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Generally, the present disclosure relates to integrated circuits and more particularly
to sophisticated metailization systems including sensitive dielectric materials and

lead-free bumps or metal pillars for connecting a chip to a package.
DESCRIPTION OF THE PRIOR ART

Semiconductor devices, such as microprocessors, SRAMs, ASICs (application
specific 1Cs), systems on chip (SoC), and the like are typically formed on
appropriate substrate materials, such as silicon, and the like, wherein the individual
integrated circuits are arranged in an array on a wafer, so that most of the
manufacturing steps, which may involve several hundred and more individual
process steps in sophisticated integrated circuits, are performed simultaneously for
all chip areas on the substrate, except for photolithography processes, metrology
processes and packaging of the individual devices after dicing the substrate. Thus,
economical constraints drive semiconductor manufacturers to steadily increase the
substrate dimensions, thereby also increasing the area available for producing

actual semiconductor devices and thus increasing production yield.

In addition to increasing the substrate area, it is also important to optimize the
utilization of the substrate area for a given substrate size so as to actually use as
much substrate area as possible for semiconductor devices and/or test structures
that may be used for process control. In the attempt to maximize the useful surface
area for a given substrate size, the feature sizes of circuit elements are steadily
scaled down. Due to this ongoing demand for shrinking the feature sizes of highly
sophisticated semiconductor devices copper in combination with low-k dielectric
materials has become a frequently used alternative for the formation of so-called
interconnect structures comprising metal line layers and intermediate via tayers that

include metal lines as intra-layer connections and vias as inter-layer connections,



Sem conduct or devi ces, such as m croprocessors, SRAMs, ASICs (application
specific 1Cs), systens on chip (SoC), and the like are typically forned on
appropriate substrate materials, such as silicon, and the |ike, wherein the
i ndividual integrated circuits are arranged in an array on a wafer, so that
nost of the manufacturing steps, which may involve several hundred and nore
i ndi vi dual process steps in sophl stl cated integrated circuits, are

performe S p.ar on the substrate, except for
phot ol i tﬁvorgar:%&%ﬁrggl e‘]:s%l”e”s?c rt@?'l‘”éjlufi‘ f'rBV'g@i 88iSal0d PRAESR PR dho freawesd

i ndi vi duddnaleviagtsofthieeintatraiedgoitdut. SD;hﬁtten@t @. pllflisy oPARAAMIeAlayeQNSHd ai nt's

drive se f act rers st eadi i ncrease the substrate

di mensi omsé:%p’gere Ckgﬁs%g q%ﬁ Fert %t%f’ﬁés %?‘?ﬁg%\)’atlolf ?%“F@)frthﬁr%ﬁ]@m‘@ﬁsact ual
sem cond@@t;@:]GMevi;@tfmaémcuh@ﬁemmsm: Ny (l@lp@dblftbh?rlfngt tdnd |glﬂot§9ft@@ﬁﬂ,béd50n to
i ncreasi al so i nportan o optimze the
utilizat :ag}t o?’raﬂeéssﬁgitra%'gg%nrsééaeﬂag? ‘a given substrate size so as to
actually use as nuch substrate area as possi bl e for sem conductor devices

and/or t be us for ocess ontrol In the attenpt
to naxi m?% e?h%”ﬁei%gg?ieéﬁﬁ @%gr%”éc 3ring S@'&éﬁrgtﬁﬁgﬁ 1og; delay ¢ notIRBY®eat ur e
si zes of ligiteduint thel einerit slearantst sadi 4y fisdladféstt demRistEIde ahg thBilkeOBGOINT
demand f r e f re of. hi i sticated

seni condg@t’%? g@\ﬂdgg)sg%omcg%%%ﬁ %%r% natﬁtigH't%n?'ﬁeF%v\f—qg”mr@I BRVPR MCeri al s
has becot?@f%taﬁf@rdequwbter;Dfua;lectriaht eonaddtives f by thBeclbes rmbx;ﬁﬂtyoéf s eidthied

i ntercon r t. | i ne ayers rnmedi ate via

| ayers tﬁgfglsﬁi ¢ euﬁr?étcfﬁtﬁ?ﬁhééggaq%%t'gén 59 E’oﬁ%ét‘?gﬂ% a\??%eés
inter-I aw?dttf:@ﬁme@tfltbﬁshneszdua/\m ahrecfomﬂd)mtqsscmmenbl Y VIF@tlahlsCrleéé}Mi t

el ement s v I n of. the

circuit. tr&@;g?@% H%?ecg% usp'%i‘ ;?Q%n{c%ﬂ @'HP% ﬁoﬁ} rér &igRy WI Egiel g&f(—? 2’8t acked
on top ofeR fpt ﬁ@teqt@c ﬁ@d@rsfdarhywtr@ a tmﬂeerpenhsttfhej eoncreatd thesefoes ween al |

i nt er nal e¢dhr&ylitd 48! ARG, p ads of
the ci rcrw i desi Sﬁ e e?éci:onsﬁldégéw% 'Lg'“j't Fpeé i éﬁ%wig Oég%% ?lr‘?t”&‘jg%\t ed

ci rcui t sthenderginand W@B@@H@&'oﬁtabélt)awrl Sﬁrem@t}h arigitie lowvk tredteald heaycbécw t

el enent ssjgSiHeR t nsj.gt but.is |imted,
owing to The |%®feléé%sf H@ﬁfgﬁ; tOo %C?JI‘eﬁual% evleg 'r‘latl%%t'%sqtfe! qoﬂgdb?r’f'd&/é‘ﬂdrmre

i ncr ease%“‘iﬂﬁhﬁ@ﬁ*d%fﬁ\%Iaemﬂsle@aemtﬁ)rﬂwmtglft)ﬁs‘prrbaytlctrhef tHeosetgiliotion $ystah t he
metal |igies LSS i ncr ased i n. compi, nati on
with a redu?:ne% condctu%ﬁ[ \L}’la{"'%f%&” r?tdqs Q:E%ggégd%@%?%%?edﬁg Elpé?%%cé'ogé(g%?gonal
area. FAP3Y hidPgEhsh, ther @@ﬁf-tha@mll dharbeletisiics dudheses ssinkitiven dekilexiide
(k>4) andaghiicany mewmees(m&omesentg aced by dielectric materials having
a lower permttivity, which are therefore also referred to as | owk
dielectrics having a relative permttivity of 3 or |ess. However, the
density lﬁ@@dmht%nﬂh% Bleatd bt Foy | 5, My be
signi ficant é | ess c?mare to th ugéﬁz’ﬁf&%gk?é%é’ Elggloce%w{ rvlaggé(g e? Cgrﬁc

