; €3eRNNODP: QTj R6RTRf 0814 June 2004 - 1CH P SCALE SURFACE MOUNT PACKAGE FOR
SEM CONDUCTOR DEVI CE AND PROCESS OF FABRI CATI NG THE SAME BACKGROUND OF THE
| NVENTI ON After the processing of a sem conductor wafer hasl4%ﬁ5'2685ml et ed,
the 10 resulting integrated circuit (I1C chips or dice nust be Séparated
and packaged in such a way that they can be connected to external

circuitry. There are many known packagi ngltechni ques. Mst invol ve nmounting
the die on a |eadfrane, co@RHPISGHLERURFAQRNOUNT b dieadiy ane by
wi.re-bondi ng or otherw se, | die_and wire bonds in
a plastic capsule, with theaﬁggﬁwmofgwgmgﬁégﬂthe capsul e. The
encapsul ation is often donePBPGCESSEE BABRICHA FONG THEE|S2adi ane 15 i s t hen
trimmed to renove the tie bars that hold it together, and the | eads are
bent in such a way that the package can be nmounted on a flat surface,
typically a printed circuit board (PCB). This is generally an expensive,

ti me-consum ng process, and the resulting 20 sem conduct or package is
considerably larger than the die itself, using up an undue anobunt of scarce
“real estate" of PCH | addi.tion j,re bonds are fragile and introduce
a consi der abl & TS re~d+e—=pads and the | eads of the
package. The proble e particularly difficult n.the device to be
packaged is a 25 " v‘gﬁﬂa@gl ,°‘EF§§/‘P%8?3 cﬂﬁé.cg?rﬂﬁﬁw&?eﬂﬁBB@?@’%es of
the die. F@r axsjihgintegrptedeircMOGEH Thipppr didel udtde sepaated und packagded) e
termnals on t I i ' j Al tecmnal. on the back
side of the di%gh fglv%d}lttg% ?}Ey g%%{ﬁ@g&@f}ﬂ%&%ﬁ&ﬂ%%%@% Wa?“%‘ﬁn one
face of the diReckaging teshpigugs loptinmplya mayating theodip eniatleadfraie, Somneciogs 2

12 ?E ETO; t hedditﬁe dBi m%; o ﬂierlaﬁtﬁi@?@lsﬁmﬂg%ﬁain@rbtrfdﬂ&%rdis%f &Me{i E&hgkﬂhﬁﬁg
s), and vari,ous es of in ed circui can_al so pe
fabri ot ed i n e A{Fampne Em&‘iﬁff‘iadﬁ iCAPsUles Wt ﬁ%?&@%%ﬁlﬁeﬁéﬁé‘f?@daﬂ&ﬁew f or
a process H%\hi dhe capsslenpllerermapsul&#on ienfiendoneby hjertionimélding. PriedesRenand
c

whi ch : . . N A
Th:afe P;Oa pgﬁ iﬁ}:e&%e%r}?%}&vguc egl;%% %&églkgﬁgﬁsg'%&%é%?@?&c%ﬁ%ﬁt used

with sem conduesseh gmag thatthepackagaandiesmovntpd oh atflag surfigeptypicallst alpainited
si des. SUMVARY:fehit bokrd (RAEYTI ON I n an aspect, the invention provides a
process of fabricating a sem conductor device package conprising: providing

a semi conduct or waf Hiis eosgetaAly e ckpBhsive tinfelctisuibinglhioBesE AR @b ebultingSCr i be
| i nes, each die conpri.si i r devi ce .surLface of a frqnt

ri.sing,a sem conduct o

side of efch GBS lfr:tlogp%ﬂcageﬁwﬁgﬁgbdqwmagﬁme aSHnBHHR 28 YRA®Tt | on
pad; attachi ngmowbnfisrarde/eealdstmta”atnetht §CB. Hacidditiodewire Holds weffefgile@utt i ng
t hrough t he | : [ ! form a.first the first cut
exposi ng themgétg{s)cthfcg% er}’% gﬁlgﬁgbg)%glsiggg%ﬂ% e%n gieed,lc Bd eaﬂjl?:ll{h? le[aH%oé st cut
having a firsthagkaeh W: fornming a netal |ayer 15 which extends fromthe
portion of the conductive substrate exposed by the first cut, along the
side edge of the diEhe pipblesn ase particuladly diffigultovhen the deviee \sckespaghiagedris ayer ;
cut ti ng. br oUgHekitel RARUCHAN R, RIS fltel bPIR! PEOGLATROATS o

