;{| e3eYdbYa@TbBL ,1 2000P21864 Descri ption 5 Method for producing

sem conduct or nodul es and a nodul e produced according to said nethod The
invention relates to a nethod for pﬂoducing sem conductor nodules froma
waf er containing at | east one semn conduct or conponeﬂﬁw 10 The increasing

m niatu§6§@ggf%%4of integrated circuits is giving ri
accommodati ng nore and nnreﬁ

SR e e o PR 5

confined, $RAcK i Ahe finer the sipoypt ures of 15 the seniconductor chip and
of the connecting conductors, however, the greater the risk to themfrom
differences in the expansion of the materials involved, in particular of

t he .sem gﬂgy r ; - t I ' I jfcuit
boarscsi gﬂﬁgt e g:o%ep?g%c%&ktggﬁ%g e L?%%? hfg‘Q&clL(I)ir)lgtSac‘:?{?l ?ng @i&%l%mggggggg? gdrgchi ps
i s playeerding e Patermaddiodt e support or interposer, by neans of which one
or nore chips are connected to a nodule or even package, said nodul e or
package then being contacted on the circuit base. Depending on the nateri al
from while® iventaeer pelh t@ise Lo up gerthads faR der 0 qucs ngheeeFInFUSEoE afedd
expansi Qfles &kl Yewh Ped MO EThERPAHCHRL sANGOTsenlcBhiYELd0 dohBokéReUi t
board has to be conpensated for. Various neasures in this regard, ranging
froM fl exi bl e conducting el ements to el astic spacers, are already known. 30
In BGA £Ralineiad i A i d@enel 08Y ot hatbgeersi de refii 8d iNeLiRgi st
support is planarly furnished with pads which enable surface nounting on a
pri nt edtei Fraiinropdar iof AfCopRAda LI MOre BRd tHRF SR CRbAtFals COPBEFFIH

connect hehge1d n@Nat Higa 01RAN cBadtk B SRACE! &1 ARERSAE] NG, .06 BXPaNsd on
between the different materials, nanely the 35 internmedi ate support and the

pri nt edSEFFEd OBEYr din PhyeryocerineshdRetsr i F1B8R bR attachBEet Pt he

t op1si denof sdie ondtiet d® diraie afHPPPrincardnaost atd ednbiaet&xaMmlokebyr /eans of
bondi ng wires. Flig-chip nnuntigg, wherein the connections of ;the uncased
seni condBgt L EBANECH e dCdFPER TN GLEORTRRIG ™t FACKRRSEARR 2op side 5
of the tnéeafdediiate Swpfordd, G BdS0 danawnof | theors@ak condidicy ®age &
establish a neans of bal anci ng. expansi ogn _bet ween .t he sem conductor body and
Che i nt BPReti B BRg BRO 1L HaRIBHFF 1T R OF o8 Her St BRATRL ST A6 BEheFal |y
requi red, which nakes an additional, conplicated and expensive process step
necgssary, said step. also ruling out the posl0 sibility. of .subseguent
ropTr ) hepaahel 81 ettt Te & oAy TR GRYPSakt IHdar Bh T ded,

t hr ee- dineastatialtes abspeat @ rmadee fpamranbel wednd odl Wiichserdeatorngopel yner is
used as cg:l?pé na;[reer rgcs)glngét?eds q:%pgr %bdt?f'e toh:e e%ggepggékdaege(?f said module or

package then being contacted on the circuit base. Depending on the

material from which the intermediate support is made, its thermally
25 caused expansion relative to the semiconductor and/or relative to

the circuit board has to be compensated for. Various measures in

this regard, ranging from flexible conducting elements to elastic

spacers, are already known.

30 In BGA (ball grid array) technology, the underside of an intermedi-
ate support is planarly furnished with pads which enable surface
mounting on a printed circuit board. The pads act here on the one
hand as electrical connections and on the other hand as spacers com-
pensating for expansion between the different materials, namely the

36 intermediate support and the printed circuit board. The



15 whi ch pol ynmer protuberances co-forned in the injection-nolding process
are arranged in a planar manner (EP 0 782 765 Bl). These pol yner

pr ot uberances are furnished with a dol derabl e end surface and thus form

ext ernal connections which are connected via integrated conducti ng tracks
t.o internal c cLi ns for a sgl ndugct or, cQnponent Lran on the
subst r at e+ °Ph! uf)g?f/rﬁa FsPu%eran é:gl gc atsheel gg Prag oI she 2

tic spacers gelf"he modul e
rel ati vetd mu@pprt ndredl c©|nrtauted bivar éxanplarley tMeasscapdiirelioh womgensat i ng

for differenges Lo, sxpansien, betusen prialed ol peulhe hoard and.dntgrmediate
support-. e sem or corrponent ¢an: be Eontacted on the op Sside of