di oxi de "AHE&IS| RN Ai ipleglic W%a@mfs:*e@@@dmnlﬁmnthgleshedé\ommua(bmty)f t he
netalli Z]@éc}l @R syfetem @f/-'(ihég'é/ @H@%@H"%ﬂhﬂ&?ﬂgfﬁﬁ Iuﬁés{&%n kechan&%%:cated

integrated circuits production yiel epend on
char act EFITUEqALICERr ?‘F\‘é%“’és Sugstor ?Oé”iﬁrwt@@t pelevesnt diei ahip amtl thdgiackagthesi on

t o ot hekca®é®riyaksherhal agddhisan c;fOthteh@orPés%'n@ar@ ﬂfergt%gr&i% EFB%“S‘P' cal

stabllltl vanced dielectric materials h |cc stant

of a
of 3.0 §H f@i‘bma? W@lht | Ko Bsancgein &ee fatiricabipn |0t‘3p0nuye>beﬁtagtaéedi eifchiys t hese
mat er i ahrﬁ;rd&ﬂ’m@lg d benthibnrlhAsisg Ebllwé’y B LSOPM sS4 kAL, Egtﬁg?agl? ugérprer ﬂf‘\“ ces
aus

due to n ter Gtion between t chip and the pac er mal
m smat ¢ 'tphé’” B 12 &PONAI 3y Mlim ehiRapacepitgsicshnigtiet h§0dirﬁifyetceme watleri al s.

For |nsteaﬂa©€§ héd viike boabinigC &idham et GOWRIRX { '
I ncreasi n% i;h ﬁr}iéact t n(S:ghnol og;I may elcﬁsgwﬁgé%ngggtt%l ngfléd% gtctkage

carrierP? Rﬁ/ﬁ'P Ry ef H\%V\ﬁya@st MefRidAYSS Patieagfii ngwmexf!hmlaqw

Cont r ar yorroedtéxe tmed:drf@ioabldgsf@ﬂn%iéeofb%dbﬁ'&atg%cb ] !n tﬁ’@'ﬂﬁﬂ

appr opr eﬁu ont act ‘F?‘fg ositioned at the perl e very

| ast me 5 é’%r it 'VEht?%’”pV\ﬂ ity A Hmect ed *ﬁ@ fééfr s plirationg
termnals of the package by a via, in the flip chip technol ogy a respective
bunp structure may be forned on the last netallization



3 layer, which may be brought into contact wth respective contact pads of
the package that have forned thereon azsolder material. Thus, after .
reflowing the bunp material a reliable electrical and mechani cal connection
may be established between the termnal netal formed on the |ast _
nmetal lization layer and the contact pads of the package carrier. In this
manner a very |large nunber of electrical connections may be provi ded across

th entir, i ea_of t st tallization |layer with reduced contact
regl stancgygﬂdﬁrﬁgr 2SRV i ke 2’53%@" QeSO Wh 8 IGeEFFid e GontRst mads of the

(i nput / outgwisaye chpabilé tiomsed \mer@bnnaysomrr ?qwﬁmd_ Teis cmml réé>£|own¢gem@t ed
t nor,jes and the |ik
glo; (r:glspzn | ngmrbaﬁggagspﬁééléa ueﬁﬁegz%f(g"? PGHEERF HeR t‘f?é‘”l?ﬁH?)” §’iaryutéﬁi GF@WW'?W a
package d&ﬁweentae¢@mmaMnﬂdegﬁean@jopﬁﬁ@ﬂﬂﬁ%vﬁnﬂmhﬂamtﬁﬁyrgﬂiﬂﬂphbﬂﬁgaoo}he
i tablish a reliable connection between ea
N g i i A TR T M RN
t he packa@ensgﬁwtsr aag. beThe)vﬁdw maxlolsy the ermn:dél&rhlp_ﬁa}dayof i eRd nfdtaBSStidIRY |
however , ff‘l?tre Coma Lol m% Sﬁatl on CI. eés thl Chr may
typi cal | y%{ ngf'ude (ﬂ& K*die 8?15 o? farsiig rapacdarke (beigbyvar @I"@'dﬂgrl c
mat er i al $he tikeiebyt/sitywmi) faa(pahtnltlySJ mbidasiaygbe heqprr@dﬁ&lbf :?btmp(lj@(f ”?ég}tatémg
f nati o i ue to the
Ceheena ehhE AP ERE85 a0 FUALRRL 18Dt bl g E5Pediris
parti cul #rocessespyusricaefor cfcamlemneg rteehiamnpnstnscts,@emmhnatﬁ@:k@baS@arr:@h%n the
k I ed to t em conduct
Pof I o neora Bdaboriobelbic nf M RECkt Anplis B MaRPoPAY neviCophas
mat eri al ?%@Swl@b o mfmbwwcomtmhonetteaween azechnEcthieosurhes \f@ﬁfedtdikﬁtrmlﬁﬁlp
h. truc ure o e package
Substr af a8 e BuABE GORANC 00 e B0k IBe, TS P Dhekabe”

substrate. Int rocess, strate
are nechéfi’ﬁfm“vwc!mxﬁlaewaﬂim Hecamwostr@s rany, iar\me\meaaied alﬁmﬂethié h@méfelk(mlgng I

t enper at 9ld refl t he so rla
ancrjrpf or mHﬁegalg%a‘?ereig Whl' i %gt H%%'Mﬁnﬁ‘% eV daf PlECTrGonE ecvc?ﬁp@é? eV| ce,
i . e. thel(ldelfi disirdtics matafiads, dhereblisigritikagly lsurtwism@ttee pao iea e ixg | of @ rectoivg