rf of t ving a

the scribe line tog&%ﬁ%@ second cyt, a e second cut h

second wi dth REWERM FEPICRlY hasdiy sorieeapd gate ipaminalponghe fronhyide of theeast
a portion of theaiEitadralmitming ohidRsbRR sidorihddice damilafly 20vdrisal dicieand
fornms a part o% a goqucrlvefopath b(i.tvveq?.n tae condyctive subsirate and a

| ocation on tH¥ aAPdniermingl ogonge facepf the {lig and its cathgfe tsrmingl ga theeppositge of

each die may also be in electrical contact ‘




with a terminal of the sem conductor device. In another enbodi ment, the
process may al so include formng at | east one 25 additional netal |ayer in
el echical contact with the at | east one connection pad. Form ng the netal

| ayer may include depositing several sublayers. In yet another gg@?gﬁogent,
formng the netal |ayer may conprise, for_exanple, depositing 4

subl ayer on the front side of the die, t e side edge of the dice and the
exposed porti f LVE. S . ; [y k 30 |ayer;
At torni hg t Hk e I8 FERAGERLB R HBho Rl HER BN R (TR Spd ST,
an openi ng t Heesek poessaedicifiuits (IGsheani aleo heffabriataddn al'"vertivdl hganfigumtiommai ni ng
portion of the mask | ayer covering a _second portion of the netal sublayer,
the second porti on“‘E?Pfq\{‘P%Ysﬁ@r‘als agiged B apresessiwhich issimplecandlessiexpevsive
conductive sulidxatifg podess@Qng wiechgrle®ced a pdeRagd tRat id RERVAINGthe RAné §ikShs

portion of t tal subl ayer: and . remving the 14 Jupne 2004 renai.ni ng
ot on of e FRcier &SR 0 iy oY aRBers and ke i 28 B¢ noed b
provi des a premgendictdralireibaging tgminaaakagethtpfroat poiback MISFET conpri si ng:
provi ding a sem conductor wafer having a front side and a back side and
IMMARY OFFHEIINWENDIGNat ed by scribe lines, each die 5

conprising a powe I\/DSFT, a.surface of a front de of a die conprising a
passi vation | ayer N30 gspeeh g HsRiqugnopdes amacess Adabricatingm srupieensNciBhd, a
back side of dehiee pickageopiprisinggpraviding asetrédtndobr wafet evhprivihgen slantincsd ve

Substrate. to & |, de.af: .er UL f | n e sem conduct or
waf er f rgr% t ﬁté&ﬁs F g%&é% ?gg&é’% ;lﬁég\%%@ﬁ%m.fﬁh%ﬁ%%%n%\g& I}%lﬂ%tgr ggvé%e’fi SU.I?%CF m a
first cut, teéafiopstideefeapindiesgmprising 8 pasivetioniayer andiatdzgsbenagneeciant of the
conductive 1Qa8uaéHia £corddablive Wbaralddo@ HaBk lic bAKE Watdl; &hffplthiohgh teont act
with the gateqi.on emmntg%ﬁ%é foorm a source netal layer in e egtr,l cal
contact w th THE BBEHASE Btﬁ?rBhaﬁ’%H?“ & Ik £ expep £ sybshgte and ¢ sider s
bei ng el ect r iedgd dfja diesulteaf efdhd fiste havingh fiest widthrWi; fgrangls mietal gl | ayer,

t he drai n.netal t ' Q&Iqté tive

subst r at 2 5i nR?lrIICHa%%rd%?8@otﬁfg‘%:r?&aéﬁﬁ%x@ﬁ§§%§ a otﬁéé&%élsggagg{%%t% di e and
onto the pas$§opgithictdq edge pf the die, andenio aideasbe pertipp pbthc passivgtien ayen Fusting y

i nsgl at ed fr@lgb?getths @@H&l&é@ﬁbﬁﬁ%@al?ﬁ #lind mHtQ{oﬁrés Had foltke échb@uﬂ@ttotfﬁﬁn_
conductive substrate, i scri ne_area second. c ving a
second kerf W tcuﬁ’gﬁ?riggﬂ’? ﬁ%ﬁn‘?ﬁ‘gl}‘ﬂ%?s%@fl‘?wﬁ wﬂl}@t 1§§‘E‘g'1lﬁ§%&"6‘ttﬁl‘? eavi ng
i n pl ace t he fastoddibfWtowrh dut abledsie portivhef theancialieyenlrerhayesn thadide ledge of
conduct i s : ; i . ive
substr at &% non o %%%%0@%95%‘#%%%%?18&%%‘@%?% et EonBRnEAERRHER 1 50
separ at e t he lgfalign onfg fide ebthgdie. anot her aspect, this invention provides
a process for malting a | ectr.i cal, connectjgn between a first side of a
seni conduct or di etlﬁﬁ}ge@gi"ﬁg’ﬁm’8}?%8ﬁk§8§8€??ﬁb%?l‘ﬂ@’ ?Ogﬁ’é‘é@ﬁ?%?fﬂmor di e,
t he process ocotlnetenning ofthd entidveddéter device. part of a sem conductor wafer.

