chpq:lesstwce is rgquired, e.g.
when using RF or thermal coupling, the wafer shape should be adapted to the chuck.
The only way to do this is by mechanically forcing the wafer on the chuck. However,
in case of upward bow of the substrate, edge clamping will still not guarantee proper
alignment of substrate and chuck. When the contact of the wafer to the chuck is not
required out of process reasons, it is better to avoid the contact altogether.
[140] Substrate clamping: For standard silicon wafers, electrostatic clamping may be used.
However, since the molded substrates are electrically insulating these clamps can not
be used unless a conductive film is deposited on the backside of the substrate. This

usually limits the selection to mechanical clamping in which case the front side of the
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accept abl e c%ugtbgn for the process equi pnent is nmaintained. Especially
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in the syst emnadslezef}oromepkeimrqotolryﬂﬁeve a\apbanngﬁomﬁ@rmhtsa}omﬂ& s)ﬂ@strate which
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next process step with repeatable contaminating properties, the use of the process

monitor as endpoint detector for the process is favorable. Since the degassing station
will mainly see high water and organic pressures, proper pumping systems for these
species should be installed. The added support of gas-drag schemes, e.g. Nitrogen
flushing, can be considered as well.

[146] ICP Contact clean module: where in the previous process stations the temperature of
the substrate is driven as high as possible to enhance out-gassing, in the etch station

this out-gassing should be minimized. The main reason is to lower the partial pressure
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di d not prove to be an jssue [160] The equi prent uses_ a nodul e
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t hat t. [161]. Th
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tenperature and pressure curve rocess flowis given in figure 16.
In a crude form, removal of solid remdues is done by opening the process chambers

and cleaning or replacing components. This is a common practice and is acceptable as
long the interval after which this periodic maintenance needs to be performed is similar
to maintenance tasks on the rest of the equipment.

[151] Furthermore, these maintenance tasks should assure that a stable and acceptable
condition for the process equipment is maintained. Especially with solid residues de-
positing anywhere in the vacuum chamber, this may prove very difficult to achieve.

[152] Most of the solid residues in the system are formed by polymerization of material



[164] This process did yield the desiregg contact and film properties but
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entir eI[¥60] The equipment uses a module degasser with heated chuck and an ICP chamber

without temperature control on the substrate. All metal films are deposited
“clampless”, which also means that no temperature control is present.

[161] The process sequence in this equipment is the standard degas - etch - metallization -
cooling used for many years for packaging applications.

[162] Initially, the substrates were processed with the standard UBM (under bump metal-



[175] The approach used here to deal wygh the contam nation in the case of
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the tenper at GERapls, REWEhRE apd pairienngss phnudd bmimaroygdefor pp sgongpically yadlgeen
deposi ted topeafuctiessiuhsirate. [185] The figure above |eads, in very rough

tli t f | t ted Fi i t FOUP
Poaded Wit s ielF 47 SEownt Bt HRlENsRstiHeh %ﬁéﬁﬁ%ﬁ%ﬁég-%ﬁr G The
subst r at es atlenpraterontthgiideges, some hiendtattvas haveahaeh pokin th'mclwringut gassed and

| ed t whi ch
cool e [g@f‘e g@ﬁ%ﬁ&ﬁﬁ&mﬁh tﬂlgﬁgﬁre]cﬁpeveg%%?ke & Gr%%r ﬁaﬁﬁﬂﬁ WeGrdg Wni ch a

st eady out - gassi n strates re t en further
processed by sheitigtesn etcrréflqubwaﬂéfrmercawr@ fugrnithe aippeiéasint B theedsaetia, itis i s

deposited ontgyly fﬂrﬁkmw%ehe Whief s 1beed m@aﬁaﬁfemmuﬁng@rmh@édqa ,thdsee
substrates arevvar}rﬁ l%%@éld re ved fromthe a ratu 186£ cording to
t Jraiera \E)