i oh, NOUBNEL in W fERULE o101 RLODNAGER, Yhel e G2 A3 U LycDe. gxpral ned

in nore detail wt erence to 'a't s
|IIustraﬁ@@haﬂ@ébﬂﬁb@hl@ﬁdaﬁ@%%@@bndﬂwﬂmmﬁdneml5o whi ch may be understood
as a device conprising an appropriate carrier material, such as a silicon
substrate, an insulating substrate, and the like, in and above whi ch
circuit in particular, one prominent failure mechanism is seen in the phase, when the

package substrate is actually connected to the semiconductor die by reflowing the
solder material and subsequently solidifying the solder material so as to form an
inter-metallic connection between the bump structure of the semiconductor die and
the bump structure of the package substrate. In this process, the semiconductor
die and the package substrate are mechanically coupled to each other and are
heated above the melting temperature of the solder material, thereby reflowing the
solder material and forming an inter-metallic cannection. Thereafter, the composite
device, i.e. the semiconductor die and the package substrate, are cooled down,
which, however, may result in a pronounced yield loss as will be explained in more
detail with reference to Figs. 1a to 1i.

Fig. 1a schematically illustrates a top view of a semiconductor die 150, which may
be understood as a device comprising an appropriate carrier material, such as a

silicon substrate, an insulating substrate, and the like, in and above which circuit



4 el ements, such as transistors, and the |like are provided. As discussed
above, typically the sem conductor dies 150 conprises a netallization system
including a plurality of netallization |ayers, when conpl ex sem conduct or
devices are considered, in order to establish the connection between the

i ndi vi dual sem conductor based circuit elenments. The netallization system
(not shown) typically conprises a final netallization structure or contact
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100, which'representsS a co sem conduct o
sem condtfttey rewien 150Cand a conpl enentary package substrate 160. In the
manuf act uri ng stage shown, the die 150 and the package substrate 160 may

mechani cal | y be coupl ed by any appropriate external equi pnent (not shown),
Fig. 1b schematically illustrates an enlarged view of the peripheral region 150P.

thereby schematically showing a plurality of contact elements, such as metal piltars
in the form of copper pillars, solder bumps, and the like, which may in sophisticated
applications be provided in the form of a lead free solder material, and the like.

Similarly, Fig. tc illustrates an enlarged view of the central region 150C, in which
also a plurality of solder bumps, metal pillars, and the like 152 are provided in the
contact structure 151. For example, in sophisticated applications, the lateral
dimensions of the bumps or pillars 152 may be 100um and less, depending on the
IO (input/output) requirements for corresponding circuits provided in the
semiconductor die 150,

Fig. 1d schematically illustrates a cross-sectional view of a semiconductor device
100, which represents a composite semiconductor device comprising the
semiconductor die 150 and a complementary package substrate 160. In the
manufacturing stage shown, the die 150 and the package substrate 160 may

mechanically be coupled by any appropriate externai equipment (not shown),



5 thereby nechanically connecting the bunps or pillars 152 of the contact
structure 151 with conplenentary sol degx bunps 162 of a contact structure
161 of the package substrate 160. The package substrate 160 may conpri se
any appropriate interconnect structure 165 in order to connect the various
bunmps 162 to any further contact features (not shown) for connecting the
conposite sem conductor device 100 with the periphery for instance by
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process strategy, in which sophisticated circuit elements, such as transrstors havrng
a critical dimension of 50nm and less, may bhe provided in combination with a
complex metaliization system including a plurality of sensitive stacked metaliization
layers, which may receive as a final layer the contact structure 151 comprising any
appropriate dielectric material in combination with the solder bumps or metal pillars
152.  Generally, due to the ongoing demand for avoiding critical materials in
semiconductor processing, such as lead, solder materials have been developed, for
instance on the basis of silver, tin, copper and the like, in an attempt to avoid the

usage of lead, wherein, however, these solder materials may generally have



After separating the individual sem conductor die 150 the processing is
continued by attaching the package subgtrate 160 to the die 150 and
appl yi ng heat and a certain nechanical force in order to establish an
inter-nmetallic connection between the bunps 152, the die 150 and the bunps
162 of the package substrate 160. To this end, the conposite device 100 is
heat ed above the nelting tenperature of the solder nmaterial, such as the
sol der b as, di scussed ab ener al | an i ncreased
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t he sem conductor die.



8 Fig. 1h schematically illustrates the device 100 during the cooling
phase 111, wherein the device 100 transfers heat energy to the process
anbient, as indicated by the arrows in Fig. 1h. Since the peripheral area
100P of the device 100 may be coupled intensively to the process anbient,
for instance due to the overall increased surface area for a given vol une
conpared to a central area 100C, the tenperature at the perlpheral area
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the average tenperature of the device 100 may be |ess conpared to_th_e _
average tenperature as shown in Fig. | h, while at the sane tine significant
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mat er aldsewce 100 may be cooled down, which may be accomplished by changing the
process temperature of the temperature reservoir, for instance by providing a heat
medium of reducing temperature, by simply deactivating any heating elements, and
the like. Fig. 1g schematically illustrates the qualitative progression of the
temperature during a cooling phase 111, wherein the speed of temperature change
may be selected in accordance with throughput criteria and overall thermal stress,
which may build up upon heating or cooling the device 100 with increased speed. it
turns out, however, that well established process strategies for heating and in
particutar, cooling the device 100 may result in increased yield losses upon using
lead-free solder materials, pillar structures in the semiconductor die in combination
with sophisticated metallization systems based on low-k dielectric materials.
Without intending to restrict the present application to the following explanation, it
is assumed that an increased internal temperature gradient may cause significant
failures in the metallization systems due to an increased mechanical stress applied
to the contact elements at peripheral areas of the semiconductor die.



I n sone conventional approaches, the netallization system 155 is provi ded
wi th superior mechanical characteristigs, for instance by using harder and
stiffer dielectric materials, which, in turn, may result in an increased
permttivity and thus higher parasitic capacitance val ues, which may
therefore lead to a significantly reduced el ectrical performance of the
netal lization system 155. Furthernore, using |ead-containing sol der
materials may not be a viable solution in view of environnental aspects.
Furthernore, a significant reduction of the tenperature change during the
cool i ng phaséhnesheneatidatly i iHustraegnhéi davite r‘&lﬂ)udtri:@gl thé ¢dmmingvetialel 1pnocess
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i nt erval §to \Xh?@l‘?”ﬁ’éﬂy@ raetalizgtiosisyntehh carb¢ yseafiteutuctdredioviertak | papiphees's
tinme, whieh, 1dyaever, may sufficiently reduce the difference in the actual
tenperature between the central and the peripheral areas. In other
illustrative enbodiments a tenperature reservoir may efficiently be coupl ed
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sensi Ui viae i@l hraps MbySHSIEBEen solidified for a longer time interval compared to
any inner areas of the device 100.

