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: b h- Se Ho CROSS- REFERENCE TO RELATED APPLI
appl i catl on rvrsmmel ated to Application No. [Attorney Docket No. 7573 10 USJ
and Application No. (Attorney Docket No. 7766 USJ, both of which were filed
by the sanme applicants on the sane date as this application and both of

whi ch are incorporated herein by reference BACKGROUND OF THE | NVENTI ON
After the processing i@ﬂg gonpl eted, the 15
resulting integrated g r?uss(?mﬂgg S gﬁgﬁgyﬁr&s e separat ed and
packaged in such a way tHQRS @M‘B@T&ﬁqﬁmw%xternal circuitry.
There are many known pagkeaiEys OFFUBRICATINGSITHEWAMME nounting the die on
a |l eadframe, connecting the die pads to the |eadframe by w re-bonding or

ot herwi 5e, and then encapsul ating ftdﬁgzdlhemamd wire bonds in a plastic
capsule, with the | eadfrane Ief trud from20the capsul e. The
encapsul ation is often done by m%@tﬂm ng The | eadfranme is then
trimmed to renove the tie bars thatYieh-8e Ho together and the | eads are
bent in such a ve that t he ackage can be rmunt ed on a flat surface,
typically 4 NOETOREIA TEOAPPLIGAIIONSgeneral | y an expensi ve,

ti me-consuni ng process and the resul ting, 25 sem conduct or packa‘c[Je is
consi derably | ar s appligatiomis rglaged; to Aqplication Ny [Aftozney Racket N RT3 of scarce

"real qgtatg§] QﬁlA 1&3@5}1%“{@@% Pbckét N6, 1766 s aB&hfo'T%Hﬁélﬁwé’:@d i ntroduce
a consi der%gl si st ance_ be he dj e p%gs aq the%cga(&g ? rﬂo
package g Py heciameanplicants or thesame daferasithus pppligation aarbboth of whighy pe
packaged i saraimd@rporeted hemin bythefdrece. havi ng termnals on opposite faces of
the die. For exanple, a power MOSFET typically has its source and gate
term nal s ABACKSROUND OFIEHBANMENTION and its drain termnal on the back
side of the die. Simlarly, a vertical diode has its anode term nal on one
face of the di e Afiar theprecsssingief a samicorducton wafes happersi dogpleted, the  JAN 2003

face ofisth dsPt'iE istors
(JFETs)15 aﬁrggﬁlgpl %éﬁhz:gg&gp aq Eﬁ§§ gt gidkgg[f r cul ét g%%d%ﬁ?gﬁkatgégy

fabri cat ed ?‘W & Wy cancbsgong attwtemeeaﬁwgweret%mnrgnawmed for
a process WhckBgihg taﬂhﬁiqhesr Mast ih€s1se moRnietk di ém@rea@ffméldagnwmgesses and

whi ch d t t
thL e P 00 ST B IRl AR MR BEREL c
wWith semc otinduh& and vire dohdsvinracplasticrapsule; vath tholdadfrivee teft pmtrudlag drdmack

si des. %?Jct i %3& uld. Hnd W%nﬂ}g oﬁ%d@ﬂ&?ﬁﬁﬁﬁ@%mhﬁ%thga dfta

sem con vice ccordan

entlon e%e Ins with
a seni conduistthen trimmed rrawwgeaher%mrs &%éOEHHOQCtB%FeRnC&ﬂ’GéC@ﬁdIW@gH sing a
plurality ofn slich@ WwAPRALEHE fadkigs Edrl BEmMbiAES on ERGhs#Re, Ct?ﬁi@ﬁl'lysﬁﬁnﬁted
sem conduct or devi c& @? urface of the front side of each die conprises a
passi vation ’I%W'elr’o &IP ‘Il east one connection pad in electrical contact 15
wth a term nal the sem conduct or dew ce. The ﬁgcs ar%gqla of &?’Ch di e may
al so be in elect allS gs%ef{?l cE SHRCRS At g?%c?{g}lmg}gqr 55 hifict OF devi ce.
The proZess semh:pndure@r nakkageds tensidegatdy bypeer tharthe dig itself] wsing weambndugyer i n
el ectri cal d3f s\%xtcP “t&ﬁcs@ﬁ@n&ﬂﬂegg: ﬂ*ad@ﬁﬂ)?xr Ht@rboﬂfis &Q?ra {1& 8hq et al

&

| ayer exten g atera eyond taching a cap to the
front side éﬂtf cehéowaqiea 1e€¢§t9ct4ﬂ¢ngWQ9H ctlﬁea%s‘ewttb%tfaéteﬁ fafer from

t he back srggc@fgethe wafer in the scribe line area to forma first cut, the
first cut having a first kerf W1 and exposing a part of the first rretal

| ayer; form ng a Thentobleme hicvigarliaygty diffi¢ubtewlsmake deviee @f bet paekatied;is or m ng a

d t al. nath d t t endi
over 't hab nontiEE eV R, TR CrRaB ongBpRGEes D7 B Ak R SARIER k' Phe' "
first netal posgeMQSHET tynicallyrgs ith saughandgatetgpninalstdnethe fionbsid¢ pftkearea to
forma secongl Ex‘:ﬁxtﬂ?‘éﬁhﬂ@nﬂmﬁ?&?ﬁa ua6k Lia¥'s &Q%ﬁ 'ﬁdxﬁ?? %b&ﬂcal%dce'l{eét ker f

WL, the second cut [eaving I'n ce an area of contac etween the first
and second rt&Pde teyminal on one face of the die and its cathode terminal on the opposite
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In many enbodi ments, the process al so includes forning a second, sect,i
the second netal layer in electrical contact with the backsi da bfjmm
sem conductor wafer, the first and second sections of the second netal

| ayer being electrically insulated frgmeach other. The process nmay al so

i nclude grinding, |apping or etching the back side of the sem conductor
wafer to r(?.ducef th&ét hi,cliness of the wafer after attaching the cap to the
front sidefde afthe dugr Bipolar transistogppntion freld of fesh ransisierstJFE s andvent i on

i ncl udes avpreeasHes dfintepatdiciRite{IE€8] anCdo BOMABAEI DM Lelewrar a first

| ocation on a.first side of a sem conductor die and a second | ocation on a
second si d&o?)flig"frﬂtéoréen‘i conductor die. The process comences while the die
is a part of a s Cm'c nquc‘%\or wafer, . The DILOCERS 5 co ris§§ formng a first
metal |ayer ext cﬁ°ﬁ‘§“$§t F91i7 § DERhiRr AREOTEPY SRICP SR APPSR Re first side
of the 8li e expersivegthamexiftingprovessesrandeytichipmdueeipepaskagettbatds essemttallychi ng a
cap to thei i M Gt B ] tor wafer
fromthe sé{l:%%agﬁesééég&o@?: td &é;erm%é?%{ré atpof%@%%rggeg?%;éﬁ?b%%&%ﬁ%%%g@& gt al

| ayer; for thatgan bs sseshwithsemiconduesgr dise kavingigrninalsioa hogh theisfranhand econd

| ocati on omathkeidegcond side 10 of the die and along an edge of the die to a
region of contact with the first netal |ayer beyond the edge of the die;
and cutti n@UMMABY ORTHEINVENTEONeavi ng i ntact the regi on of contact
between the first and second netal |ayers. This invention also includes
packagdOf or a seThhemundkssof fabdiestingea sehieophcicaglevice piokiagemn cardpndeavi ng a

wi dt h X1, Sem:con I L ) t vice, the

di e being at a%gglvfg %l‘?‘i‘}?‘éegg‘%sg‘“@h??%&gﬁf’ E‘gﬁ:?o r;\?lggls%v@é@ﬂgﬁte& eaagllﬂr?g t he cap
and a back tsickidefand kemgrisingagilvurgligvef\diderseparated bysspribe hmesd Eaclndiei ng a wi dt h
X2 that s doiskDaBertiobnd biGiARURe! WMrABH of thedtdif ik bRbaci@ aCt Wi th the

sem conduct or ‘devi ce, the contact bel n? | ocat ed_ between the die and the cap
and havi ng @RRTER2 Passiradian daver whatieast ang eonpectpnipad in glestricalrotastt ri cal
cont act]swi tRith Beerdlingl OTARECdentiborid@ctor devitd. STheBdckistid dTfeadth@e iakalsomet al

| ayer being |ocated between the connectjon pad and the.cap and a second
po?/ti on of gl?en‘é1 e??‘ﬁ%%‘fa?ﬁ%‘ftﬁ?t %Per’é’ﬂaiﬂé{lﬁéexl%éctoé'_a'é“tt? edé‘i?olr[])d an edge of the
connecti on pad; t i i . ctions, the
first secti gn of ﬁlié&gg%& %P%f%‘ﬁ??@&ﬁxggﬁgé foﬁﬁ%@ﬁj@%? ﬁl\(/8\»{:]4j }?§§rhl1iel second
portion of elperitaloontanewith thegoanectidnepad ex portion of thedirstiaetablayer 25 el ectri cal
contact W t&qthiin P&@éﬁﬁl‘l%ﬁc)%fndrah%d bthe die*ﬂﬁttidh'ix%ae @di)%iﬁ‘&ﬂ&ﬁ skl ons of

t he secgnd netal_ Tayer bei’n l'ectrically insul rgm.each other. In yet
anot her20asp@etwaf?%Fgﬁma&lérﬁtlgfbﬁleismmggctar yalek fga tgsﬁ)a%sg wgteﬁ Tor