t hi s nethod, 4%SP %%éliﬂyc 5 eneier ofhrse § PO@ ei%l 4P 111to t he
m ni mum  but thechadliaptdlabndes bethengaei, e. a steady state at a tenperature Ti
in whi E6§ he ciucthc 5 SI @9 i %r[eearwelx da& ()C%se td%ré” dist donS t?le%e% Xl(gnhgf HI ffusion

rate. ¥lsunPHSHET I 5 MRUEH muousﬁly pr oducEs has “ah ¢ ®nt i nuousl y
punped. Howevebstratguetsnbiteteswilf beecappor by dreoof tam doltnaﬁb@re thedreightiohat i on

do not contrigy Ho3 '1Q&at:ﬂ1§ attidey h@ tﬁék%b%’%}'e gﬁ%ﬁ?ﬁ%n s@éﬁ/s%ﬁﬁﬁ BHEN hﬂﬁlts
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to be at the right level to be supported by such features. In case a substrate shows
cylindrical downwards bow, the placement of the substrate will lead to a collision with
these feature. These have to be removed from the cassette.

[171] All remaining handling features in the equipment should be located in the hatched



[187] The follow ng sections describe ggitable configurations for each
station of the apparatus. [188] The FOUP station itself does not require
nodi fi catworzoovwesiesdsne used for silicon wafers. However, PChaBR@QURSseasSet t e
is probably not conpatible with deformed substrates. It may be unavoi dabl e
to renove the two rear support features. [189] As shown in figure 23,
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wafers are rrﬁm%ﬁh%ilé@m@mlﬁtﬁ%mt@qeﬁ%e Wﬁawrm cated in f| gure 17. The
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show t he degass Fhsertioonsuni r 00 er airlock.
This unit al lobiwmeoWithemibecantivagys pigsend 180 0EJuTiepneioab itanadi rdtbe posiejassi ng,

this unit Sh%{hg\,eb@leggl@fdogféhﬁﬁlatloﬂl:le%glebln addition to the heater, a new
m)dlflcatlon to the p g}esystemls required to i.nplenment the process
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t he hi gh vacdeim (turbo-isolation) valve in the systemto prevent the

I nter m[i'}(ﬁnt Vﬁlr(l,tsluﬁgce con%ammacljtlon i§ femoved as completely as possible by increasing the
temperature of the substrate while purging and pumping the vacuum. This method may
establish a steady state of contamination background determined by the diffusion of the
bulk contamination.

[177] The temperature of the substrate is then rapidly lowered to lower the diffusion rate
and thereby the contamination background and keep this low contamination level until
the substrate has been capped by the first metal film.

[178] In order to determine the steady state of evaporation, the use of vacuum partial
pressure monitors may be beneficial and can remove dependencies of substrate quality.
Figure 19 shows a sample implementation of such a process monitor.

[179] In order to allow contamination containment and recovery, the equipment is
configured with Oxygen gas where possible and the appropriate software to enable the
automated maintenance services.

[180] Deploying the considerations outlined above and the implementing the concepts
outline above, a process tool can be configured that allows processing of eWLB or
otherwise contaminating substrates with acceptable process performance, throughput
and maintenance intervals. This section describes the equipment station conceptual
details.



[ 199] The process nonitor is inplemented to assure that the substrates
being allowed in the vacuum backend of the tool are all properly

out - gassew0 2bn/a®é t his can not be achieved with the alPCouBmdobisarm, the
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[186] According to this method, it is not necessary to lower the out-gassing rate down to
the minimum, but to establish a balance i.e. a steady state at a temperature T1 in which
the out-gassing rate will be determined solely by the diffusion rate. The substrate's bulk
continuously produces gas and it is continuously pumped. However, substrate surface
contamination and chamber contamination do not contribute significantly to the out-
gassing. By subsequently lowering the ambient temperature to T2, the diffusion rate is
lowered. This has the effect that the pump power is sufficient to guarantee a low level
overall contamination, although etching, metal deposition with additional working
gases takes place. Therefore the substrate is further processed at T2 until surface is
covered by a metal film so as to avoid raising the temperature which would again

increase the out-gassing rate.