t he i ntéuated atre smmeZﬁepodtLrwtalybmndcngdwtnerg, thewkey am tbentegtsing wherein
the dif rig .t p caoef fi are_apal o S ensat ed
For by TEane spoShiTaP BN, D1 a1 b R InobRAATR R S OBRIR e
suppor tesakdlisd passartsl of Bol#rirgeenparsiADBINOOB4GheA T etlil sohdsera

single d ti : h i

Subst ; Ap e AECHLE Likpletial SR | PRI ATSpl EE S BEREL O Rorer

pr otubex%lmﬁ@@rnﬁllmeneqmrtelde vinbdr siadtes smiatiditérnber armwd ilsetad and anged in
one or p o] t anged
on the %%6&35g\§?82$0 g%guﬁé%%%ag% gai@%%éb%%%?ag%leﬁlggehgeg?\%6%0158 fine
bontf ngSWJrJel§Yaﬁ§ @:@?ﬁﬁml@iﬂﬁgr@?@crl(s which are then for their part connected
via plated-through holes to the external connections fashioned on the
under si de protuberances. In this design, the internedi ate support exhibits
a rel at TwelSFA dpgbymee giadspoid amy@vobfeeknfodvheapr BxianticAaveptdesh is to

i ndi cat gy & J1Rfi RAHs { a1 'RBYEF G SRIHC@REHCI DT 11RdYE 851 fy Amsa1 wef &f
containing at | east one sem conductor conponent, wherein direct contacting
of the Behitegnie dird &S erehBherRndiane ALRRIIEdi &Petbwmﬂetrsaﬁa ot rect

Con{@thlﬁﬂ:mfpothhér'ﬁcﬁiulﬁ%ghﬁé@s LR he @i @ tfh'er GH) LcbATE N 81 RPSSEI-e such
that the risk enper at ure- caused stress danage is avoided w thout the

i nt er ne?F 2t S SRR_RRITD A Tof gb%?%lmaé‘&ﬁﬁeh%%t%ﬂﬁ el feht)s. THSSTHPRIBITect is

achi eveglr xagRredhBgs tOrd FRrhIYREY WAhDY BBBdSradl et Bﬁdfglﬂﬁawenan@rﬂmss steps
whose order can vary:. a) The connection side of a sem conductor wafer is

directl f/o%rﬁ%‘é?élr@ﬂlt@rﬁ’?étﬂ%s SOy EPRGRTSCa¥E R I H99H2 L RA0SRM T her nal

ex 20 panstiony eeetks Cﬁcerlhtbsnappj@ﬁeﬁmehy A la0WeRScédhtictol bbRp&aiNt
conihuct or materi al ; flat internal connections conposed of rret al are

f astl on®HBIYEha™ {E)kbe sﬁ‘ﬁ’é’téf‘t?heﬂﬁ P EHeT SRPEEANtS &P afl 2t Eifent s of
t he waf epaceds Eprptivd Uﬁlﬁu&ﬁCESlﬂfﬁreﬁmbd&dpﬁfﬁﬂbdt kerondensiadae ahdtdwe fi I m by
a hot e{rbosa ngpgr ocess, the e sai d_prot uber anﬁes formn

d f
oxt of na oSt Spesasabin U A F latad b ar e e RaErFte. and
the t oppsirﬂsd)fcu:belt IHcmrdSGné) 1ratamteahataympp|o&tde'pbs| dead condtibieopassages

and on (t:(l;e undersid he filmag,well n rotuber? ces and is

pat t er ned Suc % eb 51rtrr§ c%nrg hs t??acjké)e r o(rénhgacrhterfme he-exter nal

confect ports tia bhadum evirals ; cbwmmtn,onsnwatxtdga wpassagedie a@idfering
thermal expansion coefficients are analogously compensated for by
means of polymer protuberances on the top side of the intermediate

support is also possible.

30 Furthermore, WO 89/00346 Al discloses a single-chip module in which
the injection-molded three-dimensional substrate, made of an elec-
trically insulating polymer, carries polymer protuberances molded on
the underside, said protuberances being arranged in one Or more rows
along the perimeter of the substrate. A chip is arranged on the top

35 side of the substrate;



4 f) the wafer, finished contacted wwth the film is, if necessary, divided
ina final step into individual sem conductor nodules. In the nethod
according to the invention, a thernmdplastic filmwith 5 a | ow thernal
expansi on coefficient matching that of the sem conduc for material is used

as an internediate s ort r of yberances, for .external cantacti bei ng
ol ded T o B8 Brandi ot AP By eGP b ERB5E L o s stess.
Usi ng awHidhmaeenposedoaf the $t ngire waheecwdd adal plerabdinabegs uppors toa
tenmper atur e;Lesl ot ant, connset i on, 10, can 1 hus be,produced petuecn. dhe

sem condtictdr T tsel T The T it erifédiate Suppor t and 1 elbrin ed Clrcuit
board, ®i ndast Hestgpnt abe pnbetmdtdparcesprart teakébips téheeditiee Bndesgen
exp%nsugp Qggmgen the filmand the printed circuit board. The protuberances
may prolé@t above the underside of the internediate support or be fashioned
by nmeans 15 of ring-shaped inpressions as sunken protuberances whose end
surfac | : Iy sl Q. . at. f.r.Qr e u Mol f the