Fig. 1j schematically illustrates a cross-sectional view of the device 100 in an
advanced stage of the cooling phase 111 (c¢f. Fig. 1i), wherein an inter-metallic
connection 162i between the contact features 152 and the bumps 162 is achieved,
at least in the peripheral area 100P, wherein the significant temperature gradient Tg
may thus result in significant stress components 155C, 155T in the form of
compressive and tensile stress in the vicinity of the contact features 152, since
these features are generally less resilient compared to lead containing solder
bumps, as discussed above. Consequently, the significant stress components
155T, 165C may resuit in significant damage in the metaliization system 155, for



One illustrative nmethod disclosed herein relates to assenbling a

sem conductor die in a package substrage. The nethod conprises heating a
conposite device conprising the sem conductor die and the package substrate
above a nelting tenperature of a solder material that is forned between a
contact structure of the package substrate and a contact structure of the
sem conduct or die. The nethod further conprises applying a first cool down
interval . o.initiate solidjfication of the solder materi al
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heati ng gstigpclafctreateaippd.yi ng the first cool down interval. Moreover, the
nmet hod conpri sing applying a second cool down interval after the at |east
one intermedi ate heating step. A further illustrative nethod disclosed
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melting point of the solder material so as to forma conposite
sem conduct or device. The processing area is further configured to
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drawi ngs, in which:

SUMMARY OF THE DISCLOSURE

Generally, the present disclosure provides manufaciuring strategies and systems,
in which a reflow process for forming a composite semiconductor device on the
basis of a semiconductor die and a package substrate may be performed in such a
way that a reduced temperature gradient is achieved during the cooling phase,
however, without unduly affecting the overall process time. To this end, an
appropriate process control during the cooling phase may be established so as to
provide for a superior temperature equalization between the periphery and the
center of the composite semiconductor device by additionally coupling the
composite semiconductor device to a temperature reservoir, which in some
illustrative embodiments disclosed herein, may couple globally to the composite

semiconductor device on the basis of short time intervals, which may not



Figs. lato lc schematically illustrate top views of a sem conductor die
and a correspondi ng bunp structure of 49 conpl ex sem conductor device; Fig.
id schematically illustrates a cross-sectional view of a conposite

sem conductor device conprising a sem conductor die and a package substrate
in a phase prior to reflowing a solder material; Fig. le and I g
schematically illustrate the conposite sem conductor device during a

heatin NASE d n ase, spect.i vel of a conventional refl ow
pr ocesg; %@E.ﬁcaﬁ%y %ﬁgﬁ& %‘gﬁ EC pqueﬁ§?|‘]'gq ddvich ¢ FatTfesHiliggnamedudehe
ref | ow prieatfference udithg @ctaalotemngerpm@eoa@ﬁéé@rtﬁ@%e@ﬂal h@db@el fe@iheral
conventi %p chematically illustrate top
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cool i ng stvepledctooadhongim oestanie@nbican alithBi tigd @Gh®Ssite semiconductor device,

thereby providing the possibility of efficiently reducing the internal temperature
difference without increasing the overall process time or even reducing the total
process time. Consequently, due o the active temperature control during the
cooling phase of the reflow process, sophisticated metallization systems on the
basis of low-k dielectric materials and lead free solder materials may be used,
substantially without affecting the overall process time and thus throughput, while
at the same time avoiding additional yield losses caused by mechanical stress in

the sensitive metallization system.

One illustrative method disclosed herein relates to assembling a semiconductor die
in a package substrate. The method comprises heating a composite device
comprising the semiconductor die and the package substrate above a melting
temperature of a solder material that is formed between a contact structure of the
package substrate and a contact structure of the semiconductor die. The method
further comprises applying a first cool down interval so as to initiate solidification of
the solder material. Additionally, the method comprises applying at least one
intermediate heating step after applying the first cool down interval. Moreover, the
method comprising applying a second cool down interval after the at least one

intermediate heating step.

A further illustrative method disclosed herein comprises reflowing a solder material
formed between a contact structure of a semiconductor die and a contact structure
of a package substrate so as to form a composite semiconductor device. The
method further comprises allowing the reflowed solder material to solidify by
cooling down the composite semiconductor device to ambient temperature. The
method further comprises actively controlling the cooling down so as to reduce a
temperature difference between a center of the composite semiconductor device

and a periphery thereof.



Fig, 1j schematically illustrates a cross-sectional view of the conposite
sem conduct or device, wherein significant nmechanical stress may result in
darmage in the sensitive netallization system of the sem conductor die; Fig.
2a schematically illustrates a terrper:ﬁure di agram of a refl ow process for
connecting a sem conductor die and a package substrate with a superior

cool i ng phase for inproved equalization of tenperatures between peri pheral
and central device areas according to illustrative enbodinments; Figs. 2b
to 2d schematically illustrate top views of the conposite sem conductor
device during a reflow phase and an initial cooling phase according to
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be coupled to a tenperature reserv i or
centr al ré‘bﬁ%‘ﬁ)” that is configured to reduce a temperature dlfference between a center of

the composite semiconductor device and a periphery thereof.