g_ev ice pgrrprnl% the @rih} IsedreOftcioeh arfireh cut,ahe fisst ahﬂ&gmgsaﬁiscmﬂmt aﬁfdddEVi Cﬁ’ a
irst side of the die ¢ i sin connection pad:.a.cap att to the
first ide SIPOHE st of e ics| mise) daysy’ P A ndReoadiriNG g i B oy ond an
edge of t heside ef the di¢;rfetmimgtassecdsiyraetal lye| tetsecans metaltaperthaving la firkte
connection ' I ‘ ' t: },nati ng
ina first ?%giﬁatgg gﬁfg ?Wgﬂ&%&ag&%%ﬂ%%%?ﬁé?%}%gn {ng lgg%gn alraréeg)ﬂ Eﬂwfx’%}er

ext endify f tsrfirgt meteblayers; and cyftingfbraygh thaeapdn shayscaihe lingareafo fa5@ i e and
term nati Nngsédond caEleith 4 SRBHE kOENOD that Rlegcttign e firkiekedl Wi, hBgecopaond

fl ange 35 bei i.n contact with_.the first flange, 14 JA ~V, 7003 4

Seni gonduct 8\’&%%‘6*1% A AL ER RSt lﬁF%’V‘ieH\'ilé%gfsb?f‘dd%c?fﬁfmfitéhé?'?ré' an epoxy
capsul e or bond wires; the.substrate attached . to the die serves . to protect
ChESHi & and ot s ThERRY chBRHS, 1 Sipftss ARE TR hees!infle § SEIRaldh D1 01
(e.g., 50% phthesieeandahetablayedinpiackig sontagidvitthiha backsede qfithyi de a very | ow
on- I €51 § ANGen[BhbdiE RaRETREARANE] Qloofl®UdchiBns BRIk sethlatalllfyct BEingal e 1S

ground thinner; they are econom ca produce, since they réeguire no nolds
or |ead fl aglestrically insylajedpmisacty athgr.f be progesganayalsainglude gardigonduct or
devi ces suchappingdbodasing Ml Side b HlSsentitdiudior Walit$6 fddRESthe RlsicMadst ous
types of int %at eflg gércwt .chlgﬁfs. BRI EF DES% PTl ON THE DRAW NGS 10
Thi s i nvent CoPSVRier aiteratipeiine thefapde S5 Y SHasr e a0 the fol | owi ng
drawi ngs (not drawn to scale), in which simlar conponents are simlarly
nunbered. Fig. 1 illustrates a top view of a sem conductor wafer. Figs.
2A- 2B through 4A-4B, 5, 6, and 7A-7B through 12A-12B illustrate 15 the
steps of a process of fabricating a senm conductor package in accordance
with this invention. Fig. 13 illustrates a cross-sectional view of a
sem conduct or package in



accordance with this invention. Fig. 14 illustrates an enbodi

sem conduct or package which 20 includes solder balls. DESCRI Pm %HI—@DO%
| NVENTION Fig. 1 shows a top view of a sem conductor wafer 100 which
contains dice 100A, 100B through 100N, In reality, wafer 100 woul d contain
hundreds or thousands of dice. The individual dice are separated by a

per pendi cul ar network of 25 scribe lines, with scribe lines 108 running in
the Y direction anENGEPEHe ‘h@’é“‘?‘lﬂ‘cmﬂ?h?tﬁéoqeﬁﬁ fopmakingiangdaciringl Met al pads
for connect icBandcloR bEtMNeBR b figit6dsktibn 6h & TREsTdeAd TR §eﬁﬁainadct@hdlte Redkop surface
of each of the di.ce .100A- 100N %ngﬁa l.e c@ﬁ g ]3% 100A- 100N cont ai n
vertical poREf® 98 gnasernd sideofAhessmigen H5Aefs106S and a gate
connection paduﬂthﬁwBﬂbﬂ‘\&fd&nsh@ﬁxﬂo&“atsymmoadﬁqtoﬂmsfca Ttlmprbmss in the range
of 15-30.mi | [ j S0 be anot her
cer condict SPPHRE Torfing g st Hef Ricrbxtind B eRlY dom BN BLARNTE

JAN 2003 5 Ake fisst side bEthealotosn dredf efithe wates beypw-an0RiEe ofitheldée; attachingey szt
be packaged jd %U&rﬁ'ﬂs{[ﬁ@éoﬁhé%riaﬁﬁﬂé&&&h é‘%%@rﬁi @éﬁﬁ'r

circuitry The process is invention iIs llLustrat e A- 2B

t hr ough 4A-4Eeseﬁon<ésmdaﬁ§ﬂrwafg toKXBRR§ I} Pept/f theasfirshpetal aé/ﬁbxfpwe&aloOA and

100B that arsgcdiithetal 1@%&&%@&@%@&99 fm{ e séfhd 1b&atioaGh tHe slebrdsigber e
applica be t.he

u taken fr ottom, vi ew of
PPE ardb® didfe s 3R Slon B sfiee ef the gies6 356Han oBMrtant Shnhe AR HRB Lt "t e
section | abdhyxdt beybrid'the adgehef the\dief argluueting/thraligh dhe dapdvliikd leaving mtidoe cour se

va er - nor ot 196k ¥ ofaet B bR bR Reooh@bol W oLt er 10 s
posi ti oned “”der m?u%g%or%l%@ﬁﬂﬂﬁleg ac‘itQ%@tgPQ' Qxh?cohﬂﬁ;&&ed&f acegs the

structure may be i1nvert ess t he cont ext
clearly indi Ragkegs coMmpsises eap lze?éﬂrwsvewd#e?(é» # serpisonductor digsganfpining gy er

u?ﬁe{h 13nd saghb@dndstuﬁt hé’d‘lcé W@fﬁ bethg rauadhea hetRag iwﬂndﬁodttsmefdfme%tﬁﬁd formt
Wi e cap, above i nveptjon w ed W respec
to a packagefaf:'é‘gﬂée?f‘é’rat“ﬁ%ahadigldﬁﬁg}e 1B aWRi ﬁl‘F f#‘? ‘eﬂ%ﬁ'mﬁd’hr ce and
gat e term naiithX2ithat if lessithas Xie a@onheatiolt ﬁammteiédmaswbomumm thack side. It
Shoubd De Lunesliahafd: HOWEY She cIAL pRE IRGRADRIANGHOLE Al b af v ent | OF

can be used Brca a’pac senil con i e which
has one or nhﬁ@g%wmthabgrwrwtasﬁﬂstmmal drlmaﬁééctrmable@tmt“oﬂlthcs front

side al onpe. Ashndessh ;B’a%rﬁﬁi’st Hﬁm Jf&l%rsﬁn@?all r&:u‘l’% Bcibd WalREn figf €rs 20 to
t he S|de of the die Orq\rl\@ trlc devi ces and/or a
maj ority of fHWeelARAd: raeswqx@dm@on ofthe firstimedal layer gxtgndie ne

opposi te si drutehll begofid én edge/u&ftﬁé conhB&tich pade b s€udal nidtdl ¢ayel AidghgdrstZ" points

he f d.id f whi.ch th
wafer is i nveid Saonkaele M Tl Reatr Shhe stebie Gy R bOIR ol Soos
cont ai n powewith3hdsEpkd portish ofthefymtanetaklajdrythe seenrid sd¢tnimmgangat e net al
I : i f th
ayer 102G a?ﬁcﬁcﬁ%ﬁ&%t gﬁ%@lle bR¥ il I&Pt?xg'v% &' {n% rrg[}gtl efnP%eéo?xH sﬁ%{g&c&@ the

silicon Or other sem conductor mater ayer s sour ce
net al Iayerss%‘@ﬂé‘)f‘m‘@ 1¢M¢f b?lé%ﬂcp@@ﬁllb@ﬁtﬂa@fi fmm Haqt*@hgate and source

termnals (not shown spectively) of, the r MOSFETs within dice 100A
and 100B. In Fig. %w@t PRWELEPEFa %‘HV%IOBéP%&M%WE%%? P02 ESHISANAUTS | o

Slhown by thfatdéﬂahe@inbmsi@ga sehiticbadlcot, dldﬂﬁirﬂzlmﬂng)a%ﬁuddhaﬁi:taﬂdhvwsflmcI ud;a

al um num a ers are,.al so | ments

o Tham o R R e R RS ot SYEh BoRleRuidh B A 5P Rt 1o (R ARG AREL T e s

t hey wi |30 addis; en edgeaofabé dagr extatding bmly@yonmmmofﬁmdltmﬁrsEMS

descri bed be'lzfpé/ b ind éleétﬁ&ﬂ%ohtﬁcﬁm@t?me\éﬁnﬁ%kiﬁqﬁhﬂﬁéﬁ gfe efyér EE&E gthis
ay

nati ve oxi de er nmust first be renov en a so such
1~JAN2003 6 laterally and terminating in a first flange beyond an edge of the dle and a sccon

metal layer extending from a second side of the die and along an edge of the die
and terminating in a second flange beyond the edge of the die, the second flange
35  being in contact with the first flange.



as gold, nickel or silver, is deposited on the exposed netal.,The

of the oxide |layer and deposition of a sol derable netal can bl hM‘Z@%d
by neans of a nunber of known processes. For exanple, an alum num | ayer can
be sputteretched to renove the native al um num oxi de | ayer and then gold,
silver or nickel S can be sputtered ofto the al uminum Alter natively, the
die can be di Ppegedlofldehaicflbe BaBlaihO il iRvadh dotor RGhAE ah aver and the
sol derabl e netal can then be 037 ted y electroless or electrolytic

pl ating. El &Ry SRRSEE ¢y pndrigreshBlesdbsirataattaghed withe dieserveatd prgtechscess to

di spl ace t hgie@xtdas ab @hkawak @Yﬂ{erlﬁe;ﬁh@f)édkﬁ%&far@b&&%hatl‘ge.gj, sodane the
ayers, 102G and 102S rnclude a 3 pm

zincate. 10.In one enbodi nent tal |

subl ayer of S‘A‘iog’i?glrdiegitl)’ﬁc es) apd dn; theyProvidsm m?o%ﬁ&r§1Wefor €subl ayer.
A passivat i fmxllibeutmrctoiggviw,q)“a}jﬁcﬁﬁarg’ ip dHetwafor i@fgrcgﬁidahnﬁéx?theb/ayee(r) S éOfZG and
source netal |lavers.1 and openi ngs in sivatian | ayer, 104 i ne gate
connecti on 5‘5’&8*’1@%&9 %fr?ﬁu%eo&%%ﬁ%ﬁ?fg%‘temrfg@?agf %%%?"ngsagfj\}léeﬁc&ﬂ?ﬁeayer 104
can 15 be f usadddr fvigehesiehoe] sendeinductbrdevi¢d@S@h 4s dibdest MQIEETsor exanpl e.