The process conprises attaching a conductive substrate to the first z5 side
of the wafer; cut tlhagpthérembglintehs tegmassrdacsler inlafle forfmirgat tdast crecond si de

of the er : . ' r o L OL t al
Cayer oxtendrid P RRE yBah ool VonaONHE oA 3R LRl Bnind™ 7
al ong an edgéronetehlayefineayincludredepriibegstvpral subltyershe conducti ve substrate;
and cutting throuag t he conductjve substrate while |eaving intact a region
of contact betweedd¥Hengbensmbodimentgierming dheppiglleysr veaysomprisater example,
According t o dapsithera maRetblaydritnhd RYRRIde@RHRIGY HilasdAedpaekage for a

sem conductor device conprising: a die containing a semconductor device, a
front side of the e dice@iPthickf@ec@pRass bVt comlvciyesubaile; depdsarBla AN
connect i 3@ pad, t h& con ecti?]q?fg )Fad bei.ng in el eﬁ@j‘ri calléicont act, wth the
seni conduft of e PRIENNG thepask oyl dempyipg 2 RPHIR Ab e mpsk layer e aS il B ¢ he

di e, the condpatingatxades e fitse pattiogofieyrneta sablsyetl@ ratdgaind5 of the die to
forma protruding portion of the conductive plate; and a netal |ayer

ext endi ng from t hepopiantaf thebinmegk pyertcowaning b stdoad paficuctthemetal sublyeratheng t he

Cde ed f - - ' , . bei
e

a nnec
side edge of the die; removing the first portion of the metal sublayer; and removing the




3a 14 June 2004 According to yet another aspect, this invention provides a
package for a MOSFET conprising: a sem conductor die containing a MOSFET
and having a wdth X2, a front side of the die conprising a source
connection pad in electrical contact with a source termnal and a gate
connection pad in electrical contact with a gate termnal, a bd¢RumEr¥d of
the die 5 conprising a drain termnal; a Tonductive substrate having a

wi dth Xl gree}_grgéﬂjglgggrﬁa(ﬁp gﬂgsin%rattached to the back side of the die and
in electrical n termnal a drain netal layer in

clont act w Ejh a ]E)I’Q&d‘cuﬂdiﬂggo@Qjﬂﬁdr@ibeajﬂﬂshﬁjeﬁﬁdﬂqj@ﬁd?@p&M%bf%ﬂcaﬁﬂgﬁextendi ng
al ong an edge t he die ering.a portion of.a passivatjon er on
the Tront s eokset {Ra e MOERY SRk B vind Siboio0F wh hda 1ot

i nsul at ed fr cidetahda bavhnie pndeonyaidng aphtditsof dicsepapdted byl sayibe lirien, eethadi¢ r i cal
contact wieth : ' : : . - ay. k0.

el ectrica c?&ﬁgggé:iﬂi{t ?@%;%?%%{E%%g8??@%&8?;%;%@%?§%%@“&%m her
aspect, thi s 8§ EBECEANINSERNF RIS §NHA JPHER goane pad, L} ¢ elanins g
C_ogpri ?i ”ﬂ: & R tepRMEL G4ehin hgormm@isﬁﬂs&&e%ﬁ@&&@%@f&ewa%%&?g a first
SUbst rat e at CHEHEUTA e GuaHa TEpUBe SPTOHE ChINeoAF FUbG PrPa M aeibendi ng
fromthe firdbmsafietak, thdfstduchaaingadira keif el adgepaingtalpart df e andlutten nat i ng
in a flange nd. £ he. side ed of .the_di he fl ange being.in contact
w'th e HondBHEHGLnl e g}@%ﬁﬁ%ﬁ?ﬂi&%ﬂ;ﬁ@ﬁ%&ﬁ@@%ﬁ R sl o
fromthe at [ferrgng asvarcsomtad dtyecn Aergant With thetsowrgetonpeativhpad, egatet , thi s
i nventi on prQui ] : ;rlﬁ%ﬁflé LS FRg fve
substrat e; a%é?gﬁ 't_?ag%ﬁ%g?hmg%%&dﬂgétﬂr |£§ﬁ§)ﬁ§acﬂe@bl?£ t a(s&tﬁ _3#1%%% e, a
passi vati on Ha¥h thegiain metablayersppfacting thegxposed part ¢idhgscopfuctivesupteate ipan aga
separat ed fr Qft@faPamldRhdiBy aRn@hrédat bf the 8k aR@61ab tiRIpadsivafii@ver, tRé\daia et al
| ayer quingth bot.t ons a% ?I of .th trenchsgnd teﬁ%eiI onto the
passi vat i'on PR avechReeischicalisulated oy the sk e egrReal JAYE; PR | on do
not require dmoeghchycéibucdiap substatein thesedbelinessea tb fremsisoad atitchaging astvend t o
the die serv ] gfﬁ, - Si | e . the
packages ar e%@@h@%&%%ﬂqé&o é@%%@%&ﬁ%ﬁ%@hﬁgﬁ%é%%%g%dﬁc in;
t hey provi de batween thedein matal lasi sadithe eonduetive ebsteirsiand meftieg brougl the seafer