i nterne |éatét§j§g%)p§$tt¥1%h%g% t;'e/rl(%‘lvteggF?ﬁli lssaljtr]? tlhlggk%tg%ea g%gfllégdg%ﬁolpe%ot |y

ont o t hdudingmsaint ¢orzicippr oxdwetselfyomhe walier erphasiion esefeast emme and

bonded d?én(i%&mhﬁc@@% Oco%%agﬁé‘,r LA YT 80P SO dAak afl tdgﬁg@%r QC fdugtors such

as bonding wires, issuing fromthe edge of the sem con nip, are not
neeed, dyctor eégieRte qfejenheRtemasd afjer syrpEanndnwdt ke Pr seasseting tofi s al so

possi blﬁquDXnQQPQéﬁ%ﬂen%hgﬁoip%r@é 8L Pali € HYQUL - 0f n 418 11k g&ﬁ%&gfﬂ'

' .
chip, to connect t entire undivided sem conductor wafer to the fi
functi offingia¥ ah temRereEdrat@wARdpsitrednhdansget 8s divtided withowntthe all

the conpgctiadiapd KaRdicRgost 8PS HIRY 81 PESHLHRAMRLEY et emdts? an advant ageous
enbodi nent of the nethod according to the invention, the foll ow ng sequence

of steps is applied: a) the wafer is connected to the film c¢) the

pr ofsubefiancesace 10480988 0adrdingders g Ahvbhei bl Ig) Reahotoenhessi ng;
35 d) the pasSages are produced below the term nal elenents of the 5

waf er iFPRNY REGCIIFatStERE YRS RELCE| @HRPSYi e exposed in the passages;
e) the nmetal layer is then deposited on the underside of the filmand in

t he passages, the internal connections being produced in the 5 upper end

regi on df TPReCORRIAGER 5498 HettaFeROISPIMYOF FALSRsoSddefRtercd T ni nal
el enent s, naaded heo MRlcakopaytde ic¥ bhehe pidiesned oM, heandsdetfsd @@ 10kxthe

flliH pansion coefficient is approximately as low as that of the semi-
conductor material;

b) flat internal connections composed of metal are fashioned on the
top side of the film and connected to terminal elements of the
wafer;

25 ) protuberances are molded onto the underside of the film by a hot
embossing process, the end surfaces of said protuberances forming
external connections;

d) passages are produced between the underside and the top side of
the film;

30 e) a metal layer is deposited in the passages and on the underside
of the film as well as on the protuberances and is patterned such
that it forms conductor tracks from each of the external connec-

tions to the internal connections via the passages; and



f) the chips of the wafer, or the nodules fornmed with said chips, can then
be divided up. 10 In this version of the nethod, it is also possible in
step c) to produce the passages by hot enbossi ng process. However, the
passages will preferably be produced by laser drilling; it can also be

exped! et yGAAAD) AL 4G RBRS D eHBPRS Ofhnd BOI ANRRRLEg,pro 15 cess
to renbve residues using a |laser beam aser wll 1 n any case preferably
be used f@d¥visdt énnd nfiindle sirepalntayiadiyhdedle apndeppdderf modEleésim In a
nodi fied version of the nethod, the process steps are carried 20 out in the
followi ng sequence: c) firstly, the protuberances are produced on the film
by neadd bhe dn¢idrodeABB]Ed Y FroEbSsiNVONLIRA, f§ | FhargoPhent toriiddt dtho t he

waf g1, aPn gl efiading 1USLPIn & JIPREeREVEL 4N RBHL AY AB&Nbre £Re PerliRBnBASSAgES
are produced below the termnal elements of the wa fer in such a way that

sai d elteematetiad dgpBsed d5 ahénpastetiede BYPRYE mPrafFubayaicess fteeposit ed

on the yndersi dehcthgg fild M@ Rd1484 tde HRRSSRGESs 1ol BE bRIgrMak sgnnections
bei ng produced in the upper end region of the passages in conpliance with
step bJ'eassaohet ot3eMeeBtindg PEACEHE: Xdidded hFeCcomEPRthalt & S4BALS, and

the met@hekayeradn nitbentdlsSisdgpott | e tombBrhsutdiar spat s nehnleeti o m
conducting tracks; and q% t he ma?er is divided. 6 In this case, too, the
e

pad€ag&SncERud Ry SFRPPGEHPSHICGRItRS SEMGPRENDBERG I HTFepfockRS B-epPBduced by
| aser diibkbki 8@t AnbhenPrGedendcLasa .t Dolrfprdinte R Ebechdr peess
exhibits this sequence of steps: t he protuberances and o thgga%£¥mthe

passagedPEFRPTHEICe b3k The e Pﬁ%%@r%Pqﬁﬁtanﬁ%Eﬁﬂ%ﬁ?“pPﬁE%% :

and the printed circuit board. The protuberances may project above

the underside of the intermediate support or be fashioned by means
16 of ring-shaped impressions as sunken protuberances whose end sur-

faces jut out only slightly or not at all from the underside of the

intermediate support.