D ce 100A a gsa.‘hﬁd,, S i j :which can be 6
mls w de. %@ggﬁg%ﬁ%aégg% 0 peragiéﬁglt’?ﬁfgf;h& grzig%{lﬁﬁéﬂﬁmrﬁg] 108 at the top
and bottom gRIgF pESEHLATION GPIRERRAWIMGHI | s wide. A sublayer 202 of

titaniumis sSputteréed onto € tront side of wafer 100, and 20 a subl ayer
t20t4 of B um Inum 'fmisgﬁzwédti%hg@llmégfeg\éhﬁ;dkjf(stm;jwli}eﬁdﬂ&{oéy@ﬂme?)@@owi'ﬁ@f2OEXa”D' g1 3
i tani um sufl ayer may be . ck .and "al um num subl ayer may be
Eun i ck. - SraELRSCSEhAR Selebaitirhih SRR e SERATY Ui g

convent i onahumbeted! i t hogr aphi ¢ and etchi ng processes, so that the portions
of subl ayers 202 and 204 shown in Figs. 3A-3B remain. Portions 202G 204G
of 25 subl ayers XFi@)l idostratesatoptview ght sercicnndictoromafpads 106G and porti ons

202S, 204S of subl ayers 202, 204 cover the source connection pads 106S.
Portions 202G 2@igs. 3Ae2B tiwough ¢414B; 5| andatAedBithionehd2 At 13Bs1lpgrg: 204S. As

shown, 1he shblianairs 026 oPRBACARM LM RoRA4S: BHIGRMid REGHR it O t he
area of Y-scribe line 108. A 10 p.mnickel sublayer 206 is then plated

el ect rol ess/®iSgEB®Me top 30 surface of al unmi num subl ayers 204G and 204S
and a 0.1 p. mgol ayer. 208 is pl.ated.on npickel subl|ayer 206. The
Fosulting ot rucy die S oNBHEE T srorr ROk Vi ol SeisaRitl bR de8t na 208G of
subl ayers 2@8cadahc2(dth thesipeeritionel y, overlyi ng gate connecti on pads 106G
and portions 2065 and 208S of sublayers 206 and 208, 1 ~ JAN 7003
respectively, ovdfigyldidlustoaiesan eobedimenionf thaskmitosRictoppackagawhidde G 208G
are el eghri Gaélides BRI 8higd from portions 206S, 208S. Toget her subl ayers
202, 204, 206 and 208 in each die forma first netal l[ayer 209. In other
enbodi nent s,DESERIPTION OFUEHE NAVENTION can i nclude fewer or S nore than
four sublayers, and the sublayers can be deposited by any of the known
processes such asFigpltlicws ap visrapda séhicondelt@owafer E3lswhich ebietains dicgt i ¢

pl ati ng, stengil h ot | creennPrintin = 4, 206 and
208 wil | son@Aﬁégé%erﬁyPg%é?(?%% Fnorcﬁ%t&é#ﬁ%etlr:éﬁ? évgwdv‘g%ﬁ}s‘@(ﬁﬁséq netal | ayer
209". A cap thousands efidiee hBlk individual flicoatre separatagfbywmpespertgmagingtwoik of
noncondygt i v@rbe ;g %fhvs%glééﬁﬁ%sewg? el dfreftidiCand 2R fidsqioand can

be an epoxy. Cap 212 can, be. ma pl astic or copper. and can be
250- 500 ~m tRRIag irHiesX girectian, Metakpadsdamcqnnesting tosxteppal QIrght @Fmenfs pei ng
inverted frodfeldRtdaraamhowsp v 60cach B tieadice 10 AL 00N, Fopuaniit,emceal er

100. As sho i ' : fer 10Q is t i onal L. round fromits back
side 15 to sophi eihd0aRispnBuecita nofvet MR ARES, B ik B LHREeq {hout

damagi ng t hecommtetiamgpadni0cS aat agaterornedtiontperdd@iiGconduct or devi ces within
the dice (which can be, for exanple, trench-gated MOSFETs). Foi exanplek a
gri ndi ngdOnachi ne ader 1061ie tyipicatly Sas athibkneghincthe rangew$ 8-30Thils Wefepossi bl e
because of gy gYpnediy SO g &Yxlcﬁég’o %%%r\ot@r'sgﬂfid&dﬁ&g%%dﬁl%cﬁ§§' stance

to current flow from the front side t 20 back side of wafer 100. As an
al ternative $iHcepcasbidagr ealtingyarsenidecan be thinned by | apping or etching the
back side of the wafer. Preferably using a taper saw, a cut is then nade
along Y-scribe line 108 fromthe back side of wafer 100, |eaving a

t hi ckness of about 1 ml of silicon at the




25 location of the cut. The kerf of the saw cut is indicated as W1. The
remaj ni ng thickness of silicon is then etched, using a known dlj MN 2003
etchant, to expose the portion of the first metal |ayer 209 that extends
into the area of Y-scribe line 108. Ip this case, the titanium sublayer 202
is initially exposed. The cut does not extend all the way through the first

metal layer 209 A0udsBanaiant Ridaugk 100R- AL Gafheited gmsgrm-{g?bé esulting

structure is shown I n . An 1 nsulating layer 214, which can
be nade of Paefagedine fo t ellomesdhern ée b¢ eonnseied to extemabgiffdittinonconduct i ve
material, is depgsited on_the back side of wafer 100. Insul ating |ayer 214
can be deposi tegﬁ‘wrgiﬁsﬁgg in¥entiog;is HRISEASd 1 Figs 3 A28 thrqugh nd can be
1 m| thicls, 6] &g ATBGrdualia2 A212B ivehich show didd! 1804 afd Mook &t akhagt ched,

i l. phot ol,i th 1 d hi. hni th ti f
vs1 19 081l SRRLGMLA ACRIAPING G eliARub e R, i PRl 1073, ©
the backsi d&"af takies fiumi e toplibottom viewmd elit; wafer;shofigure hatelegs'B"8aand 8B. | n
sore eMbodi FEAl Scidifl LcRHERL] # dhd sdeif Bideaoh kG WBEAE lgfl ngs avey from 5
the cap is a reaay covered by an TS Ul & '’ng [ayer (€.9., ~a passivation
layer), it deagrited belassiinthe qoar&srﬁftthqmec@epl@sw%m attched 1o aSeapdt thag | ayer. A
subl ayer 218, @fsidel Jrafd Waket Rotiily LR tRD. thEhedfifidhed pdtkapd, th@lafer 100, and

a subl ayer 218 of a urggnum Is sputtefed over the titaniumsublayer 216. For
exanpl d! tilﬁaﬁﬂﬂﬁi‘%‘il‘m i cap.lthayeihet soms pRinth frethe PIRFesy e RS ubl ayer 218
10 may be 3mayrbt mivehﬁd,sufn ﬁﬁ%@uﬂ’d@h ﬁWaﬁiSU%Ices ﬂmbeantaﬁﬁd{@ﬂyaﬂdicﬁeg heﬂ,

usi ng conventiona ot,ql i t.hagr aphi. ngd gt chi g processes, .so that the
portions ofor}'bfw:?;\eygggse‘g%reéﬂd&ffg ’sﬁ‘a@/ﬁv p rOVEf gs.gm%ﬁ\ gﬁffﬁgg SPBRYi n. sections
216G, 218G tefmsrditray éhespekage iR 18 fuishied form withfthe sip abevathelveafar s 209 in t he
scribe line area 108, and by neans of the first netal |ayers 209 sections
216G, 218G ar e i hhislievantipe aill bodesceibed Svithirespectte apackagedomaevariiesl pads 106G
Secti o 2 , : i : | ayers