particul arly ahd thelREndtefi®RS substrai@ s Bitectibd PASEndichREY 1 st and decdilGits2904
-4econom cal to Pt#tg\g'&ipg’ since they require no nolds or |ead franes; and

t hey can Be § ‘Wi de variety of sem conductor devices such as
di odes, MOSFETs, Mxkdslinglib petlagsthéragpest, Hiobsentiog piotideoaprotesp s nldngahegr at ed

[ it chi I,.EF DESCRI PT1 ON THE .DRAW NGS 5 Thi s, | ti i1l b
bt or  under SIBBRSRERaT ERAETE A AECPE PPN it WL BHEEn P Agobd, -
scal e), in whsidelof tiestrhizonduciopdinghe proesse canmencarg whilewinbdie isd.paftiofja |

illustrates Q.hRBndd ' - ' . 5, and
6A- 6B t hr oug%_ 12A-&F§%era?1§§£gggéfg %Eeiﬁ& %%%gﬂ%ﬁgafgﬁ%?%%%@%?}etg%ﬁ%ati ng a

seni cond#ét orids gt fhggeisrreuingdhaughcie somiepndpgter waftidim te seqong sidgaf the
i |l ustrates aaEgkd ipoyd f tite RAMIEONA SR, fRAfADBethlaRe 6}&&%{%@@\6&1& h

this inventign. Fig. 13B iJllustrates ross-sectlonal view of t

sem conduct ontopubR Hguiotendhe seiorids of e lsaloiizas bl S Bl R Ae PR B a

sem conduct onf fleckadyetivasubstrate; and cutting through the conductive substrate while leaving
intact a region of contact between the metal layer and the conductive substrate.

30 According to another aspect, this invention provides a package for a semiconductor
device comprising: a die containing a semiconductor device, a front

side of the die comprising a passivation layer and at least one connection pad, the
connection pad being in electrical contact with the semiconductor device; a conductive
plate attached to a back side of the die, the conductive plate extending beyond a side edge
35  of'the die to form a protruding portion of the conductive plate; and a metal layer extending
from the protruding portion of the conductive plate, along the side edge of the die and onto
the passivation layer, the metal layer being electrically insulated from the connection pad.



-1 S accordance with this invention wherein solder balls are used to nake
the el ectrical connections between the package and a printed circuit board.
DESCRI PTI ON OF THE I NVENTION Fig. 1 shows a top view of a sem conduct or

waf er 100 whi ch contains dice 100A, 100B through 100N. The i ndivi dual dice
are separated by a perpendicular 20 network of scribe lines, wiltHsE0fbe
lines 108 running in the Y direction and ¥cribe lines 110 running in the X
direction. Metal pads for connecting to external circuit elenents are
| ocated on the topEMimeleyesanQihy I%SRS’FL%WWPE@PE@G fpemget%é e,
since dice | c@@@ns’hﬁgmsﬁma@m&omﬁémmﬁhm @msdHETSEEstm aﬁr]!dﬂdxz arﬁiﬁatadéour ce
connection p 106S an ate connecti o 106G, 2 er

typically haé)(flgl ct’i{’l*ff"'g FPUEGe SO ﬁ@%e%ﬂﬁﬂngcgﬂﬁ%

typically si Ianrtmgatbqnmeqtlonpadmembentmﬁmm@rgabﬁnmhd@mmdeﬁﬁﬂ'@rdml such
as silicog c B, BB RAAR: subitrafl 236k PRAIFRY (RoarcPRAKS ofld CC