The wafer itself is in this case applied directly onto the film with

20 approximately the same expansion coefficient and bonded directly
onto the bearing surface so that additional conductors such as bond-
ing wires, issuing from the edge of the semiconductor chip, are not
needed, i.e. require neither space nor relevant work processes. It
is also possible, by bonding inside the external contour of the in-

25 dividual chip, to connect the entire undivided semiconductor wafer
to the film functioning as an intermediate support and not to divide
it up until all the connecting and bonding steps have been com-
pleted.

30 In an advantageous embodiment of the method according to the inven-
tion, the following sequence of steps is applied:
a) the wafer is connected to the film;
¢} the protuberances are molded onto the underside of the film by
hot embossing;

35 d) the passages are produced below the terminal elements of the



d) the passages are, if necessary, drilled or cleaned; e) a netal layer is
produced on the underside and the top side of 10 the film including the
passages and t he protuberances, and patterned such that internal
connections fornmed on the top side are each connected via the passages to a

pr ot ub e 3N ter ti Qn. .C.0 cted to
Phe 11 Fart ol B e e e e e Rt T vel y
connecredsa@esn i nternal connection; and f) the wafer is divided. In this
case, o] S W I oRr : i | - qat t ¢fieed of

resi du%g Br;}é hrrlgea{:%g gggglslgtgscatrhfagTﬁ%&\g/\%béeéré ?gr ?nﬁéﬁlal%rﬂeéfgaczlg ?r%ﬁ?ls% ég%ﬂbe bonded
to theandt erridle posneges orfdichynheamsl sonacebhrna tisiagbpreiurgdagenthe | n

anog heﬁpﬁ@%%@%@%%ne@%%ggsaé@ Mafhehet & dalingl SFBIHS &RBs84 S0 be
contacted by neans of a pad applied onto the el enents thensel ves or/and

ont o t WefphteemEinadofheReidns andsthe fwatiadohdvet orS FHanl 2 prdd&dedRaccor di ng

to the hLavERid M8 Jeethoghd Seiagcordi ngly characterized by a sem conduct or
chip separated froma wafer, said sem conductor chip being fastened and

di rect fy BbRdEH A0 CAnthetETeEdi AF cCRFIOGHE e 8 efimaCe M iEP oFR 19 SHEPEM
conductdhverhdn pdighiconasestyys by nmeans of drilled passages between the top
side and the 30 underside of the internedi ate support, protuberances nol ded
onf'® the underside of the internediate support, the end surfaces of said

prot ubenhanges REINGnCONGKE ime@h¥dronnest adsyi poddidiRassagesp tg the tern nal
el ements of the chip, wherein the thernmal expansion coefficient of the

X
i nt er mBdPEEES st ERESREEABE Sx Pt FTRP IHEIsBRECSRS t HRMEBT 1t He'SsEAPconduct or
chip. 3aghe WiMveRre@arisl gescprbadcéd wetakkr betowing ; exengdara senbedi ment s
using the draw ngs, in_which: Fi gures 1 to 8 Shoo\;\t“hﬁ Ero ucti.,on accordi ng
to the S*REERETD BOLRE diGuBE BT 2 HBU Yo "FRBM A Wal8F, STRPSCdr BaRce with
a f1ErSt(§:e3e190q¢@[aﬁ7© gés?cﬂlmeS?ilﬁtge@Sladarggéem9 zsdmrt henr:]oj'nt aclyl ngseonto a
printed circuit boar a no e _produce ccording to_the invention,

Bl ur e$TE6°F 85 onBaER hES ERRIEED TS ATeoPBERG 1O LR Riertlreare

sem corducherfimdul e, in accordance with a second sequence of procl5 ess
steps, and Figure 17 shows the contacting onto a printed circuit board of a

nodul e produced according to the second enbodi nent. The production net hod
i |1 ust Tat edmodi fFHieguvesslot @B ther menmodyr timer pr@fe semitepadacd grarmodd| es

beghns in a first. step.wt rmoplastic film2 being applied, for
exgprpl é)ut%orl]ae%l}e tféﬁtlﬁgl% eer(&eéggéf a sem conductor wafer 1 wth term nal
el ementes Epassl)y,ltheThretibdnancespared araslugedompoged fafinigP rfdanguicd &r yst al

pol yner, j .simlarly |ow thermal expansion coefficient of,
h)o twg{n.ggs fflgﬁgg §’§§ gg s

for exanple ppm as the silicon of the sem conductor water. The

fil m pref shabfilmds shehi ckmesgedf thetheartso, apre 28@bdhnus Besiadasnt CP,

ot her matankal Sy G HgVeY&l,, al so be used for the film for exanple
materi al s basedg on péF?/t eqrafl uor oet hyl ene, which is traded under the

Tef2Pon Br &RE. PBTAYe SaasecRRPUSEEpPet o Fhe Feruimdt ebessedef Tdet HRs end,

the wafry Inconhed edyt enddesdid BrdniscPliacedxpsinean the ppishqants 31 and
32 of an enbossing m)P(d, recesses 21 being provided in the nold part 31,

each r&dedbechrinl Agvarptdtdanosaned e» B woPaes ¢ afh&hanffeln and in

the passages , the internal connections being produced in the upper
end region of the passages in compliance with step b) as a metal

30 coating on the exposed wafer terminal elements, and the metal layer
on the underside of the film is then patterned to form conducting
tracks; and

g) the wafer is divided.