NS 21GRverdUBSFEfT, mwﬁﬁga%%é s0GrLE afi@ Q%tfe@%rﬁ{ex&f@s bi {iSfronRi Y

209 in the scribe line are by neans irst netal |ayers 209

are in el ecind aarintsHniNgt omits hackifides dishauld b prderstond. baweverdbas thesect i ons
]2- (%8[8) vthle[l) Boasd 'pﬁhéib&rtsﬁ)f aﬁﬁiqvaﬂtf()rp@ﬂ_ tb%ﬁlse& ﬁaﬁﬂ@d{e QEQ.?_(a@é fsdi”aﬁfi‘tyfb@Q)g\oagg 6G
ich represent the drain termnals of. the. ETs. Sections
2196 and 1 iEReo B or R rds SR G ae B inly Bn YT S ont RS Atk Lo of
di ce 100A angdﬁ@&oniséam aloms A246€6d il thndfr@rit&ﬁie_”zfasimdwafdﬁﬁfergwp are
el ectrigal | ¥ iB$i ik dik %W%%ﬂ?@@ me%l&?ic“éphé\}igéﬁ%dﬁ)g?h?{&&yﬁo I's then
the top sur al u ayers- .

pl ated el ectrol essly onto P, ace o m num Sub 8G, 218S
and 218D, ah¥ @ncctiopmadonng leatndayack silel zofersdo theaerngsisnside eiar dingn ayer
220. The 1 egqdkdri Mhe irettidrdl frdw LRRANZHohitd o thd $dnbslde d0Be wifdriingect i ons

220G and 222G af. sybl ayers 220, . 222, respectively, overlying sections
216G 218G ‘@88%‘%%@0@%%@%%‘%‘?’&%&@‘ %ﬁé- 220 and 222, respectively,
overlying sectio 216S, 218S secti g 20 222D of subl ayers 220
and 222, respect irksfgfryflg&é}gls%‘%%%gé@ﬁ 8W§q§9%ﬁ?95§§%.co FERSSEE her subl ayers
216, 2135 2MMOSKEET2@Down sEmbblicdlylieach diehas agate 10GH layer102Gandond net al

| ayer 223. ¢ . ﬁ{}g r can incl ude
fewer or mk@fﬁgﬁ@g{g&@%ﬁ%@?@ﬁﬁ e gggfgllﬁesklgxggﬁg%‘gr deposi ted by
any of the ReBWnfidermaesals fae msta faversel(26andspaprsmagtaldavere] @C #6/ ess” or
el ﬂ?t gg' yti Gx% BleairicAlcon@dct W@thfiﬁdiﬂgaﬁ% hfd §diffce tleﬁﬁthh_axmlstsshaﬂvﬁ)', r&iaSet'a\%%Q to@lndI 222
Wi sonet i nes r rred.tq. n ctiyel y.as "second netal |ayer
Pz 0 4 epobeIieSRETs ot &ﬁﬁﬁ@é.ﬁﬁﬁbﬁn%’ Fig2Ag fieafrapitdy o | <
screen- poi ntbetveen layees SeXdasd EISs shaye by td2dashedllindsen refl owed to form

sol der posts 224G, 224S and 224D. The sol der paste can be 4-5 mls thick.
Sol der posts 224Qypiadlly, modl D 1826 aaddORB iindudeyaliméning abhoyghmepperch

ot her. Sol d r r ; b ol der
posts. Fi nalqé %??gﬂg%éﬁ?g;\ﬁnﬂ%%nsegi 8{5@%%2"2?‘%?3‘“ ?@EUFQ?%QVE@&%, 21%%1 %’8% are

separ at ed byl 028and k25 mged tpbompdifiedisg thatshey widl adhere ta @goldsy wewdf susghy i n t he
sane direct iQrinAgad, #6r the k&kosddesclibedBeldie. MRR&esd dRatve dxid by dh the de of

the dic The kerf of .the cut (W) is less tha 1 so,that the. portions of
the fi rS? a%e%bgﬁﬁﬂa%%‘gq ]éi’/'é'r’gz‘sééés,t begemsxe 'hﬁen&ﬁoé‘#éaﬁﬁ%mé’ﬁgcgcri be
line area are left in place. The dice are al so separated al ong the X-scribe
lines 110. As an alternative to sawcutting, cap 212 can be cut using other
known processes such as photolithographic patterning and etching. The

resul ting sem conduct or package 226, including die 100A, is shown in 15 the
cross-sectional view of Fig. 13. Package 226 is oriented with a cap 212A
over die 100A. As shown, cap 212A has a width X1. Die 100A is attached to
cap 212A, with a front side of die 100A facing cap 212A and a back side of
100A die facing away fromcap 212A. Die 100A has a width X2 that is

o " o - - A NS~ " o . g



25 102G A second netal layer 223 has first and second sectign Jﬁ\m
223B., The first section 223A of the second netal |ayer 223 |3i t

with the second section 209B of the first netal |ayer 209 at a | ocation
beyond the edge of the die | O0A and gs insulated fromthe back side of die
100A by insulating |ayer 214. The first section 223A of the second netal

| ayer 223 g]'sgelgir Ak §ilg<gggsac{)égaggheg%g}tiéé’?ﬂ%g\e‘:@%%él.t'hﬁére Sgisp@t an

obl i que an ong t C e second section 223B of
t he second oistedryarapd depgsitigreofiarsoldesable metal cambr accomplishedibliandaasREi de of

the di e 10QAunder WF khows pAREAES Forlk@iplen ﬁlﬁﬁrﬁﬂmﬂﬁa@} cdne&huddd term nates
ina first "flange" Zogg whi ch_ ext ends’, eégfnd t he edge of the die 100A, and
that the s&EO%E oEamevedhe pafineraluminupyexige Bfﬂéﬁéhf‘ébﬁjgd,cﬁﬂh’?‘r% nigksl 100A and
tﬁr m;j_nasig d'inbasg@m&ﬂoﬁtﬁItmfﬂ;ﬂ&ihinunidmtéﬁ&ix?a?,lahé @ie%&gge Eg&pgmgg he edge of
the die . t hat the first and, seco , are in

cont et w i REna AL st e B o I O AR A s B8R 51 ¢ 100A i
a direct i ondepasitidi byl el¢atroldse oseldetsolptic plating. OBlactrdtesshdagingidfdudearthensi | y be
nmount ed on, . &.Qr . | i e : . Sol der
post 5949 o oEifARIR, Simets AL R SN OIBURIR, At ihidet R (01 02
so that thelisplegecthe ziggtte, and drain terminals of the MOSFET woul d be

connected to the external circuitry. The drajn termnal .is on_ the back side
of di e P00A and insor@e@@aoﬂire%ntm}c@dm%%?@% 1@2Sdnclyde 8 33 ydlayseehd net al

|l ayer 223. Rbé¥ealitn ByYH1000UTIS sitdayer bd HS00A Findblagésr. has been shown, can
10 be manufactured in a batch process using the entire wafer. Fig. 14 shows

an errbgdi ][rent of AmiwmuayQHOPao&ﬁge? ?%ionﬁmifgktcim&:ﬂ_ﬂdms H2Gerd bal | s 23:)
i nstead o er , r. . n_a conventiona
manner by d%g%% 'PF‘%SE?\% 152%a%‘\aw°%§m§g$ﬁ‘é’rsasgg%t°é‘q%€£ﬁgk g?%lléergagc} ocesses such
as screen- peanmecting pads 486 Gend seurce ponneodompadsflees.cRassplation byer dean 15

avai | abjse oM fiag _Jgﬁ{gﬁﬁayt%aéefgqaéc s@quqgir%éﬁ, ffée,n%azwxé%fll Nauen,

Germany), or by usin e wa evel sol der bal unter available from

ggi 3uy ? KogyoI Copice tedA m{\ﬁm@axtbiﬁém&léu by K&?ﬁ:ﬁ@%n@?ﬁ@&&?ﬁ% calﬁraacln-
nductive po r pu re anot her alternative, ng.for exanple
thermsetti&@séﬂnﬁ?ngf%ﬁgBﬂg?% %FGP@@}WL@}O Eﬁ?‘bﬁﬁ'@F#@BPg P ymers. 20
Wi | e a spebottam of dived00RRNddDOB lvhas be Aveild witle. has been descri bed, the

descri bed enbodinent is intended to be illustrative and not limting. It

wi || be apparent A subldyes202\bittitaniensisisphttated onto il faent sideatl waderd 06 and

al ternajg ve ' Wl i dWhi ; this

vent o, 35T 200 R o R RS A L Plgft%ﬁ“‘%ﬁ‘ﬁ?‘é‘é%if?@%f PPpri cating a

seni conduct &¥arpple; ianiyarRidayer Hvrmay bpg00 % thick\and aHgnigumesyblaysidét or  waf er
havi ng a fr el kixemanidk a SEBlYers RO aa 04 EMidnshiited and otehdd, Loingf di ce
separated by scri.be | ines.. each.di e rising a_sem conduct or .device, a
surface of §°?¥°8H9n%lipk}8t°i’i[h°§r?ﬂhéc @ﬁfé&?“n& RS Bsdggft}?éft}e&?rﬁlwgf and at

| east one coubleyrs 202 pati20hshemecihigaBAc3B randinwPottionkh 202@A0dGnafuct or

devi ce; »40 ) fon I ; At AG i t he at
east 0%t cOmmty 3, 20k Ty e back Bhffecliih FpCid e fERh 008 JohS T

| ateral | y beysvhlayens 30k @06 covergheisaurceganaedijongpads tQ4S. t Rortipes 3026kt si de of