100A- 100N d f t I t.h t
be connect gg%@l&%@?&c ?‘Hﬁl eéa%m%qqfﬁw@@ﬂr%%geeﬁ'ﬁ g@%ﬁm\vftﬂ#@dm@ﬂwm 'e}nae |m s 0
Itl I uzt r at Ied Idfmﬂngt‘al la?eﬁn?@ﬁta&wﬂl aﬁoﬂﬁﬁiﬁﬁ)ﬁ@ﬁdfﬂfe@d@dhoﬁ%uﬂﬁt?teabﬁl ch \SIQO\IN
WO | Cce r can Ile
oy e i o glate o i Be BR dnllingd BN ARG Hon EFin mEROR 1 |
wi | I be undemsideobtie tigathe d@ﬁnnetﬂwmgblmaﬂﬁmwatpd]&ma@ conmrgtiropdsya

t housands of sg.'lr&,emethlrla mz&&ﬁw&amwﬁm%@mdee&me@mﬂa@ i ghenieabel ed " A’
is atop or n]weﬁlof the fer; the fig relae B" |s an enl ar ged

cross-sectio ieeRacs with the gatecoppection Fadpe| ed B— B' in the "A"

figure. As descrl bed he course of .the process the wafer is

attached to a condif&® HE%Q%Y% ?ﬁﬂ’%@%%‘{e&@nﬁm‘fﬂe@%% }%5& ng the

conducti ve plsertigonduptot cﬂmﬂdelcmnpm p achkiegelutthedieadngaininga seoneraidiigiorplesice,i oned
d th

under € CO%@S&EEM{VS&H&&E%@W%%%@& SohEct BHB{H;‘ %obﬂBuEﬁ\% Gl% ?aoh&e

structure my I nverted e conductiy te under

Unl ess tHé 16 aesrensaidef e dis; ametl layerestending fiomdhe ﬁr§§lﬂ§§é&l@ﬁ@rﬂ&nﬁa8@50ve
"bel ow', oveﬂgeofﬂtertﬁkeand taﬁﬁhaah@mraﬁang&lba%nd ﬂae Bifle édpkOF the dic, ﬁhhﬁan:gatbkmge in

its finished.for the ¢ t at e e wa Th| vention
Wil be descit el BRGEAREHT-re 1 268 A7 BEnd QRetBly il Bl

whi ch typi calatlyaShwogmncu@lmdd gate terminals on its front si de | S and a
drain termnal on its back side. It should be understood) however, that the
broad principl es d¥cceming to e enethessspeah tisinyensien provilans seateaaductorsiRelee f or

any typeof semheamssInictit Subshate:h ﬂhﬁ&lzt?@?seﬁﬁcdﬁﬂﬁ&oﬁ&%%%%&to% bot hits
front and bag@j&des or an jts fr%ir}ﬂtIil s(iﬁdcg al o({u g;sgﬁ erein, "front
side" of a diFEPSBRteesyvatian iy opg fogks! %Ffé”scﬂf %FCHS‘F? |ch t he
el ectri cal déronc@eh amelfbgrralmnﬁmjyofparmebfre&ﬁesth:&imaaldaﬁarm@&ﬁsboamms ar@cat ed;
back side" rof ﬁp& ercﬁ% a%@@?t%ﬁ édtd%eg)%ss}vhﬁon g O wafer. The

di rectional arrow p0| fYOnt"Si de of the wafer and

identifies the dr e to Figs.
2A- 2B, since dice %ﬁg%ﬁor%gﬁﬁ a@?oal ng?d(;ﬂml}g'riﬂ‘}%l% ‘%ﬁlrgﬁ%?g lically),
each di e 2has capsglgtoe bersk vaires| thy substtge aitag taﬂmsh%mree@meneenthﬂ digand act B2S
overlyi ng t heedt QL SHiAss ﬂféfé)aEﬁ%essdré{fé}QE}nﬁf (e%t *3@% RED LRI l&fgé grial.

Gate metal |ayer 102G and, sourc€ netal 102S are in electri cont act
with the gat &b MPWQE&WQW@(%%%&WF sepicopdictar deyige. pticuldly ihower
MOSFETs wit hlﬂmmf&qsggammerlﬂﬁﬁaml n Fig. 2A, the separation between

| ayers 102G and 102S is shown by the dashed |ines. 30 Typically, netal

| ayers 102G and 102S i nclude al um num al though copper |ayers are al so
bei ng used. In nost enbodi nents of this invention, netal |ayers 102G and
102S need to be nodified so that they will adhere to a solder netal such as
tin/lead, for the reasons described below. If there is a native oxide |ayer
on the metal, this native oxide |ayer nust first be renoved. Then a

sol derabl e netal, such 35 as gold, nickel or silver, is deposited on the
exposed netal. The renoval of the