BRIEF DESCRIPTION OF THE DRAWINGS

Further embodiments of the present disclosure are defined in the appended ciaims
and will become more apparent with the following detailed description when taken

with reference to the accompanying drawings. in which:

Figs. 1a to 1c schematically illustrate top views of a semiconductor die and a
corresponding bump sfructure of a complex semiconductor device:

Fig. 1d schematically illustrates a cross-sectional view of a composite
semiconductor device comprising a semiconductor die and a package substrate in a

phase prior to reflowing a solder material;

Fig. 1e and 1g schematically illustrate the composite semiconductor device during a

heating phase and a cooling phase, respectively, of a conventionat reflow pracess;

Fig. 1f schematically illustrates a temperature diagram of the reflow process

including a cooling phase performed on the basis of conventional strategies;



13 Fig. 2k schematically illustrates a cross-sectional view of the
conposi te sem conductor device whereingbeing in contact with its central
portion with a tenperature reservoir, such as a jet of heat nedium

radiation, and the like; Figs. 21 to 20 schematically illustrate tops of
the conposite sem conductor device during advanced stages of the cooling
phase according to illustrative enbodi nents; and Figs. 3a to 3c

schemat i i LLust.r reflow tem conprising a processing zone for
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enbodi ment S Al LED DESCRI PTI ON Wil e the present disclosure is described

with reference t'o the enbodinents as illustrated in the follow ng detail ed

description as well as in the drawings, it should be understood that the
i ntended to
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is defined by the appended cl arns.
Fig. 2a schematically illustrates a temperature diagram of a reflow process for
connecting a semiconductor die and a package substrate with a superior cooling
phase for improved equalization of temperatures between peripheral and central

device areas according to illustrative embodiments;

Figs. 2b to 2d schematically illustrate top views of the composite semiconductor
device during a reflow phase and an initial cooling phase according to illustrative

embodiments;

Fig. 2e schematically ilustrates the composite semiconductor device during a short
heating step so as to provide for reduced temperature difference between the

peripheral and the central areas;

Figs. 2f and 2g schematically illustrate the composite semiconductor device during
further advanced process times with an additionat optional heating step for even
further reducing the overall difference in temperatures according to illustrative

embodiments;

Figs. 2h schematically illustrates temperature diagrams of a central region and a
peripheral region, respectively according to further illustrative embodiments, in
which a locally restricted coupling to a temperature reservoir may be accomplished

during the cooling phase;

Figs. 2i and 2j schematically illustrate top views of the composite semiconductor
device, wherein a central region may be coupled to a temperature reservoir for

superior cooling effect of the central region;



The present disclosure generally provides manufacturing strategies and

refl ow systens, in which sophisticated3zsem conductor dies and package
substrates may be connected with high process throughput while avoidi ng
undue darmage of sensitive netallization systens, which nay be fornmed on the
basis of lowk dielectric material dielectric materials in conbination with
| ead free bunp or pillar structures. To this end, the cooling phase of the
refl ow process nmay be controlled such that a reduced tenperature difference
i s achi eved between peripheral areas and central areas of the conposite
sen condir¢d-orzkdesdhesatighily h iliveyratesy ea acdiskfsraotalheddw dios stipat tonpheatavi or,
since th j I . i ract. r 14. efficiently with a process
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ot her cases, the tenperature reservoir may be established on the basis of a
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It should be appreciated that appropriate speeds for a tenperature change
during the cooling phase 211, i.e. appmopriate val ues the slope of the
progression of the tenperature in Fig. 2a, may be determ ned on the basis
of experiments, and the like, wherein generally well established process
reci pes may be used as a start value. For exanple, a curve 2111 may
represent a conventional cool down phase and thus a conventional process
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be coupled to the reservoir 220 via an increased sur ace area conpared t

t he cent ergpepaé@ oHseR0Phis kept constant so as to finally accomplish a reflowing of the
solder material in each of the areas solder bumps of the composite semiconductor

device. In the embodiment shown, a substantially linear temperature rise and a
substantially constant temperature phase for obtaining the equilibrium and
uniformly reflowing the solder material may be used. It should be appreciated,
however, that any other regime for reflowing the solder material may be applied.

Furthermore, the process 215 generally comprises a cooling phase 211 having a



18 Fig. 2d schematically illustrates the device 200 in a further advanced
stage of the cooling interval 211A, whgrein a nore pronounced difference in
tenperature between the central region 200C and the peripheral region 200P
may exist due to the thermal coupling to the tenperature reservoir 220. For
exanple, in the phase as shown in Fig. 2d, the sol der mat eri al in the
peripheral region 200P may start to soli dify and thus the "resilience" may
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200C and t he peripheral region 200P.

It should be appreciated that appropriate speeds for a temperature change during
the cooling phase 211, i.e. appropriate values the slope of the progression of the
temperature in Fig. 2a, may be determined on the basis of experiments, and the
like, wherein generally well established process recipes may be used as a start
value. For example, a curve 2111 may represent a conventional cool down phase
and thus a conventional process time for a given configuration of a reflow system
and a composite semiconductor device.

Fig. 2b schematically illustrates a top view of a composite semiconductor device
200, which may have any appropriate configuration and which may comprise a
semiconductor die and a package substrate that are in mechanical contact via
appropriate bump stfructures, The composite semiconductor device 200 may have
basically the same configuration as shown in Figs. 1a to 1d when referring to the

semiconductor die 150, the package substrate 160 and the composite



Fig. 2f schematically illustrates the device 200 in a further advanced
stage of the cooling phase 211 as showy in Fig. 2a. For exanple, the
cooling interval 2110 may be applied and may result in a further drop of
the average tenperature of the device 200 due to the interaction with the
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an equi beftraiveyena®®Cnd thus reliably refl ow any solder material in the
conposite sem conductor device. Thereafter, the cooling phase 211 is
initiated by appropriately coupling a tenperature reservoir, as discussed
above, wherein at any appropriate stage of the phase 211, for instance at
the beginning or at any intermnedi ate stage, the center of the conposite
sem conduct or device may be locally cooled down, for instance by providing
a heat transfer mediumlocally in the center region, thereby achieving a
desired approxi mati on of the cool down tines of the center portion and the
peri pheral portion, wherein the magnitude of the tenperature difference may
efficiently be controlled on the basis of controlling the |ocal tenperature
reservoir.