35 side of the film2 by neans of the hot enbossing process. 8 These

pr ot uberances 21 can be seen in Figgre 3 which shows the connection of the
wafer 1 to the film2 after the enbossing nold has been renoved. The

pr ot uberances 21 obtained in this way will pref erably have a dianeter of

bet weery,10Q; and, 200 NM apge §,aekahE Ofn RH I hYEEP o RodRda dmothey will

| ater serve as elastic external con nections in the sem conductor nodul e.
As Fi g@ibogsshgierodesst e preoducsfobBskasatefripasrhiges ip2the ePxfrqadiag
throughthe filmfromthe underside of the film in each case below 10 the
termnal elenents 21 of the wafer, so that after the drilling, which is
performed by neans of a laser, the termnal elenments 21 |lie exposed in the

pasgages ra2cn8y WRlialicdl pRoddi wndersideals Bguéhddna?, stBgsi nside walls of
t he passages 22 and the protuberances 21 are sinultaneously coated with

netal &9 pEE PrQtHkersnces 3 ORieralyY W paferded d6nReetieRs DU thfe al so

fornmed @nnt Be £xRASRELBESRSy Prdckesterm nal elements 11 of the
sem conduct or wafer, said internal connections thus being directly

cont act®Bd th§ PaES ke TEer hf Macesparintdrilded: A k6% ne, this

met al | zat ia;0RetdY elayfedr BB PEIAIJAC 08Xt RE NBdee8NAECAADHe2B0pNs dEE BN
surfaces of .the protuberances 21. 20 Unneeded netal areas on_the underside
of ®Phe F19 M 2Mar BTG TEdEES H3ESEP Pt T riien§raEuENEe§ur 879, P36 that only
t he corjmeakbngue sttt arte bed WeRAnbbeidid Sotakd COMNEd itopSs2de aiv@d t he

ternal ti 25 and optional |y oth ducting track in. Th
under 23 GETBTC e vRA HS 686 ctightly (VBT ASTBAPIFUIPEST w th a

sol der da#asicehn@&tidmgr exanpl e by means of spray-coating or
el ectroole %Si tign the eét e n(ﬁl cgﬁnegt' ons %St e‘if nggek&ﬁg% frr ee. .These
externdl’ ¢ORnBRITHAS CRARBES NS R8T BT pMFFT Bk RE ah®ZYd i onal
solider «eaknng; atdeadchdicwhdued ivedy comskuctienr tondnl Esteamalt hemat isapar at ed,
for exaargg e by sawing, at the separation lines indicated by arrows 5. 9
f) the wafer is divided.
In this case, too, the passages will preferably be drilled or at
least freed of residues by means of a laser. The wafer terminal ele-
20 ments can be bonded to the internal connections by means of a con-
ductive bonding agent. In another advantageous embodiment, the wafer
terminal elements can also be contacted by means of a pad applied

onto the elements themselves or/and onto the internal connections.

25 A semiconductor module produced according to the inventive method is
accordingly characterized by a semiconductor chip separated from a
wafer, said semiconductor chip being fastened and directly bonded to
an intermediate support separated from its film, conductive through-
connectors by means of drilled passages between the top side and the

30 underside of the intermediate support, protuberances molded onto the

underside of the intermediate support, the end



A sem conductor nodule 30 obtained in this way, consisting of a chip 10 and
an i nternedi ate support 20, can then as per Figure 9, be nounted on a
printed circuit board 6 and sol dered there. 5 Figures 10 to 16 show a
somewhat different process produced by a nodified sequence of steps.

this case._the fi e char St of .mhigh

descrlﬁeaf%%? |eisaﬁs %ace 5 g%%q%%Jl %% “%%Sﬁgingg %ﬂ gqgnggssed

bet weepathagewulad thar termBinadnd 18Renthefl (aWerclmﬁ,d wyblelrmeltrad st(hlelrmal hi s case

havi ng ses 1 f. u es. 2 onto

t he ungegggge of%%ﬁ?¥?l f%n%hg qﬁ%éal asgégggﬁgg%agg en |n gﬂced into
t he t htibeesdossed thekm P thelsamecomﬂudﬂqrnghms per Figure 12. As previ ously
nengioned, the passages could possibly also be produced in the hot
enbossing process. 15 In a further process step as per Figure 13,