I )

oo
U'u




14 June 2004 -6oxide |layer and deposition of a solderable netal can be
acconpl i shed by neans of a nunber of known processes. For exanple, an

al uni num | ayer can be sputteretched to renove the native alddna?itxi de

| ayer and then gold, silver or nickel can be sputtered onto the al um num
Alternatively, the die can be di pped in_q 5 liquid etchant to strip away

the oxide |ayer, Gcan the be. d site

el ectrol ess or e ctr%l?té o%{.ea?ilng% gl e%"t"‘reﬁoe?g Ioéqﬁ8$ G‘Hﬁé‘el’ﬁ%ﬂh@e
of a "zincati ngusegrfet@s\%dqwnscpﬂsamcqmdectoxddac;esfsum asdiddésy M@SFB’mtl ng of
ni ckel to di spl ggerd BpoldriantiStors 4hd @15@ s, 102G and
102S include a 3 Tun g’ubl ayerl 8¥ 10%@06 Pgal n Eﬁm‘?&‘é‘ﬁ@‘y PSri N subl ayer
and a 500 A Ti BRIER RIPPRONIORTHIRDRAWINGS4 overlies a portion of gate
nmetal |ayer 102G and source netal Tayer assi vation | ayer 104 can be
folr med gf phiosph05| I T.Fhmhmaj;haﬁm(l BEGEttér lmderstd&:ldtﬂy ref'e%nf’é@?ﬁ'f%ﬂo@fn

pol yi mi de or a.SS|vt|on ef | ny :
connecti on pad %g’g&g g%)sou ?:c(? &"Y]B%‘Tg‘"ﬁﬁﬁé ntﬁ‘@e““‘lﬁ@i? and 100B
are separat ed byuaberedcribe |ine 108, which can be 6 mls wde. X-scribe

| i nes 110 per pendi cuI ar to scribe line 108 at the top and bottom of dice

100A and 100B can beFig. kiillustiateg @ tomafenr ofizp@mieenduntor malféry be ground from

its backside 112 to }g thi ckness T 20 (about 8 mls, for exanple), as shown
in Fig. 3. The grindFis #¢Bed: & pnd E&Iﬂwlaléhmﬁﬂblmabhhmaewdd abl e

from St r ausiSaugprocdd rofﬂﬂ)ri‘cﬂl@n sdﬁ@ib&mdc{‘tﬁ PhEIGIRE iF h&BrBinc i s § ? rition

typically taped. Ginding reduces the resistance to current f fom't he
front side to the baFig. SBAeIlmftratebabwf)ﬁfwe%fa%eﬁﬁéc@nﬁﬁe%fg %eﬁf' ndi ng,
e

waf er 100 can b or 25 etching the bac of the

waf er. As Shom&c&%ﬂ&e&ﬁ ayer 114 is then formed on the backside
112 of wafer 100. Fof XSH R i ncl.ude, a, 500 t

titani um subl ayer ovelgFal n ‘EU {égtag%cbqlsi %lfoc e% %et’nlﬁ?ﬂbd‘ﬁtqpﬁf’lf?g& | ver

sublayer. The titanipg lmilﬁﬁﬁhteﬁﬂgr& sé’cqfonﬁﬂﬁla@%?ra%e 885(:‘{916? 3‘ ted by

evaporatio utterin ayer use

or s .
adhesi on t gst heacg?’id@%‘fe %‘ ﬂEH"’@E’é‘)@D whrsiysolsteg baldy @wuswbtqmalgmﬂls htmmczah

Fig. 5, a netalcophaitiond bétwesn ttid jackag 4na A mindd sigx@rbohddt and the backside
of the wafer 100, using a layer 115 of a conductive cenent such 14 June

2004 _7_as co ION OFTTHE [INY or netallic cenent. Metal plate
can be copper or aluminumand can be 6 nils thick, for exanple. As shown in
Figs. 6A-6B, wafer 0@ 1 shawea topsiieny ofia semicondicorawaft tohghihvonalgndics he

i dih of 't'ggfes?ﬁ’?%eIP?I?]?“?ﬁg*ﬁf“?@Wﬁ%m“‘dW’ bonk akitba by s bRRelARTeE” 1

expose a sdPf ad¥tyarg ‘BCfSC‘F'PRel“PPét With seraheclines d O sunping lla%leéf dleeﬁéwgmdlsmb@f

the dice 100A anﬁswoammzignnttmx:ﬁfmﬁdn NRMdtal pads foblcohfeciRg %‘oebgﬂﬂl digif | be
lines | 10 at t oi nt u 21s

roces ti.tani um s
then sputtered %a’i‘:rlg‘f?fect‘?‘ﬁ@g&?p %H?aQF Ofe‘L‘F?‘l‘Iféhe gise d PPAGl 00 %ﬁsm vation
| ayer 104, the ee;empbo‘smomdmad@OA(]@m\Hmihtalﬂﬁ&lchl v@fM@SHES‘H I da8K Qielhag a0f

netal plate 11 f _dice 100 100B. A 1 |un
al um num subl a%g}]ﬁ:?go u%ggd ?Q)%‘f%“er egatgﬁoﬂ?ﬁﬁ% ﬁglﬂgum subl ayer 122.