[187] The following sections describe suitable configurations for each station of the
apparatus.
[188] The FOUP station itself does not require modification over one used for silicon

wafers. However, the FOUP cassette is probably not compatible with deformed
substrates. It may be unavoidable to remove the two rear support features.
[189] As shown in figure 23, appropriate FOUP cassettes are commercially available. A

proper selection should be made.



[210] Figure 30 illustrates the tenpeabsure range over which the
tenperature of the chuck can be controlled by using heating and/ or cooling.
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a change to a four axis robot.

[195] Figure 23 illustrates an aligner with a large area cheuck. The aligner is the only
system where the wafers are manipulated outside to the areas indicated in figure 17.
The aligner should be equipped with the large area thin wafer chuck.

[196] Some maintenance cycles, like target pre-sputtering or pasting procedures require the
use of maintenance materials. This material is only used by the AMS system and can
remain in the tool for extended periods. Figure 26 shows a front end implemented
buffer for six maintenance substrates.

[197] Fig 27 show the degasser insertion unit for the Brooks GX8000 transfer airlock. This
unit allow for temperatures up to 300°C. To enable airlock degassing, this unit should
be configured.

[198] In addition to the heater, a new modification to the pumping system is required to
implement the process monitor. The process monitor should be mounted on the
downstream side of the high vacuum (turbo-isolation) valve in the system to prevent
the intermittent venting of the device.

[199] The process monitor is implemented to assure that the substrates being allowed in the
vacuum backend of the tool are all properly out-gassed. In case this can not be
achieved with the allotted time, the substrates can be moved back to the cassette

without any processing for failure analysis.

[200] For wafer handling, the receiving pins in the airlock need to be configured for this
wafer handling.

[201] This airlock only requires the modifications to enable thin wafer handling

[202] Figure 28 shows a thin wafer vacuum end effector. The transfer robot needs to be

configured with such units.
[203] The degas module is one of the more critical modules in this application. To enable

the module with the advanced capabilities required, the following additions to a



[ 222] A cryogeni ¢ chuck which, dependipg on the requirements of the
subsequent processing, may be clanped wth backsi de gas or clanpless. The
backsi de waouvawi@si on all ows for a nore rel axed constr @CHtIBENO/HIsR26 | e
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thls temperature until the first metal deposition is done.

[210] Figure 30 illustrates the tempeatrure range over which the temperature of the chuck
can be controlled by using heating and/or cooling.

[211] In addition, the etch module is typically the process station in which most organic ac-
cumulation occurs. Periodic self cleaning of the module based on reactant gas com-

positions is required to maintain an appropriate condition in the module.

[212] In order to enable these functions, the following aspects can configured as follows.

[213] The cryogenic chuck as shown in figure 29 with quartz clamping components.

[214] An oxygen line in the gas box for in situ cleaning.

[215] A process monitor.

[216] Advanced plasma containment shield to localize the organic deposits to areas which
can be properly cleaned.

[217] Appropriate software and hardware to allow the adaptation of the reactor pump

opening during processing.
[218] The substrate receiving pins should be of TWP type (4-sided arrangement).
[219] Full AMS capabilities in the software to allow module priming, post process cleanup,

targeted cleanup based on module state criteria and period priming/cleaning during idle
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chanical clamp.

[223] For clampless (recessed) chucks, the backside out-gassing of the watfer may pose a
problem. In case the out-gassing shows an adverse effect on the deposited film, the
conduction from the wafer to the pump can be improved by specific formation of the
chuck top.

[224] The low deposition temperatures will lead to a modified stress in the deposited metal
film. This can be countered by using pulsed DC sputtering or, in case more com-
pressive films need to be made, RF bias on the chuck.

[225] The substrate receiving pins may be of TWP type (4-sided arrangement)

[226] Since the contamination source is capped by the metal 1 layer, further measures to
handle the contamination may be omitted. Only in cases where the backside out-
gassing affects the metal film quality, can similar measures as for the metal 1
clampless arrangement be implemented.