met al i Zatei onverdyions i23deser i2@dain feiodicddlon ihexgngépsy dankaddmentshe top
si de, gggc{ﬁgeh¥w19 thﬁlmhhth the walls of the passages al so being
netalize romtop to Bot tom Superfluous netal areas are renoved by sub 20
sequentFigare@rhiteg 8oﬁh@%etfrﬁempdlle§/e¢fs AZZOFAENR & Dt hehEnY Y- isindefaad

under sigdg; -SQatdialr ABakDe &t hagsse Of ithacBEPsMREr aneRSa i AL ArNAk-

connections 24 are retained on the top side and external connections 25 on
t hd0undidesreect FPCERBi $t¥VNnecti ons via the passages 22, are retained in

each Cag,rEUS t41RsCORIUSH i AGKSn @ & RathEENCS 3% 1k oS diWs @dnodhe film
is then coated on the top side and on the underside wth sol der resist 26,

t he i ntéenBFOHRTteACroRd i DY tén thRel R 6P tHi%%e and t he external connections 25

on the meatuber@nces sbshad tRPHrbase: i3 sMebhafsy SUChnasi semioaoati A9 or
the ED (el ectro-deposition), resist nmethod conb into consideration when

appl yi f§TEREASH T TPELTYt b ACRBTSRRTUE HPnk eF S{BIS EG TP RFF SifoPEBET ances.
A 3¢l dersabkeegdd/0 10 bondabl e | ayer 27 is then applied in each case to
the protuberances or the external connections 25 Flggre 15) required

al so i fiEHESf bf MGMSpEDS . CHASLLABWIN T FPGIFESS, CitTi 1§e’Pﬁ%]65ncﬂfctaor waf er 1
I S NnoOwWmsRUNE eslrcideldie attd raihgtocbhdase drenefipodssed and patterned in this
way such that the wafer's termnal elenents 11 in each case |lie on the
i nternal connections 24 so that said el enents can be sol dered or bonded by
neans @heapecmmhnmdnvaebmmﬂHnguageatedonsaﬁdueeﬂneqkienforFﬁﬁeuokOmeusly
ads 8 for e | e can be used for o derin th recedi ng

o Bt SRR e SO RENAIET Seoadreto g0 et ALRP SEpdt & shEsh b
separ atfian Pipemnd a(pEllgelaie ﬂcﬁc) ealanip}selbiﬁrded aso ptﬁre Ringereidd amtao a printed
circuit _board.6.. 15 A rmof.the oc ownp is .also
p055|blemlFﬁﬁ uc%ﬂ{ wPFFn1 Wlt 5EFP%%rW eﬁgme E &% % gghﬁ%ﬁﬁﬁpgﬁ?es 10
and 11 paedetaiely cmmpeseedoﬁllr@ct(ﬂyquod tdrejsmadiepcslxd@rof whheh serasessdact or
waf er a similarly low thermal expansion coefficient of, for example, 5 to

25 20 ppm as the silicon of the semiconductor wafer. The film prefera-

bly has a thickness of between 50 and 250 pm. Besides LCP, other ma-
terials can, however, also be used for the film, for example materi-
als based on polytetrafluoroethylene, which is traded under the Tef-
lon brand.
30

In a second step, the film is hot embossed. To this end, the wafer 1
connected to the film 2 is placed between the mold parts 31 and 32
of an embossing mold, recesses 21 being provided in the mold part
31, each recess enabling a protuberance to be molded on the under-

35 side of the film 2 by means of the hot embossing process.



1 such that a connection as per Figure 3 is produced. This would 20 then be
foll owed by a process sequence, as has already been described using Figures
4 to 8. In this case, the seniconduttor wafer woul d not be exposed to the
pressure of the enbossing tool; the patterning and contacting woul d,
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exposed_ in thg pass

nection %%g(gggéctly contacted to the wafer terminal ele-
ments. At the same time, this metalization layer forms metallic ex-
ternal connections 25 on the end surfaces of the protuberances 21.
20
Unneeded metal areas on the underside of the film 2 are removed by
laser patterning as per Figure 6, so that only the connecting con-
ductors between the internal connections 24 and the external connec-
tions 25 and optionally other conducting tracks remain. The under-
25 side of the film 2 is subsequently covered as per Figure 7 with a
solder resist 26, for example by means of spray-coating or electro-
deposition, the external connections 25 being kept free. These ex-
ternal connections can be furnished as per Figure 8 with an addi-
tional scolder coating; the individual semiconductor modules are then
30 separated, for example by sawing, at the separation lines indicated

by arrows 5.