Subl ayers 2 arid § n A mask
I;yery124 ?g dep|05| ﬁgfeg\}g? S aﬂ h@%ﬂl’%& Eﬁ%é\l%‘?g %F]lc?gb st ﬁ&§k
|l ayer 124 is pdtPds Apira 1M§1lwgnb@memlﬂ@fsa|bemoﬂ@r sarhiggndyriranatetifiodeh asnd a

portion of Iayeﬂ,cbﬁéﬂbsdg@:%& ﬁgma])élegildgl ng the pattern shown in Figs. SA-8B.
As shown, the portions of otoresist |ayer 124 that remain cover the

connecti on pads 106a§mcﬁ9&ﬁbowaemh%qobkslmNeﬁ{eéueld% thifbet h€ side
edges 120 of dic 8 g I%0025 tg 88”' on of passivation Iayer 104
adj acent the 2&° glfa@% rmy 53t llowr; them 19 §a carnecieddp ex ol sewitiyt | ayer |24

is.also legf in pla over a port.ion of sivat.i.o 04. _Subl ayers
122 and 12 6are theﬁﬁéet PR ?ﬁ'?‘bﬁi&ﬁe‘i‘}?é‘ ’gaﬁﬁFﬁGQ I lﬁfh%ﬁ&%ﬁ étsaaasdéx-lm
using a wet ch®Bihedugbt I2¥y12B, Whichrshoed teiordicep DIGA @xﬁtBl@IfB HaohRrRed ¢fta | ayer

124 are stripp | e sho in Fi

portions of 25%‘5‘364"5‘1‘%@?‘%%@“2‘?%@% &a q}ﬁc?rﬁ grcﬂfrBﬂseﬁ 35 106G and
1065. These portions are designated 122G 123G and 1228, 123S,

respectively. Another portion of sublayers 122 and 123, designated 122D,
123D, extends fromthe exposed surface 118 of netal plate 116, up the side
edges 120 of dice 100A and 100B, and onto a portion of passivation |ayer
104. Portions 122G 123G and 122S,




30 123S and 122D, 123D of netal layers 122, 123 are electrically insul ated
fromeach other. A nickel sublayer 126, for exanple 10 pmthick, is then
deposited on the remaining portions of sputtered al uni num 3fdHAg 3904 23,
preferably by electroless plating. A gold sublayer 127, which can be 0.1 ~m
thick, is then electrolessly 14 June 206&-pl ated onto ni ckel - subl ayer

126. Tfie$i-esu r

126, 127 are di \kﬂ h@iﬁtfg%ﬁgrb? |"§§§$4fég@5&%$%10%‘5¢1‘ﬂ3%°mﬂ§ ‘B?JP‘??U*ELH@%{EZS
123S and are |ﬂ°’éﬂ‘é&$ﬁnﬁ§9fd’@9nt act with the source pads 106S; portions
126G, 127G which oveg ie portj ons 122G 123G and are in electrical 5
contact with the gat i sRehddrawme whesziappiicabls the figers lahﬁfftb“@hlﬁtmtop\pebbttem

portions 122D, ti28Mdfahewafes; iho fi Ihbélé@*‘BEiHH@éiﬂar §§1§‘ec€16ﬁmlé&fﬁkﬁa'

gr ef:[]sl SSY: §:/§I nsﬂi’é?e%%fl}%‘???éiaﬁ g}e‘;&sﬁg{ﬁ 76@??%%11352’31%6;35?%%‘61{326 may

al so be copper o&thegpracess thy velfeds atbip:lhadi tong coridhcise plam;\/[hd back isile of I wifeB,

subl ayers 122, f2 Igﬁg thes er 129.. As will be
apparent to thoseﬁgkt}?? %]a{e |nm% d??a%k%otgl &Lﬁg‘%{g SAEANY| ayer 129
can contain feV\E‘?SﬂéﬁnCF’fﬂ\ﬂéﬂt‘lhaﬁmﬂdmt“’%Bbl%l?kh@lghWISe!m@mntmmnhb ptogyssrthd 29

can contain fe\l\ﬁf-ucq& fRAyEhel AR e, t han
two pl ated yers. e slubllh%e};s tf}ﬁg%&so (%gh%‘?%g{seﬁ?lggp%g%y%& ?‘F{ﬂéggtﬁ