the wvafer; oY4GihdelcBiiRMINinsMBtcAT ok poAISGEE 2029@08S. AR IAhOADTayetde Of
SRR e g L R Ay
Lio(ra;m ng a noncond{&l (iblp\{nenfcﬁglesrubﬁgerai%l igﬁlsetn p{ilatgc? Ei[eclzuqoqes()s[y gnqg th%%&l)( side of the
30  surface of aluminum sublayers 204G and 204S and a 0.1 pm gold sublayer 208 is
plated on nickel sublayer 206. The resulting structure is shown in Figs. 4A-4B,
with portions 206G and 208G of sublayers 206 and 208, respectively, overlying

gate connection pads 106G and portions 206S and 208S of sublayers 206 and 208,




form ng a second netal |ayer, the second netal |ayer being in 20 electrical
contact with the first netal layer and having a first sectiﬂwm(z@
over the nonconductive |ayer; and cutting through the cap i ;

line area to forma second cut having_a second kerf W2 that is |ess than
the first kerf W, the second cut | eavi ng in place an area of contact

between th taI The of daiml
wherein thge E’%ér%lﬁ% uct o evi cémlneéagmlﬁgﬁés ﬁycf)r{l?l%s ﬁégﬁ?%g(}cﬁé of the die
conpri ses alesmﬂélmlﬂt@cftompop@dsaﬁﬁﬁ 2088t e connection pad, a source
portion of the first netal |ayer belng in contact wwth the source

connection pad, gg&lpéSl&dﬂyﬁS&QZ&O% R8O and 208 inegagh diedpem alfgsigetah cont act 30

with the ggdyer QWnﬁFéth&*kn%%médi'@ tRORIE Rrepil th @&%Bélﬁ&éf&ferfope first
nmet al Igyer belng |caIIy |nsulatedfro th the first section

er,
of the Sec&de yersetidghe gublayprsean W%eﬁww—é Ay of thedeiavah of t he

first nmetalprdceyes ,su&lh& spateig, Bhipatationy€lectesderd lor 8leB@olHtic ra@ag §@ffli on in
contact wit h hegogat e section tal |ayer

conC et e TR L SR 208 2206 7 oSt v
the die, thefefred st heremootectvaly ashifirst nsataltlayen209T. t he second netal |ayer

being electrically insulated fromeach other. 3. The process of Caiml
wher ei n forni ng Acép 252 isrmttechied tetherfrant sistemfivager 19p withea hompoadhdtivet net al

subl aygp andnepd &?&C)ﬂﬂ% Q,a?&%g:i?nﬂ%& 25 (gé:g?{rl]@lyzﬁ{ddaﬁbkféﬂ n@b{ftc{x}ﬁ?a or

subl ayer. 4. cef first
conpri ses tRR ﬁl"&ﬁﬁeé}f atsmplaéaeempnpsm canhedpr309dup thigles Thisumi num 5. The

process of s@luatui’eés%%% Fxg{]sr\mtmgvaferfllooaiemﬁﬁﬁ\?drtehw redong i ses pl ating
athird mstéﬁ@ subl ay eco d, net al | ayer. 6. The process of

Claim5 wh Wgﬁﬁ‘é t??é‘fgaﬁ eé%?"’a&f ises nickel. 7. The process
f d 6 wh | i ti f th
metal Csubl ayer. G ?‘h%quﬁéaﬁm%aé 10035 Bom oG § R EGmBL Fek B iR, .7
vvher ei 15t hgofaghickhessof 3H milbbmaschincasiip posséde withdut damaging thhéntpmekcess of
daiml m%&&éﬁt&'@ﬁn@6f’ﬂ1h§erﬂﬁ9§c}&ior%e%ts?g‘nﬂ{n tﬁ@hﬁ:‘é%%ﬂw%] Ak Ny 91 OUp

consi st ng o um num an I’OCGSS of Claim

1 wherein RXaHPIG rﬁ’@?n‘éh'éétﬁ MQW'}%TSE){ At exgmple ‘@fgnz)@utgﬁga%m@@vaélghlﬁ“ ses
attachi ng tﬂﬂ&n@ﬁu@bdulgh@mns@@seadmsﬁ 1&909@&51@5&&@1% dflthe Hlﬁ)oﬁ’trﬁ@eﬁéd gf daiml

further conpri th nni onduct or tIa ng a cap
to the fronEPdide GIiRergs e 5Magrtaea IS froaf eufrort SRS L
t hi nni 2§ t hieackeidecafveifet 0. waf er conpri ses grinding the back side of the

wafer. 25 13. The process of Claim 11 wherein thinning the sem conductor
waf er conprises Aappialigmaties togeindmigdwater 100 cavied dinned by lapmnpeocess of

Caimill Vm&EﬁhEtﬁé‘lb&RISm&flﬂfe wegt conductor wafer conprises etching the
back side of the wafer. S. The process of Claim 11 wherein thinning the

\tNﬁf er tCO”pr i ses 35&‘?&5! H@mfghﬁaﬁ@fsﬁkb éléuttlbtlfén%fadle%ld?@%-'s@h@e ltl\tixqé heut da”?Q' ng
e interna rostru sem conduct or. device in waf er .
e ook Be BRl i b Gt O fen HE SRk ot 1987, ot of
sem coritfuct locatiaf ef the com THedketfarfkhes sabecwutfis idda:aVﬁfaerd:ofﬂ:e ireesinmgt ting with
a taper sa : r [ irst cut
ovcP et "B Y by SR GRS bl

portion of the ﬁrst metal layer 209 that extends into the area of Y-scribe line 108.

In this case, the titanium sublayer 202 is initially exposed. The cut does not extend

all the way through the first metal layer 209 to the adhesive layer 210 and cap 212.

30  The resulting structure is shown in Figs. 7A and 7B.

An insulating layer 214, which can be made of polyimide, PSG,
nonconductive epoxy, or another nonconductive material, is deposited on the back
side of wafer 100. Insulating layer 214 can be deposited by spin-coating,
dispensing or screen-printing and can be 1 mil thick. Insulating layer 214 is



18. The process of Claim1 wherein form ng a nonconductive |ayer on a back
side, of the die conprises: depositing a |layer of a nonconduclive‘{ 03 ;

depositing a mask | ayer on the |ayer of nonconductive nmaterial 0 r enovi ng
a portion of the mask layer to forn1oBen|ngs in the mask | ayer, the

openi ngs overlying the second portion of the backside of the die and part

of the fir n hi ng the
| ayer of nzrh%%%g%h? !e\@e{géfa%ﬁg m@fﬁfg%ﬁﬁ%@%%%ﬁq Jr%a{slﬁé te%ﬁ%xgu@s g(kﬁ{agyerg

19. The pr orutiensodf ln}l&atmgllaméﬂéuonexﬂsongﬁmqirat mgtnblaynid@ﬂlané pbaipes obn a back
si de of t heth@'b%cl&?ﬁéﬂfﬂtﬁ@@af%?*’l@@?re%h@%d‘gs sk ﬂ{fﬁgs})rs%%ﬁissl?f Gaiml

wherein formng a second netal layer conprises sputtering a f| rst net al

subl ayer and spumwmmmm%%@: wmeaér&erofqﬂemferffacﬁ
subl ayer rocess, of C aim wherein the fjr %y gft aI subl ayer

21. T
conpri sés e S8 inAlieally FHE BRI RIRLAE 530 (&per PERHYAICR HRHum 22,
The processb®possibie 1 chilit Weatepositibw bhamipsalagecapet. met al | ayer conpri ses
plating a third netal sublayer on the second netal sublayer. 23. The
process of C ai mA2@blayer i6ofitienivimiis sputetal o tiedbpck sidenpmaked025ndi ckel .

i ne b PESIRR 248 BY il Slufteled LB ARG SGITRR B 6 BYET COIPTT 09
process of @:aamphzmm@rselbhy@rﬁel&mwbm%&ahmgmawn@gﬁpblpmglgmd 30

26. Theyepr Oﬁﬁ§%e(3f P tIRLIN éuﬁlh'}”etr??% SIS Ak ﬁﬁnfrﬁ%{sﬁ?:@ﬁl@étcﬂéﬁaﬁui)%ne sol der
second metal | ayer N 3 14 27.

ost on at |east a t
‘Fl)'he processC‘Eﬁ"e@‘%‘i"iii’&o‘l"ﬁWE@PW(ﬂ?ﬂﬁ@’i“%ﬁgﬂpﬁ?Sﬁ?%§° ‘é‘?t&’éﬁfn%‘ﬁe sol der bal |
\m at Ie?st seblpyrd 2 16 arld 1 8sshe®Adn mgsgbAlaM@Brcaﬁm eetiphorless 2@8G61fals m2§7
erein form er S [ n
The process %l?qg’@ ?tﬁe%g\ﬁﬂ‘r&}?‘gﬁﬁ g ga&ll%?'ter %l?nsgnéf)faﬁgreﬁzb aggrrpri ses
sol der | ett bpgneag9of thhdirgmusadayes 209 sectipiis leﬁCt Ré8G aogmpralestmea] Eontadtng at
23St ope cQRRMAE EiE BRAGKTEL phl fockh SeibRAPIes2a PRI 4r BliBR A160ARA et 2

| ayer. cess erelrn cutt q the cap conprises
t

10" sawi ng sszntaqtﬁbe Brso snetal larersd 09 imthe sqbe ding aceg Dﬁﬁgdbmmawfith@ cap
conprises plhpéqhdthin r@@dm fre RREleBiithN\bneiRwith Ghe MrceFBnnddtidn pa@cess of

FERENCH W e i RN
di ce. 34 TheoAraadd96Bothi€h Eﬂpfﬁs&nt\nhedﬁmmtehhﬁlals&ﬂ'mhe:MQBMr Sdetiorse
Govree 28 o AR sy g 216 SRES €k Sl thl M 140AF 254 B hRE Me I uCt OF

devi ce conprlses di ode Focess
sem conduct giceddPiicandciIoby. | Seetiors YIKIST 213@ an¢t2é6fa.r?d(8§§9dc2ﬂ6@l 28R arewher ei n

the sem conduchangeNdutReLRIMaSIEStRr. DI POl ar transistor. 38. The process of
Claim1l wherein thé sem conductor device 25 conprises an IC. 39. A process

of fabricating a gaokaggickélrsublapeven iVihplate@smétdlesdni onto the top
surface of aluminum sublayers 218G, 218S and 218D, and a 0.1 pm gold sublayer
25 222 is plated on nickel sublayer 220. The resulting structure is shown in Figs. 10A
and 10B, with sections 220G and 222G of sublayers 220 and 222, respectively,
overlying sections 216G, 218G; sections 2208 and 2228 of sublayers 220 and 222,
respectively, overlying sections 2168, 2188S; and sections 220D and 222D of
sublayers 220 and 222, respectively, overlying sections 216D, 218D.