21 Fig. 2i schematically illustrates a top view of the device 200 when
coupled to the tenperature reservoir 220 during the phase 210 so as to
achieve the desired equilibriumstate. Fig. 2j schematically illustrates
the device 200 during any appropriate stage of the cooling phase 211,
wherein the tenperature reservoir 220 may have any appropriate tenperature
so as to initiate a cooling down of the device 200, in conbination with a
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an effi cinetval @2interaction with the device 200. It should be appreciated that the rise in
temperature during the intermediate heating step 211B as shown in Fig. 2a may
correspond to a change in the process temperatures and may thus correspond to a
difference of the temperatures of the reservoirs 220 as shown in Fig. 2d and the
temperature reservoir 221 in Fig. 2e, wherein the effective temperature Tp in the
device 200 may depend on the process temperature and the time of interaction with
the device 200. For example, the intermediate heating step 211B may be
performed for a time interval of approximately 0.1 to several seconds and may thus
be significantly less compared to the length of the total cooling phase 211, as
shown in Fig. 2a. For example, the process temperature of the reservoir 221 may
be selected to approximately 200 to 400°C, for instance when using a heat transfer
medium. In other cases, corresponding radiation sources may have a higher
temperature and may efficiently be coupled via radiation with the composite device
200 wherein the length of the radiation puise may approximately be selected so as

to obtain the desired thermal response of the device 200 in order to reduce the



heat transfer, thereby changing, i.e., lowering the tenperature of the
central region and changing, i.e., raif®ing the tenperature of the heat
transfer medium which may thus flow to the peripheral region 200P, thereby
achieving a reduced cooling effect in the peripheral region 200P, which may
finally result in a certain degree of equalization between the tenperatures
in the central region 2000 and the peripheral region 200P. It shoul d be
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of the device 200 may be reduced during the entire cooling phase on the
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temperature between the central portion and the peripheral portion so as to achieve
a cooling down phase, in which generally the temperature distribution within the
composite semiconductor device 200 is superior compared to a conventional
process strategy. As discussed above, even a temperature gradient may be
adjusted, which is direct from the peripheral region 200P to the central region 200C
if desired. It should be noted that also in the one or more additional heating steps
211E, 211F, the process temperature of the reservoir 222 and the duration of the
heating may appropriately be selected so as to obtain the desired heat distribution
in the device 200. For example, the process temperature of the reservoir 222 may
be selected from approximately 80°C to 400°C or even higher with a process time
of 0.1 to 10 seconds. Thereafter, the cooling down may be continued on the basis
of a reduced process temperature using the temperature reservoir 220, as
previously explained, so as to finally obtain a non-critical temperature of

approximately 50°C and less. Consequently, in a final stage the composite device



Wth reference to Figs. 3a to 3c, a reflow systemw || be described, which
is configured to performthe above-desxri bed refl ow process strategies.

Fig. 3a schematically illustrates a refl ow system 380 conprising a

processi ng zone 382, which nmay be provided in the formof a process
chanber, and the |ike, which may be configured to establish one or nore
heating zones 383. A heating zone may be under st ood as an appropriate
process ajpy I 0 sem conduct or such as
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process temperatures may be maintained so as to obtain an equilibrium state and
thus reliably reflow any solder material in the composite semiconductor device.
Thereafter, the cooling phase 211 is initiated by appropriately coupling a
temperature reservoir, as discussed above, wherein at any appropriate stage of the
phase 211, for instance at the beginning or at any intermediate stage, the center of
the composite semiconductor device may be locally cooled down, for instance by
providing a heat transfer medium locally in the center region, thereby achieving a
desired approximation of the cool down times of the center portion and the
peripheral portion, wherein the magnitude of the temperature difference may

efficiently be controlled on the basis of controlling the local temperature reservoir.



It should be appreciated that any hardware conponent of the system 380,
such as gas flow sources to provide azgas flow of controlled flow rate and
tenperature, heating elenments provided in the substrate holder 381 so as to
provide a locally varying tenperature, and the like are well known in the
art and may be used in the system 380. As a result, the present disclosure
provi des manufacturing strategies and refl ow systens, in which
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central region and a peripheral region of the conposite seniconductor
device without unduly increasing overall process tine. In other cases, the
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conpri S| gﬂéct may be obtained in the center region compared to the peripheral region of
the device 200. For example, the temperature reservoir 220 may be represented by
the ambient atmosphere, while the locally restrictively acting temperature reservoir
223 may be represented by the heat transfer medium, such as gas, liquid, vapor, a
direct mechanical contact, and the like, wherein also a thermal effect may be
achieved in the periphery of the device 200, however, at a significantly reduced

amount.

Fig. 2k schematically illustrates a cross-sectional view of the composite
semiconductor device 200 comprising a semiconductor die 250 and a package
substrate 260, which may have a similar configuration, as previously described with
reference to the device 100. Moreover, solidified or solidifying solder material 262
may be provided between the components 250, 260, as is also previously
discussed. Moreover, the temperature reservoir 223 is schematically illustrated and
may be represented by a jet of any appropriate heat transfer medium, such as a
gas, vapor and the like with an appropriate temperature that is less than a current
temperature in the central region 200C. It should be appreciated that the
temperature reservoir 223 may also interact with the peripheral region 200,
wherein, however, due to the local application of the heat transfer medium or a
direct mechanical contact a reduction of the temperature difference between the
central region 200C and the peripheral region 200P may be achieved. For
example, a gas of appropriate temperature and provided with a selected gas flow

rate may be directed to the central region 200C and may thus initiate an efficient



heating a conposite device conprising said sem conductor die and said
package substrate above a nelting tengrature of a solder material forned
between a contact structure of the package substrate and a contact
structure of the semi conductor die; applying a first cool-down interval so
as to initiate solidification of said solder material; applying at |east
one internedi ate heating step after applying said first cool -down interval;
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cool - dowquBligdtd -between the temperatures in the central region 200C and the
peripheral region 200P. It should be appreciated that the temperature reservoir
223 may be coupled to the central region 200C on any side of the device 200 that is
available and compatible with supporting the device 200 in any appropriate refiow

sysiem.

Figs. 21 to 2n schematically illustrate the device 200 during the further advance of
the cooling phase 211, wherein generally the average of the device 200 may drop,
while at the same time the difference between the central region and the peripherat
region may be maintained within a desired range, for instance by activating the
temperature reservoir 223 once or several times or by permanently activating the
temperature reservoir 223. 1t should be appreciated that the temperature reservoir
223 may be controlled, for instance by controlling the actual temperature and/or by
controlling the flow rate, as discussed above, so as to adapt the “equalizing” effect
of the temperature reservoir 223 to the current state of the device 200. Fig. 2n
ilustrates the device 200 in a final stage of the cooling phase 211, wherein a
reduced temperature gradient T may be obtained so as to point from the central

region 200C to the peripheral region 200P.