[227] To the supporting units which normally accompany a CLN300I1, a chiller unit should
be added capable of reaching the required low temperatures. The effluent of this unit
should be distributed to the client chuck via a distribution system.

[228] In summary, the following software capabilities may be implemented; full
Automated Maintenance Services and coupling of wafer sequences in different
modules.

[229] The measures described for contamination control and recovery are generally ap-
plicable to all substrates that show excessive out-gassing. Even standard Polyimide
coated silicon wafers could be processed with much better quality and much lower
maintenance efforts then is the case in standard equipment. To implement such
measures in existing equipment, deployment of AMS and in situ cleaning may be used.
Depending on the results for eWLB substrates of the cryogenic processes, the method
may also be implemented on existing equipment.

[230] Figure 31 illustrates a substrate 30 in the form of a semiconductor wafer 31 with a
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material (3). The t ﬁ ﬁ‘r‘ﬁh?@% 1 e of t%c)ll ailms 11 tgl 8, t%urther
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[ aim 101The nmet hod according to one of clains 1 to 9, further conprising
nonitoring the gaseous matter renoved fromthe substrate (1) and
identifying presence of one or nore of the conpounds CO2, H20, C stly.

[Claim 111 The nmethod according to one of clains 1 to 10, further
conprising, before depositing the first nmetal |ayer (16), carrying out a
cleaning treatnent at a tenperature T2. [C aim 121The net hod according to
claim1l, wherein the cleaning treatnent is an etching treatnent.



[ aim131The nmethod according to claipyll or 12, further conprising
actively cooling the substrate (1) during the cleaning treatnent. [Claim
141The newbeadiizweesdi ng to one of clains 1 to 13, furtheCTaBmo/HIIY
actively cooling the substrate (1) during deposition of the first netal

| ayer (16). [C aim 151The net hod accordi ng to one of clains 1 to 14,

further conprising de- positing a scﬁﬁg | ayer (17) on the first
netal |ayer (16) and, optionally, a taI | ayer on the second netal

| ayer (&¥km 1§C ai m 161T[Q%1ém;dhgq)r@&§§ﬁ§ihg,g)sg@teqm)e of claims 1 to 15,
further corrpr|5| ng de- positing seal I Tayer (43) on_ the rear side

of the substrate (1) bef8rdingepy ?tf%t‘h@)tﬂl*?édfsnp b OHEashing JPeP PltRY vh t he
flront side of the S;JbSt\faatuﬁn,( 1). [Caim 171At Lret ho?hozI p][ oduci n? aln _ .
el ectroni ¢ conponent, cg m n e nmethod of one of clains

to 16, and singulating R %én%%ﬁgg?%taé @i 15" P'8duce one or nore electronic
C(r)mrrpggegts theI el 1(_'actro;n:u‘ﬁornn11mgpacn. nmgg;ssmgmﬂasrhﬂgbahsdhigﬁbnthraw (d:hioEalz(Z)
enbedded in a plastic

positioned on at |east Ctg 9113#11% 22 asen% con %atso(?t%csctﬁln&gﬁ%%gﬁehi AV rgtp% astic
conposition (3). [C ai rﬁuhgﬁ%ﬁ@ﬁaﬂaﬂh@ePé?g%ﬁﬁ@éé%tgﬂ%@t@’ff&]@ﬂﬁsll}’rtéﬁ élft%)on of

conpri sing two out - gassh@gubitrades @Bstamithtidh ah@ Bk cQRBtALOLQSRIVNGtShaL | on,
wherein a first out-gassin ab g ri s(%s an airlock conprising neans
for heating the substr esngs_fslbhs (gIaB @gg”% toring sensor, the airlock
bei ng coupled to an evaowaﬁng)mesmp@mmreatosﬁempdam Tga‘swhi&g tisd ditfugion

conprises means for ar%l{e the &b?t&*ﬁé& c%gmm%%l%% 18\"&91'04th Foﬁf tioned to purge

a back side of the sub cond
out - gassi ng station belfngh@mllmeéiing dleanb%mﬂé@t@mwwmreiﬂdmtﬂ the

substrate (1) has been covered with a film comprising a metal (16).