30 Together sublayers 216, 218, 220 and 222 in each of dice 100A and 100B
form a second metal layer 223. In other embodiments, the second metal layer 223
can include fewer or more than four sublayers, and the sublayers can be deposited
by any of the known processes such as sputtering, evaporation, electroless or
electrolytic plating, or screen-printing.. Sublayers 216, 218, 220 and 222 will

35  sometimes be referred to herein collectively as “second metal layer 223",



providing a sem conductor wafer having a front side and a back side and

conprising a plurality of dice separated by scribe |ines, qun ai 3@9}3
conprising a power MOSFET, a surface of a front side of a diletc @i g a

passivation | ayer, a gate connection gad and a source connection pad, a
back side of the die conprising a drafrn term nal; 1 4 JAN 2003 15 formng
a front side gat & TR ate

layer.dn_e rical contact wth the
connection pad, a por@lltl)nn %? H‘?‘em}dr gfr‘# ngd%rep%‘sg les’%(rc\r%f:%\'ﬁp%flggé’fm Xt endi ng
| ateral |y bgegond metaldgges 224 andahah reflofved i fogmasoldeoposts22465,9348 end net al
| ayer in el ' ] the: e ' | on of
tho front seas e 908 gk oth bl 4RSS AEIRE DRCESAS AR, 10 o
the die, thearefelestricaliydesuipiedirameeach ather. stalderdwllp.ctudseerdpydracas be used ng

el ectri cal | i plasdib@dofsbr pbsen each other; attaching a cap to the front side
of the wafer; cutting through the sem conductor wafer fromthe back side of

L he 10 wa]fer j[nkFilﬁll\?)\,(z?-isislhﬁwhiiﬁlFig%f mtaﬂde,rgiae L@ol?bn&%mos %rbge%airétéa gu]g t
aving a first kerf. and, expos} ng.,a ,par,t. .o ront side. e and fron
si de sour ce[’?’n@?‘?ﬂcu gsgeciag%? Sﬁﬁg%s%%&ﬁ@dmuwh%bly HS/‘E‘F S¥he g‘r YPi%n of the
back side othetfivst ditefromitke bavhoidedathe frentlsidessf thedice.nfhekabuftheduan exposed
port1on of 149 11l @O el demdphe BRI of BYYlrst A SXRAIRALRIAL 5, Of the
front side source netal |ayer, ang an exposgof ‘port|on of a drain termnal
of the MDSFR223 thasewicnd indo Bieowribe e gige arerdeftan plaggeFhe dineatgalse si de gate

metal | ayer s&ak8Bd e g AEX -skfbe R0 YGTdn\tehRYiGF t@:ﬁl@v-@dtﬁﬁé,khﬁﬁii y
contacting the front Side gate netal layer in a fjrst area of, contact; 20
fornming a b&RkbSFHIsing RBE HPENR Preaepess sughnes photalithoaraplit paticaning | ayer
ext endi ng oewhiridhe nonconductive |ayer and electrically contacting the
front side source netal layer in a second area of contact; form ng a back
side drain netal Theyesultng dchdcdmitktos paekagé 224)énduding diecl08ay, isishalvndont act

i th i | pal- FET; i ng. 1 th
scribe 17 ne td 865 BiaBi A oMR L pAtaft il ROV B HOR OB 1€,
than the firdie 1QQAf Apshown,ivap 2824 hds e widthedli Riy 109 Apis attachedido ¢4pr st and
second area ok GRfH Akdnt sRRAFAM Edd)ﬂgfatcmg@szlgglﬁ‘g%nﬂ@fb%k gadof fpLar in a

di rection pgj pendi cul ar to nd cuts, to separate the dice.
#

the first a )
30 40. The groBSawaBfion GPRAIZE. ielOPA hena Wilnok2 that isdesdhanokLext end
entirely thrQuiglectidrepdd 106G ia il elkegieAlcontictlvith alyesetnicontuctor dAteiBinl6 41. A

process 260r di2 lfb&/g Fe %1&% %Jtziil(ig}l'cr(mfa%%}i iggtré c%gltlec ion pgd flbcfc? bre located

between die 100A and cap 212A. The first metal layer 209 is in electrical contact
with gate connection pad 106G. A first section 209A of the first metal layer 209 is
located between gate metal layer 102G and cap 212A, and a second section 209B
of the first metal layer 209 extends laterally beyond the edge of gate metal layer

25 102G. A second metal layer 223 has first and second sections 223A and 223B.
The first section 223 A of the second metal layer 223 is in contact with the second
section 209B of the first metal layer 209 at a location beyond the edge of the die
100A and is insulated from the back side of die 100A by insulating layer 214. The
first section 223 A of the second metal layer 223 also includes a slanted portion

30 223X that extends at an oblique angle along the edge of the die 100A. The second
section 223B of the second metal layer 223 is in electrical contact with the
backside of the die 100A.

It will be apparent that the first metal layer 209 terminates in a first “flange”
209F which extends beyond the edge of the die 100A, and that the second metal
35  layer extends along the edge of the die 100A and terminates in a second “flange”



| ocation on a first side of a sem conductor die and a second |ocation on a
second side of the sem conductor die, the process commencing Wﬂil thﬂ$e
is a part of a sem conductor wafer, the process conprising: f1o m-]% a st
nmetal |ayer extending laterally fromthe first Location on the first side
of the die to an area of the wafer be}%nd an edge of the die; attaching a

cap to the §4qf f, 1h El60L O{U;Jhgctor waf er
frgm t he seicjgrrﬁ; eg&(kjdj&le%dgé Fth\é"? fqoéq g&& (k)ﬂs]dgtﬁéa't}ﬁrg %ﬂ s%&?ﬁ%ﬁ% met al

| ayer; 10 f&43h aﬁglracmMdthrﬂ@@labthleagl@remadelndgmgilmaéb’@rlwaw fiormodiet he second
| ocation onddeisLEPRtion! %%lglftottﬂgsﬁéseomgl@é&ng an edge of the die to a

region of contact wmth t trst netal |ayer beyond the edge of the die;
and cutting thrOPQJka% 2266 dakily Be hdaNteddn! f&éﬁémﬁl@eaP@Bh&'ﬂg%ldﬁpnt act

bet ween the fi econ t al ers ocess of  Claim4l
conpri siong PO g‘l} t#%e‘? n&Hf?"é’é’@‘rfPEdg ]I3§&§Et 190 ¥9Md on of the
secolnd Si dﬁb@éortd&&eﬂt@ﬂxe\ﬂ@. s thmﬁtlﬁ@bﬁrbﬁrga&f ahm&raae?ﬁgﬁxalmaie L\Eyer
overlies t nduct.i ve | a 3. ..The, process i m.41 .wherein
cutting thrmgog@t SR ?%?0 '\ﬁ&f”ét Al FRFUIE ?gﬁfﬂﬁmﬁlﬁé B8R conduct or
waf er to exthedack bide plidie 1O0Atand if r:lcstm&lﬁy cmmnatted aipeectiohR23R qfasckcagie for a

sem conduct LS : ] i

sem conduct{g{ ‘ag?%%egngom&h%{ ‘Fsrﬂﬁ gpgﬁﬁaﬁgf ?Ss}%%g&gitgq eaét one
connectitn bgmannfaéuu&simuadwtcmn@mpsmﬂw eitirg wafer. one terminal of the
sem conductor device; 25 a cap, attached tqQ the front si he die; a
first metal |ayefigd4 éﬁ@\i’?ﬁi‘&’a‘m‘é‘&ﬂ‘ sepeenduRior paskiage Q%WI“}SQ a first

portion of idetudes rsaaernmalnba:ys@éadbmsalgezl enmetyaldweﬂlstxheyﬁb@p&ad the cap
and a second {l)ortl ogoof t he fii r ext Lﬁﬁggl a er&lSI y beyond an

edge of the!™Ht &¥MER naéng.n%rnl%y F%&“ h™ of the
back si de oprddesseslswch amdreen—bﬁnﬁﬁg\bﬂﬂmdarjetangecsmg;lfarmxaxhplleampmcntpr| sing a
first seetigp, atbﬂ-tefréﬁxrp'%rc TREF Bl L d(mgr:‘.filaﬁg&ﬁ@?sttr{?tﬁ' }Jé(qu\'faug ing in

el ectrical con th the seco metal’ | ayer at a

| ocati on be{ianeordnyesing thpw@f@*leve&ﬁ@lderxbaémpwgeraavau#de fe Shibeyaof t he

die to a I0?@%@@@%@%&9@{&%&%%@%¢m<@6810map§ntbenmleeSI de of
t he die. ackage of atm 44 ‘wherei_n the %‘e‘igl s as thin as possible

wi t hout danﬁﬁ}wrg’ﬁ@Pﬁ REccIosier aftematye Hpe £ orpmp ‘@Fﬁsﬁtb‘ﬁ%lﬁe VB ™evi ce.