Fig. 20 schematically illustrates the device 200 according {o other illustrative
embodiments, in which the temperature gradient T may be reversed, for instance
by controlling the temperature reservoir 223 such that the central region 200C may
nave a lower temperature compared to the peripheral region 200P in this stage of

the cooling phase 211.

Consequently, upon solidifying the solder bump material generally, the temperature
difference between the central region and the peripheral region of the device 200
may be reduced during the entire cooling phase on the basis of the above identified
mechanisms, thereby also reducing the mechanical stress in the sensitive

metallization system of the device 200 so that sophisticated material systems, such



4. The nmethod of claim1l, wherein a process tine of said at |east one

i nternmedi ate heating step is | ess tharRleach of said first and second

cool -down intervals. 5. The nmethod of claim1, wherein a process
tenperature of said at |east one internediate heating step is less than
said nelting tenperature. 26 The nethod of claim1, wherein said

sem conductor die conprises a netallization systemthat conprises a | owk

di el ectrig mt-RMhalerials, ULK materials and the like may be used in combination with
lead-free solder regimes. On the other hand, a desired short overall process time

for reflowing and solidifying bump material may be achieved,.

With reference to Figs. 3a to 3c, a reflow system will be described, which is

configured to perform the above-described reflow process sirategies.

Fig. 3a schematically illustrates a reflow system 380 comprising a processing zone
382, which may be provided in the form of a process chamber, and the like, which
may be configured to establish one or more heating zones 383. A heating zone
may be understood as an appropriate process ambient so as {o couple a composite
semiconductor device, such as the device 200 or the device 100 with a temperature
reservoir in order to initiate the rising of temperatures of the device 200, 100 and
obtaining a desired equilibrium state for reflowing the solder material in the device
200, 100. Moreover, the system 380 may comprise a substrate holder 381 that is
configured to receive the device 200, 100 and allow an efficient thermal contact
within the heating zone 383. The substrate holder 381 may have any appropriate
configuration and may itself act as a temperature reservoir, if required. It should be
appreciated that the processing zone 382 may be configured to provide a one or
more heating zone 383 without moving the substrate holder 381, while in other
cases, one or more heating zones may be provided, which may be passed through
by substrate holder 381 sequentially, wherein each of the heating zones 383 may

have an appropriate process temperature.

Fig. 3b schematically illustrates the system 380, wherein the processing zone 382
may have provided therein a cooling zone 384 so as to initiate a drop in
temperature of the device 200, 100, wherein in the embodiment shown, additional
mechanisms, such as additional temperature reservoirs in the form of lamps,
lasers, gas flow sources, and the like 384A may be provided so as apply one or
more spike heating steps or intermediate steps, as previously discussed with
reference to Fig. 2a. It should be appreciated that the cooling zone 384 may also
be provided in the form of two or more heating zones, which may seqguentially be

passed by the substrate holder 381, while in other cases, a single process ambient



7. A method conprising: reflowmng a solder material fornmed between a
contact structure of a sem conductor di4e and a contact structure of a
package substrate so as to forma conposite sen conductor device; allow ng
said reflowed solder material to solidify by cooling down said conposite
sem conductor device to anbient tenperature; and actively controlling said
cooling down so as to reduce a tenperature difference between a center ﬁfd
al 0, Conpeay! fo SABLC ANIENAEIndUl SRt SRS SRR LIGT B0l ke The, APt ho
of claim?7, wherein actively controlli sard-cool T 0 [ _

t her mal | y"EBIMIPMPE44i d conposite seni conduct or device to a heat reservoir
that provides a locally varying tenperature across said conposite

sem conduct or device. 9. The nmethod of claim7, wherein said actively

controll Ilﬂg gréﬁgh%@qiqaﬁg ilisrates the system 380 according to embodiments, in which
the cooling zone 384 may comprise a locally restricted cooling mechanism 384B,

for instance in the form of a gas flow source, a heat distribution system provided in
the substrate holder 381, and the like in order to preferably coupie a central region
of the device 200, 100 with an appropriate temperature reservoir, as for instance

discussed above with reference to Fig. 2h.

It should be appreciated that any hardware component of the system 380, such as
gas flow sources to provide a gas flow of controlled flow rate and temperature,
heating elements provided in the substrate holder 381 so as to provide a locally
varying temperature, and the like are well known in the art and may be used in the

system 380,

As a result, the present disclosure provides manufacturing strategies and reflow
systems, in which semiconductor dies comprising sensitive metallization systems
formed on the basis of low-k dielectric materials, ULLK materials and the like may be
connected to a package substrate on the basis of a lead-free contact regime by
reducing the temperature gradient or temperature difference between a central
region and a peripheral region of the composite semiconductor device without
unduly increasing overall process time. In other cases, the effective process time
may even be reduced by, for instance, providing a locally restricted cooling effect

for the central region of the composite semiconductor device.

Further modifications and variations of the present disclosure will be apparent to
those skilled in the art in view of this description. Accordingly, the description is to
be construed as illustrative only and is for the purpose of teaching those skilled in
the art the general manner of carrying out the principles disclosed herein. it is to be
understood that the forms shown and described herein are to be taken as the

presently preferred embodiments.



conprises directing a jet of a heat nediumto a locally restricted area of
sai d conposite sem conduct or device. 7K0. The. et hpd of pl aim 9, wherein
directing a jet of a heat medium conprises directing said jet to a center
area of said conposite sem conductor device, wherein said jet has a | ower
tenperature as a current tenperature of said center area. 11. The nethod of
claim?7, wherein actively controlling said cooling down conprises

tenporarily coupling at |east a peri pir | area of said conposite
sem conductor device with a tenperapﬁ M%eserv0|r havi ng a tenperature that
I's higher than a current tenperature of said peripheral area. 27

1. A method of assembling a semiconductor die and a package substrate, the

method comprising:

heating a composite device comprising said semiconductor die and said
package substrate above a melting temperature of a solder material formed
between a contact structure of the package substrate and a contact structure

of the semiconductor die;

applying a first cool-down interval so as to initiate solidification of said solder

material;

applying at least one intermediate heating step after applying said first cool-

down interval; and

applying a second cool-down interval after said at least one intermediate

heating step.