12 e) the nmetal layer (23) is deposited on the underside of the film(2)
and in the passages (22), the interpal connections (24) being produced in
t he upper end region of the passag in accordance with 5 step b) as a
metal” coating on the exposed wafer term nal elenents (11), and the netal

| ayer (2 ﬂgnc a 0 d f ; f) the
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by Nt »BURSR M0 frifrLBIGLAECHS id;% L0aba A Lpdrp 15 ¢ h aract a
riza I nth e passages are produced by laser drilling or

cl eaned by | aser processing of residues of the hot enbossing process. 5. A
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sequence of Indi vidual steps: b) firstly, the protuberances (21) are
pr oduc &¢défiiehesdquerce 2yt bitapst eRbblist §sea) e EiBodsetie | Fhararitsr-

connecti@di 0 SA&MRHCha{d)a 22 @)t BEPaRIRFEBLL Qa AlieRr oduced: kel guohbe
term nal elements (11)ofthe wafér (1)in such away that these term nal

el enenti® B Boexem9sseag| ﬁoqlhémﬁa%%@%%ed( Pofreey ‘E% mﬁ’é‘tlﬁl PRERfer3l gnd

deposi tzed eRet hsydindglal glerofait Beshi 1Anddk @BQe'HbdﬂM% Rassages 3(E28), the
i nternal connections (24) being pro 30 duced in the upper end region of the

paégagé@aPEZ?fl"f?%BFﬂ‘é‘lﬁ*&%ﬁWcﬁﬁ sl eproyrodded ftlthCosRfpES Kle thetBXposed

waf er tranpi nal giedeemBnt Spddddgest Be ABE alhdra¥ 8k rédded Snthemmdalhgr agd on the
under si_de of t efllm 2); and 13 f) the wafer is divided, 6. A nethod
accordFW@SFS %ﬁ%ﬁl% @y aser drilling a$ per Figure 12. As previously men-

tioned, the passages could possibly also be produced in the hot em-
bossing process.
15
In a further process step as per Figure 13, metalization layers 23
and 28 are produced on the underside and on the top side, respec-
tively, of the film 2, the walls of the passages also being metal-
ized from top to bottom. Superfluous metal areas are removed by sub-
20 sequent patterning of the metal layers 23 and 28 on the top side and
underside, so that on the end faces of the protuberances internal
connections 24 are retained on the top side and external connections
25 on the underside, and their connections via the passages 22, are
retained in each case. Further conductor tracks are patterned as re-

25 quired.

The film is then coated on the top side and on the underside with
solder resist 26, the internal connections 24 on the top side and
the external connections 25 on the protuberances being kept free.
30 Methods such as spray-coating or the ED (electro-deposition) resist
method come into consideration when applying the solder resist to

the surface interspersed with protuberances. A solderable and/or



5charactari zadinthat instep c) the passages (22) are
nol ded at least in part by hot enbﬂ85|ng. 7. A nethod according to Claimb5s
or 6, charactari zad: t hat in step d) the pasl0 sages (22)
are produced by | aser drllllng or are cleaned by | aser processing of

resi dug%&%ﬁéﬂ%ﬁ@@ﬁ%lw £9eBPafp1 kP i20e48n 3&5% 5 2Rt %@%@959&@9 to one
of Cl ains to 7, ¢ aractari zadin In step a)

waf er ©I)the sxherael egomiearians of @W@ﬁeCéhUmﬁtﬁ ﬁgqbeﬁ%ﬁl - S@g et t% the
film (2 & fdethod according to daiml, charactari zadby
the foll ow ng 'sequence of proc ess steps: c) the protuberances (21) and,
where applicable, the passages (22) are produced in the film(2) by hot

enboSsShQOshslin LRE FRESSAUES thd2be] SonddctBECRSAA! V1, 19 hbk &bl 8aNed; e) a
metal |ayer (23;27)°is produced on the underside and on the top side of the

film (2he fhbt @divigchhapdesagesocesnedanddt Prt dedér ahtes Wex1Fuchng

pat t er Rede Steh Jaftat gn&@fmialcem&@&wma (R4adwrmd opetdie thepigtde are
each connected via the passages (22) to a protuberance (21) form. ng an

ext er nBPL cEAMRALLORS (25)5° PPathaaiRiTETeRf s 2 At ECLERT D h&°PHEh such

that the medy dreanthadude®epbid{dd)ag@he eacsnidrduebtyedns.coraected to an

internal connection (24); and f) the wafer is djvided. 14
ously applied pads’28 for example can be used for soldering.

As in the preceding example, the semiconductor modules 30 are then
separated along the separation lines 5 (Figure 16) and soldered as
per Figure 17 onto a printed circuit board 6.

15
A mixed form of the two processes shown is also possible: thus, the
film 2 could firstly be hot embossed as per Figures 10 and 11 and
then connected directly to the underside of the semiconductor wafer
1 such that a connection as per Figure 3 is produced. This would

20 then be followed by a process sequence, as has already been de-
scribed using Figures 4 to 8. In this case, the semiconductor wafer
would not be exposed to the pressure of the embossing tool; the pat-
terning and contacting would, however, otherwise proceed as previ-

ously described.