[Claim 2] The method according to claim 1, wherein the difference between T1
and T2 is at least 100K.
[Claim 3] The method according to claim 1 or claim 2, wherein

the substrate (1) is maintained at a temperature of T2 or less during the
further processing of the substrate (1).

[Claim 4] The method according to one of claims 1 to 3, wherein
the further processing of the substrate (1) comprises one or more of
etching the substrate (1) and depositing one or more metal layers (16)
onto the substrate (1).

[Claim 5] The method according to one of claims 1 to 4, wherein
the substrate (30) is a semiconductor wafer (31) comprising a layer (32)
of organic material.

[Claim 6] The method according to claim 5, wherein
the organic material (32) comprises a polyimide layer arranged on the
front surface of the semiconductor wafer (31).

[Claim 7] The method according to claim 5 or claim 6, wherein
the semiconductor wafer (31) is a silicon wafer.

[Claim 8] The method according to one of claims 1 to 7, wherein
at least portions of one or more of the front side and the rear side of the
substrate (1) comprise organic material (3).

[Claim 9] The method according to one of claims 1 to 8, further comprising
trapping gaseous matter emitted from the substrate (1) in a cold trap po-

sitioned in a pumping line.
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[Claim 13]
[Claim 14]

[Claim 15]

[Claim 16]

[Claim 17]

[Claim 18]

etching treatment.

The method according to claim 11 or 12, further comprising actively
cooling the substrate (1) during the cleaning treatment.

The method according to one of claims 1 to 13, further comprising
actively cooling the substrate (1) during deposition of the first metal
layer (16).

The method according to one of claims 1 to 14, further comprising de-
positing a second metal layer (17) on the first metal layer (16) and, op-
tionally, a third metal layer on the second metal layer (17).

The method according to one of claims 1 to 15, further comprising de-
positing a sealing metal layer (43) on the rear side of the substrate (1)
before depositing the first metal layer (16) on the front side of the
substrate (1).

A method of producing an electronic component, comprising
performing the method of one of claims 1 to 16, and

singulating the substrate (1) to produce one or more electronic
components, the electronic component comprising a semiconductor
chip (2) embedded in a plastic composition (3) and at least one metal
layer (7) positioned on at least one of the semiconductor chip (2) and
on the plastic composition (3).

Apparatus for processing a substrate (1), comprising two out-gassing
stations and at least one processing station, wherein

a first out-gassing station comprises an airlock comprising means for
heating the substrate (1), a process monitoring sensor, the airlock being
coupled to an evacuation system,

a second out-gassing station comprises means for heating the substrate,
a gas supply positioned to purge a back side of the substrate, a process
monitor sensor, the second out-gassing station being coupled to an
evacuation system, and

at least one subsequent processing station comprises means to actively
cool the substrate (1).
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[Claim 19]

[Claim 20]

[Claim 21]

[Claim 22]

[Claim 23]
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The apparatus according to claim 18, wherein

the means for cooling the substrate (1) is a cryogenic chuck comprising
a heater element.

The apparatus according to claim 18 or claim 19, wherein

the out-gassing stations and the processing stations comprise receiving
pins arranged to receive a circularly bowed substrate (1).

The apparatus according to one of claims 18 to 20, wherein

one or more of the out-gassing stations and the processing stations
comprise a cold trap to getter gaseous matter emitted from the substrate
(1).

The apparatus according to one of claims 18 to 21, wherein

the second out-gassing station and/or the subsequent processing station
further comprise a gas line for the supply of oxygen to the station and
an RF power supply to a chuck of the second out-gassing station for in-
situ cleaning.

The apparatus according to one of claims 18 to 22, wherein

the first out-gassing station is the in-bound airlock of a cluster-type

multi-station processing apparatus.