2. The method of claim 1, wherein said solder material is a lead-free solder
material.
3. The method of claim 1, wherein applying at least one intermediate heating

step comprises performing a first heating step after said first cool-down
interval, applying a third cool-down interval and performing a second heating

step after said third cool-down interval.

4, The method of claim 1, wherein a process time of said at least one
intermediate heating step is less than each of said first and second cool-

down intervals.

5. The method of claim 1, wherein a process temperature of said at least one
intermediate heating step is less than said melting temperature.



12. The method of claim1l, wherein tenporarily coupling at |east a
peripheral area with a tenperature re2ervoir conprises directing at |east
one of a jet of heat nmediumand a radiation beamlocally to said peripheral
area. 13. The nethod of claim 11, wherein tenporarily coupling at |east a
peripheral area with a tenperature reservoir conprises directly contacting
sai d peripheral area with a heating elenent. 14. The nethod of claim 11,

wher ei ngt e ril i at, | t .a perjipheral area with a tenperature
r eser vorf gg?r%é?i @eeghoglgﬁl F,r%gmséi‘ dﬁ’ﬁgfﬁ)’%sg?@ §3M'%%W§ﬁ&romede‘iﬂ%@’ $ & whol e
with said templétalios syssem\ibatrcomprisdhe |owetkhaidieafricchaigmal.l, wherein
tenporarily coupling at least a peripheral area with a tenperature .
reservoir conprises coupling said conposite sem conductor device with said
t enper af ur e Aessghodiconfooising:time i nterval of 10 seconds or less. 16. The
met hod of claim7, wherein said solder material is a |lead-free sol der
material. 17. The nethod of claim 16, wherein said sem conductor die

conpri ses a nefivwirdg zat sadesystimal Ofcrrmde][bett\h@erbaéi ?pﬂfacﬁoélﬂﬁftuﬁbnébfatal)?ware
dielectric terial.  18.. A reflow tem for connecting a seni conduc
to a packagerTS% U5ReguGHRr d{@n8”$§ FB(}\F%?/g'é‘ﬁfLHSn?fr? PPREgIe substrate so as to

form a composite semiconductor device;

allowing said reflowed solder material to solidify by cooling down said

composite semiconductor device to ambient temperature; and

actively controlling said cooling down so as to reduce a temperature
difference between a center of said composite semiconductor device and a

periphery thereof.

8. The method of claim 7, wherein actively controlling said cooling down
comprises thermally coupling said composite semiconductor device o a heat
reservoir that provides a locally varying temperature across said composite

semiconductor device.

9. The method of claim 7, wherein said actively controlling said cooling down
comprises directing a jet of a heat medium to a locally restricted area of said

composite semiconductor device.

10.  The method of claim 9, wherein directing a jet of a heat medium comprises
directing said jet to a center area of said composite semiconductor device,
wherein said jet has a lower temperature as a current temperature of said

center area.

1. The method of claim 7, wherein actively controlling said cooling down
comprises temporarily coupling at least a peripheral area of said composite
semiconductor device with a temperature reservoir having a temperature that

is higher than a current temperature of said peripheral area.



a substrate holder configured to receive said sem conductor die and said
package substrate; and a processing aa configured to establish a heating
zone for heating a solder material forned between said sem conductor die
and sai d package substrate to a tenperature above a nelting point of said
sol der material so as to forma conposite sen conductor device, said
processing area further configured to 28 establish a cooling zone for

lidifyi i d | der, materj.al, said cooling zone conprising a.
ignlt r IoI I){gg?ﬁ@g"er%%gggu‘?fed?@e1r1\’/cW fye r@@nﬁ”@fiﬁréﬂg’t eoyRigcal lgask meerphaTal

di fference bateceith a weniaatoé reeédol UBRASIds @@&iﬁgr&iaﬁgﬁ ?rﬂee\séi; iﬁgeta&fd a

eriphery thereof. 19. The refl ow system of clajm 1¢ .
!toerrpgr at ﬁr eq?%agé?%%‘w” R éafiag'aé’%lqer?@" LAY 1 sgdmeriiesd a'6aper form a spi ke
heating step. 20. The reflow system of claim 18, wherein said tenperature

reservojr c ris tenperature systemconfigured to provide at |east one
of a raﬁi{;'ati %Fg‘? q;fcqg'”ﬁéét WisaFinteamprariyi sadingezthigast & pedriteset in a

restricted aiea ofitisal diiAPPQSILe 868NVEANAYRTRsedC VG tly contacting said

peripheral area with a heating element.

14.  The method of claim 11, wherein temporarily coupling at least a peripheral
area with a temperature reservoir comprises coupling said composite
semiconductor device as a whole with said temperature reservoir.

15, The method of claim 11, wherein temporarily coupling at least a peripheral
area with a temperature reservoir comprises coupling said compaosite
semiconductor device with said temperature reservoir for a time interval of 10

seconds or less.

16. The method of claim 7, wherein said solder material is a tead-free solder

material.

17.  The method of claim 16, wherein said semiconductor die comprises a
metallization system formed on the basis of copper and a low-k dielectric

material.

18. A reflow system for connecting a semiconductor die to a package substrate,

the reflow system comprising:

a substrate holder configured to receive said semiconductor die and said
package substrate; and

a processing area configured to establish a heating zone for heating a solder
material formed between said semiconductor die and said package substrate
to a temperature above a melting point of said solder material so as to form a

composite semiconductor device, said processing area further configured to



19.

20.

28

establish a cooling zone for solidifying said solder material, said cooling zone
comptrising a controllable temperature reservoir configured to reduce a
temperature difference between a center of said composite semiconductor

device and a periphery thereof.

The reflow system of claim 18, wherein said temperature reservoir in said

cooling zone is configured to perform a spike heating step.

The reflow system of claim 18, wherein said temperature reservoir comprises
a temperature system configured to provide at least one of a radiation, a jet
of a heat medium and a direct mechanical contact in a restricted area of said

composite semiconductor device.