46. The pachBageateaidhédiadsivdheiiailgstio polyendrs.r st section of the second net al
| ayer includes a slanted portion adjacent the edge of the die. 10 47. The
package26f O ai mWhilevaspeific ¢thbodiimest ofithisahventipe has besinddesibad,gher al ity of
sublayers. 48:. g eROKANK ¥ infdnBldo¥t MSERIVE ah8Bof lithfting TR i1 ey €7

i ncl udes at .
apparent to those who are skilled in the art that numerous alternative embodiments

are possible within the broad scope of this invention.

25



| east 'one sputtered sublayer. 49. The package of C aim 44 wherein the first
metal layer includes at 15 | east one plated sublayer. 50. T) ai;*a(agﬁuezgﬂa
Cl aim 44 wherein the second netal |ayer includes a plurality o ubl ayers.
51. The package of C aim 44 wherein the second netal |ayer includes at

| east one sputtered sublayer. 20 52. e package of C aim44 wherein the
second et gl ARper i ncludes at | east one plated sublayer. 53. The package
of Claim4Z wherein the second netal |ayer includes a second section in

el ectrical contagécithh a second term nal of the sem conductor device on

t he backside of the die, the second section of the second netal |ayer 25
being el ectricalily insploatRdfifateivatifea fdniiséndiRtridevicopaékage second net al
Layer. 54. The .Qackage of Claim44 conprising at least a first sol der post
in contact “WPHPRe first section of the second netal |ayer and at |east a
second sol der post i t. W . I .of e, second net al

| ayer. 55. The packa3’5&%&1%%;%6}@1{1&4?2@%%@%‘??%?&%1gg Sfﬁlé)glg%B%aécﬁ E?C ssé?eder bal |
in 30 contact wiangd Cpmeriﬁiinggtplw‘eﬁb’iQfdlwﬁepaﬁetegéaénﬂbmw edchdir and at | east
a second sol der cgﬁléalrisfng CRBiGduol BevidkSa SEERRBISEFSt Qe FF a gt Second metal
| ayer. 1 ~ JAN 2003, 56. The package of Claim 44 conprising at |east a
first conducti vEOpHIyHgR ufawatmlémnaa@@tkmﬁn@ Renfectien pabinglectigabr and at
| east a second cAtdCHith ehdRmicaidub@t tevige;contact with the second netal

|l ayer. S 10 15 20 57. The package of Cl aim 44 wherein an edge of the cap
extendd40l ateral | y beyfondingra fadgmenat layérdn @dleetricaBeontdue withakageast ofit ai m 44
wherein the cap . W dih X1 . i a width X 1.being greater
than X2. 59. Thectz)%g% g&@qgfa@rg?%gﬁﬁg\%ﬁgr@?@q? e e\glleghggr%tp lfag@sl? egovgrti cal
power MOSFET. 6(an éfigeopthsikdiege of Cl aim 44 wherein the die conprises a

di ode. 61. The package of C aim 44 wherein the die conprises a bipolar
transi stor. 62. The ptRbige asep® gierfronysigpef Biewales di e conprises a JFET.
63. The package of Claim 44 wherein the die conprjses a | C. 64. A package
for a MOSFET conpri si?’rlj?‘ngg“%‘éﬁ%i@%?ﬁﬂ&?‘&ucmré’v ST thenkpck sigesEte and

havi ng 13 wi dt h X2afepirf theBtrilsd lie @éa folformlh Eirq @I thfitgcd HBoMgadgirsonnect i on

pad in electric tact wt.h a_squrge term.n and a gate connection pad
in electrical cgiﬁ rg% Wdt%pgglagfiémﬁé’f%er#gﬁmgtagiﬁ?’si'de of the die

conprising a drain tegmnal. [ i - gr X2 and
being attached to the?ﬂng&?étagf% gjﬁg‘f&?gk{}gfgzwégwfﬁfﬁé%uﬁ%%ﬁaﬁggwl ayer in
el ectrical contaefth@idigy t he source connection pad, a first portion of the

first source netal Ia¥er .bei ng Iocae';?iﬁl 25 between the die and the cap and a
second portion of theldtmiag a seepd metalfayer thg sreoud metdiaygr bedbdinal | y beyond

an edgepf the deRctridalldonfct gath@hdRistinelaB)ager dnd IRhvaRld figtdeciomt act wWith the
gate connection the first gate netal |ayer being

d .afirz&1 orti anl >
| ocat ed bet ween Fﬁgﬁ%‘f‘%oﬁﬂ ?ﬁ%mc?&g“%wa %Ye’é’é’ggnd portion of the first gate
tal | t endi t I8
nonconduct  ve | ayer "Saiop HELAL L SEHAEE A AREl i Bt g

aving a second kerf W2 that is less than the first kerf W1, the second cut
leaving in place an area of contact between the first and second metal

25 layers.

2. The process of Claim 1 wherein the semiconductor device is a
MOSFET and the front side of the die comprises a source connection pad and a
gate connection pad, a source portion of the first metal layer being in contact with
the source connection pad, a gate portion of the first metal layer being in contact
30  with the gate connection pad, the source and gate portions of the first metal layer
being electrically insulated from each other, the first section of the second metal
layer being in contact with the source section of the first metal layer, the second
metal layer comprising a second section in contact with the gate section of the first



1 ~r JA N 2003 19 a second source netal layer in electrical conta :ﬂdﬂh

t he second portion of the first source netal |ayer at a Iocaﬂi?ﬂJzé* he
edge of the die and extending around the edge of the die to a [ocation

adj acent the nonconductive |ayer on t back side of the die; 5 a second
gate netal layer in electrical contact“with the second portion of the first

gate net al | beyo t e f L€ ,ang t endi ng

around the régtégfag?rt %rﬁiezi tﬁﬁgts%cg%g ‘P%S@??‘ovﬁ%‘a%?%?‘e%fm irﬁgoﬁgﬁcb@ﬁg&@?ioge | ayer

on the backthsidite thyf firsh eeadind and therd sectionsanfdhsscondinstal tayer bait@l | ayers bei ng

el ectrical Iéqegtﬁgaéa)aihggageﬁ@gggﬁg%hf&ﬂ{ t and second gate netal 10 | ayers; and
e bac

a drain netal layéer on t side of the die in electrical contact with

the drain termngl. 6Fhe pRRefRf A Pivhetei MrRind Afit BletA Q¥R Si ng at | east
one sol ger ost .in cont act th the_second sourc¢e netal ‘él aﬁr, at | east one

d
sol der ostg‘?rﬁp%gt?ﬁtsa‘&tfenfgé Y ReRhYbAYEhY pafternge sgeop sublayedt | east
one sol der poie firdt el ablayst.t h the drain nmetal |ayer. 66. The package of
Clalm64 further conprising at |east one solder ball in contact with the
second source ne#dal | dheprocass dfeEaim B whesin derfidsamktal sublayet eamhprigesh t he

d . . | i ith th

20 drai - e Gnnphd URsscHinB oBRSk: QT A8IARY: 1o “Compr i sing at

| east one conducki ve qtp% Wes@@é*inﬁ%ﬁhﬁfrfor\%ﬁ%a llinsqn%\glqﬁ}gkrsource net al
mer ba t wth t

| ayer, at |east one conductive po I n contac he second gate

met al | Hyer comprsestplatingsy thisd anctad) sublaysrea thesepaad mealsublayesont act with the
drain netal layer. 25.68. A package for a_.sem conductor device conprising:
a seni conductor e c é}rqﬁeﬁboéél@gwmm&ggw%,suglay;rr@mms% of the
di e conpri snftfek connection pad; a cap attached to the first side of the
die; a first nmetal layer in electrical contact with the connection pad, the
30 first netal | &yer ebtiegmodengof @lagn &lvwhereindomengafastimealilaya first fl ange

beyond an e the:dje; i~ metal |ayer

ext endi ng qugﬁe1 gggssékcl%h agfoélglﬂ g?et?l#gblég’é @n@ggﬁfu@g"’%}na@%@gof the die and
term nagj¢gng in ageco f : o‘?]hhtrigﬁa | nﬁﬂ'& d

fl ange E){)ai ng in cgsént agﬁle\&r%tgﬂgéwgt&%gﬁgg& 69. eld%‘g%:a%%‘g%’ T %{'ai m 68.

wherei n an éﬁbje of the cap extends 5 laterally beyond an edge of the die
70. The package Cl aj,m 68 wherein the first and secon

1 fl a}glgeis ext end
| ongi tudinally o d herRIAess &t Fiaing Tgvherginthe capsis madg Ol g Al des of
die. 10 . Af séledled Adrh fhe gréyp donsisfihg 8f gladiiplagiic, ARindinu akid. cAppdN

10.  The process of Claim 1 wherein attaching a cap to the front side of

20  the wafer comprises attaching the cap with a nonconductive adhesive.

11.  The process of Claim 1 further comprising thinning the
semiconductor wafer after attaching a cap to the front side of the wafer.