10. A method according to Cdaim9, char actarizadinthat
t he passages (22) are drilled and/qr cleaned by neans of a laser. 5 11. A
nmet hod according to Claim9 or 10,1&har actarizadinthat
the wafer termnal elenents (11) are bonded by nmeans of a conductive
bondi n%o%gggiaé the internal connections (24). 10 12. A nethod according
to ddaim , charactari zadint hat the wafer term nal
el enents are contacted through pads (28) applied to the term nal elenents
thenselMesg,11) and/or to the internal connections (24). 15 13. A method
accordlngfnooneof Claims 1to 12, char actari zadint hat
t he protuberances (21) are enbossed promnently over the underside of the
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passages by means of through-holes (22) between the togﬁ30 side and the
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under si degghi ddiRidcrber aeed @itsa ;support (20), the end surfaces (25) of said
pr ot uber ances bei ng conducti vel y connected via the passaig;h (22) to t he

ternmi ndl) Eleheiftteriel) coprngdidors1£2¢hinprde16f, et Hfér ARFR ESREh SPoRle

coeffici enbpodidd@fi Rher fedi ate sHPPEind(c2@) bei ternapal oXismdra)sy (equal to
that of the sem conduc&or chip (10). 5 16. A sem conductor nodul e accordi ng
to Claim®5, thewafer 41tit ar i zadi nt hat the intermediate sup

porfs ( 24)) pk&@@me ef1 1L GRe iledé\dScﬁmocmnducxﬁmrsrmréube aiee aridimng2§ o Cl ai m
15, 10 c elntermlateu%up port is

conposed BV A I?‘?q W%&ééﬂn%ﬁrﬁﬁﬁﬁet%? 1S 88?%@?%%é’f sald prot

ances forming external connections (25);
d) passages (22) are produced between the underside and the top side
of the film;

20 e) a metal layer (23) is deposited in the passages (22) and on the
underside of the film (2) as well as on the protuberances (21)
and is patterned such that it forms conductor tracks from each of
the external connections (25) via the passages (22) to the inter-
nal connections {24) and

25 f) the wafer (1), finished contacted with the film (2), is divided

in a final step into individual semiconductor modules (10).

2. A method according to Claim 1, characterized by
the following sequence of process steps:

30 a) the wafer (1) is connected to the film (2);
c) the protuberances (21) are molded onto the underside of the
film by hot embossing the interconnection of wafer (1) and film (2);
d) the passages (22) are produced in the area below each of the
terminal elements (11) of the wafer such that the terminal elements

35 (11) lie exposed in the passages (22);



18. A sem conductor nodul e according to one of Clains 15 to 17, c har ac
tari zadint hat the interggdiate sup 15 port (20) has a thickness
of between 50 and 250 um 19. A sem conductor nodul e according to one of
Claims 15to 18, char actari zadi nt hat the protuberances
(21) have a dianeter of between 100 and 250 um and a hei ght of be 20 tween
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5. A method according to Claim 1,

20 characterized by the following sequence of indi-
vidual steps:

b) firstly, the protuberances (21} are produced on the film (2) by
hot embossing;
a) the embossed film (2) is connected to the wafer (1);

25 d) the passages (22) are produced below the terminal elements (11)
of the wafer (1) in such a way that these terminal elements lie ex-
posed in the passages (22);

e) the metal layer is deposited on the underside of the film (2)
and in the passages (22), the internal connections (24) being pro-

30 duced in the upper end region of the passages (22) in accordance
with step b) as a metal coating on the exposed wafer terminal ele-
ments (11); the metal layer (23) is then patterned on the underside
of the film (2); and
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10 sages (22) are produced by laser drilling or are cleaned by laser

processing of residues of the embossing step c).

8. A method according to one of Claims 5 to 7,
characterized in t hat in step a) the wafer
15 (1) is connected by means of a non-conducting bonding agent to the

film (2).

9. A method according to Claim 1,

characterized by the following sequence of proc-
20 ess steps:

c) the protuberances (21) and, where applicable, the passages (22)

are produced in the film (2) by hot embossing;

d)} the passages (22) are, if necessary, drilled or cleaned;

e) a metal layer (23;27) is produced on the underside and on the top
25 side of the film (2}, including the passages (22) and the protuber-

ances (21), and patterned such that internal connections (24) formed

on the top side are each connected via the passages (22) to a protu-

berance (21) forming an external connection (25);

a) the wafer (1) is connected to the film such that the wafer termi-
30 nal elements (1ll) are each conductively connected to an internal

connection (24); and

f} the wafer is divided.
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characterized in that the protuberances

(21) are embossed prominently over the underside of the film.

14. A method according to one of Claims 1 to 12,
20 characterized in that the protuberances are
fashioned in a recessed manner by impressing ring-shaped grooves in

the underside of the film

15. A semiconductor module produced using the method according to
25 one of Claims 1 to 14,
characterized by a semiconductor chip (10) sepa-
rated from a wafer (1), said chip being fastened and directly con-
tacted onto an intermediate support (20) separated from its film,
conductive passages by means of through-holes (22) between the top
30 side and the underside of the intermediate support, protuberances
{21) molded onto the underside of the intermediate support (20), the
end surfaces (25) of said protuberances being conductively connected

via the passages (22) to the terminal elements (11) of the
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(21) have a diameter of between 100 and 250 pm and a height of be-
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