12.  The process of Claim 11 wherein thinning the semiconductor wafer
comprises grinding the back side of the wafer.

25 13.  The process of Claim 11 wherein thinning the semiconductor wafer
comprises lapping the back side of the wafer.

14.  The process of Claim 11 wherein thinning the semiconductor wafer
comprises etching the back side of the wafer.

15.  The process of Claim 11 wherein thinning the wafer comprises
30  making the wafer as thin as is possible without damaging the internal
microstructure of the semiconductor devices within the wafer.
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e process of Claim 1 wherein forming a nonconductive layer on a

back side of the die comprises screen-printing.

20.  The process of Claim 1 wherein forming a second metal layer
comprises sputtering a first metal sublayer and sputtering a second metal sublayer
on the first metal sublayer.

20 21. The process of Claim 20 wherein the first metal sublayer comprises
titanium and the second metal sublayer comprises aluminum.

22.  The process of Claim 21 wherein forming a second metal layer
comprises plating a third metal sublayer on the second metal sublayer.

23.  The process of Claim 22 wherein the third metal sublayer comprises
25  mnickel.

24.  The process of Claim 23 wherein forming a second metal layer
comprises plating a fourth metal sublayer on the third metal sublayer.

25. The process of Claim 24 wherein the fourth metal sublayer
comprises gold.

30 26.  The process of Claim 1 further comprising forming at least one
solder post on at least a part of the second metal layer.
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ylo%\/& () 10%/& %mﬁcf%ﬁﬁ%ml er comprising forming at least one
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109 () - Flo%v&

109%&' () -, 109V (%q$$§@ﬁ&&@%ﬂ[@t¢@m27 Yhogein Sarmingat iensigwe iﬁ}desbgkblow&' ()-!
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10%VvE&' ()5 K((6)}*29X- z[THe@rboésd A0H&in 7 wherein forming at least one solder ball
comprises solder jetting.

30. The process of Claim 1 further comprising forming at least one
conductive polymer ball on at least a part of the second metal layer.

31.  The process of Claim 1 wherein cutting through the cap comprises
10  sawing.

32.  The process of Claim 1 wherein cutting through the cap comprises
photolithographic patterning and etching.

33.  The process of Claim 1 further comprising cutting through the wafer
and the cap in a direction perpendicular to the first and second cuts to separate the

15  dice.
34. 'i"he process of Claim 1 wherein the semiconductor device
comprises a MOSFET.
35.  The process of Claim 1 wherein the semiconductor device

comprises a diode.

20 36. The process of Claim 1 wherein the semiconductor device
comprises a JFET.

37.  The process of Claim 1 wherein the semiconductor device
comprises a bipolar transistor.

38.  The process of Claim 1 wherein the semiconductor device
25  comprises an IC.

39. A process of fabricating a package for a power MOSFET
comprising:

providing a semiconductor wafer having a front side and a back side
and comprising a plurality of dice separated by scribe lines, each die
30 comprising a power MOSFET, a surface of a front side of a die comprising
a passivation layer, a gate connection pad and a source connection pad, a
back side of the die comprising a drain terminal;
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extending laterally beyond the edge of the die, the front side gate and front
side source metal layers being electrically insulated from each other;

attaching a cap to the front side of the wafer;

cutting through the semiconductor wafer from the back side of the
walfer in the scribe line area to form a first cut, the first cut having a first

kerf W1 and exposing a part of the front side gate and front side source
metal layers;

forming a nonconductive layer on a portion of the back side of the
die, the nonconductive layer leaving uncovered an exposed portion of the
front side gate metal layer, an exposed portion of the front side source metal
layer, and an exposed portion of a drain terminal of the MOSFET;

forming'a back side gate metal layer, the back side gate metal layer
extending over the nonconductive layer and electrically contacting the front
side gate metal layer in a first area of contact;

forming a back side source metal layer, the back side source metal
layer extending over the nonconductive layer and electrically contacting the
front side source metal layer in a second area of contact;

forming a back side drain metal layer on the back side of the die in
electrical contact with a drain terminal of the MOSFET;

cutting through the cap in the scribe line area to form a second cut
having a second kerf W2 that is less than the first kerf W1, the second cut
leaving in place the first and second areas of contact; and

cutting through the wafer and the cap in a direction perpendicular to
the first and second cuts to separate the dice.

40.  The process of Claim 39 wherein the first cut does not extend

entirely through the first and second metal layers
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attaching a cap to the first side of the wafer;

cutting through the semiconductor wafer from the second side of the
wafer to expose a part of the first metal layer;

10 forming a second metal layer extending laterally from the second
location on the second side of the die and along an edge of the die to a
region of contact with the first metal layer beyond the edge of the die; and

cutting through the cap while leaving intact the region of contact
between the first and second metal layers.

15 42. The process of Claim 41 comprising forming a nonconductive layer
adjacent at least a portion of the second side of the die, wherein a portion of the
second metal layer overlies the nonconductive layer.

43.  The process of Claim 41 wherein cutting through the semiconductor
wafer comprises etching the semiconductor wafer to expose the part of the first
20  metal layer.

44. A package for a semiconductor device comprising:

a semiconductor die containing a semiconductor device, a front side
of the die comprising at least one connection pad in electrical contact with
at least one terminal of the semiconductor device;

25 a cap attached to the front side of the die;

a first metal layer in electrical contact with the connection pad, a
first portion of the first metal layer being located between the die and the
cap and a second portion of the first metal layer extending laterally beyond
an edge of the die; and

30 a nonconductive layer adjacent a portion of the back side of the die;
and
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metal layer mcludes a slanted portion adjacent the edge of the die.

10 47.  The package of Claim 44 wherein the first metal layer includes a
plurality of sublayers.

48.  The package of Claim 44 wherein the first metal layer includes at
least one sputtered sublayer.

49.  The package of Claim 44 wherein the first metal layer includes at
15  least one plated sublayer.

'50.  The package of Claim 44 wherein the second metal layer includes a
plurality of sublayers.

51.  The package of Claim 44 wherein the second metal layer includes at
least one sputtered sublayer.

20 52.  The package of Claim 44 wherein the second metal layer includes at
least one plated sublayer.

53.  The package of Claim 44 wherein the second metal layer includes a
second section in electrical contact with a second terminal of the semiconductor
device on the backside of the die, the second section of the second metal layer

25  being electrically insulated from the first section of the second metal layer.

54.  The package of Claim 44 comprising at least a first solder post in
contact with the first section of the second metal layer and at least a second solder
post in contact with the second section of the second metal layer.

55.  The package of Claim 44 comprising at least a first solder ball in
30  contact with the first section of the second metal layer and at least a second solder

ball in contact with the second section of the second metal layer.
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polymer ball in contact with the first metal layer and at least a second conductive
polymer ball in contact with the second metal layer.

57.  The package of Claim 44 wherein an edge of the cap extends
S laterally beyond an edge of the die.

58.  The package of Claim 44 wherein the cap has a width X1 and the
die has a width X2, X1 being greater than X2.

59.  The package of Claim 44 wherein the die comprises a vertical
power MOSFET.

10 60.  The package of Claim 44 wherein the die comprises a diode.

61.  The package of Claim 44 wherein the die comprises a bipolar
transistor.

62.  The package of Claim 44 wherein the die comprises a JFET.
63.  The package of Claim 44 wherein the die comprises a IC.
15 - 64. A package for a MOSFET comprising:

a semiconductor die containing a MOSFET and having a width X2,
a front side of the die comprising a source connection pad in electrical
contact with a source terminal and a gate connection pad in electrical

contact with a gate terminal, a back side of the die comprising a drain
20 terminal;

a cap having a width X1 greater than X2 and being attached to the
front side of the die;

a first source metal layer in electrical contact with the source
connection pad, a first portion of the first source metal layer being located
25 between the die and the cap and a second portion of the first source metal
layer extending laterally beyond an edge of the die;

a first gate metal layer in electrical contact with the gate connection
pad, a first portion of the first gate metal layer being located between the
die and the cap and a second portion of the first gate metal layer extending

30 laterally beyond an edge of the die;

a nonconductive layer adjacent a portion of the back side of the die;
and
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portion of the first gate metal layer at a location beyond the edge of the die
and extending around the edge of the die to a location adjacent the
nonconductive layer on the back side of the die, the first and second source

metal layers being electrically insulated from the first and second gate metal
10 layers; and

a drain metal layer on the back side of the die in electrical contact
with the drain terminal.

65.  The package of Claim 64 further comprising at least one solder post
in contact with the second source metal layer, at least one solder post in contact

15 with the second gate metal layer, and at least one solder post in contact with the
drain metal layer.

66. The package of Claim 64 further comprising at least oﬁe solder ball
in contact with the second source metal layer, at least one solder ball in contact

with the second gate metal layer, and at least one solder ball in contact with the
20  drain metal layer.

67.  The package of Claim 64 further comprising at least one conductive
polymer ball in contact with the second source metal layer, at least one conductive
polymer ball in contact with the second gate metal layer, and at least one
conductive polymer ball in contact with the drain metal layer.

25 68. A package for a semiconductor device comprising:

a semiconductor die containing a semiconductor device, a first side
of the die comprising a connection pad;

a cap attached to the first side of the die;

a first metal layer in electrical contact with the connection pad, the
30 first metal layer extending laterally and terminating in a first flange beyond
an edge of the die; and
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70.  The package of Claim 68 wherein the first and second flanges
extend longitudinally outward from die in a direction parallel to the sides of die.

10