processes suth S W& ttr’SE\‘P BIRs: @8 ysegrhergin cabayel ibelosy at'ovey ),
stenci | printi ng“mrdes’cmﬁenharsimumermss@wrwﬁfe%aaatza?%e mz&m&am Wwith (Re

sonetines refer re ectively as ne | ayer 129. At thls stage
of the process %%g}lzét?vexﬁﬁ %%?Tihfﬁffctor structure conprising a conductive
substrate, represent hat |_ur conduci or 20
di ce 100A- 100N attacﬁgﬁq%{ g%ggggtdgs%%gd%eg‘? H?ee}/%a}t%ggeagéa EeAht ed

from each ot herPHYerpdPSFEDL “@HW@@IY hdssonrcenvd gsteeimigals epiis femt sideby t he
cuts extendisng édar@a&gﬁl l%ﬁﬁm‘ﬁ/ﬁ(f)l?fts E&L%sxc?c it %lcfb@'ﬁn@érstﬁé‘cﬂo%@erc&%{ eSing a

passivationlab % ﬁ netal . layer 129 DOt L OHB aho wal | s
of the trenches”QAGPEIYE apﬁgﬂﬁmvsmfwaammtq f?ﬁnF§9ém§Ck325 famydype ¢y, a
| ayer 130 of sodetiicorpinstos diﬁwhiﬁﬁmwbﬁkﬁi Ihofél’teﬁﬁiihﬁg%nmoﬂpft@f}oﬂrhnﬁtbaélgﬁﬁés

t f th | .sunf h | t
et | oved 1o pr ot ReRifieRr 48 Hogdpiin shdt Fomaties sl ddicor wler b o
1285 and t he drtithe side g epbsoswa_ﬁsmwmmﬂmleﬁml déyiézesbworsmegm st s
1265 129 20 ARl b ORIl o ol

in Fi gs. 12A-12B,_ dice 100A

plate 116 in thwafoL dﬁ%@lﬁ%lﬁnalﬂﬁ@%bhﬁlsd aeppmt%feltb%ﬁedt :sdn;hfthha\tafetrtwdkerf
W2 of . the cut iidem#f&s th)@avwkedshin WhiciPlhe WiferGYinJe@l, Was previously made to
separate dice 100A and 100B. Since W1 was 6 mls, W2 could be 2 mls, for

exanpl e. As a resul tRéfbainpootRign 2@;f-2B’,Bé’1ﬂde diay B00A 284 161 cOnthi@Pdsverp t he

id d d I
and forms a parMOSEIS Whtent it bR b5 e M iae 4e andab ang
the drain é’él deﬂoum@sn@alllzwmes@eeﬂﬁﬁgﬂmpmﬂ&emfehe hitinorsepahat ed from t he
nei ghboring di cgpydidy G@tloIP( nﬁ'tér{?xf S‘% IPé{alclH%érc}%gG%desrbugcgo %@qﬁ}éqrtlgg$ g.re B ce

116 al ong the X—scrl Saw.
| 00A and 100B c¢ftnenl senfactavidhthergata mdesonmegﬁmunalagncmshewn); ré¢spectivety, pBct i on

by phot ol i t hogria® BbeePRICSHETsRGIARAI Rt t esul ting
sem conduct or gbev?cee gackgg%psl 40 ?slfh@%n%r? I%O%Ofgzqk\d&(;'vﬂég%eptg%goéectl onal
d

vi ew of packag efuesn lay Rd Ikp%gs @?BOWPMB@ ashed lisewpri ses di e 100A,
whi ch has en inver co \ﬁlé;lh Flﬁ] 10 12B.. A front side of die
100A corrprl es conne Srsll 2 28ancludsalymioyn, ajthopgh copper

seni conduct or deydrcare (aBo@e;n@dVﬂBEEﬂibsWrﬁlbbdhndm@ ol GRAIRRSiRASRMakjepn | ayer
104. Package 14Q,@f ad f(ﬁ%lnecg %o 58 1?1% ifi e'cj[\{sg tﬁ)at%'ney MJHGadh%rebt%Cakso eg ?ne(t)gl sgcl:he
as tin/lead, for the reasons described below. If there is a native oxide layer on the
metal, this native oxide layer must first be removed. Then a solderable metal, such
35  as gold, nickel or silver, is deposited on the exposed metal. The removal of the



100A being attached to conductive plate I 16. Conductive plate 116 has a
width X2 greater than a width XI of die 100A such that conductive plate |
16 extends beyond 1 S a side edge 120 of the die 100A to fdfdiee2 %&Otrudl ng
portion 142 of conductive plate 116. A flange portion of netal layer 144 is
in contact with the protrudi ng portion 142-of t he conductive plate 116, and
netal | ayer 144 for . otr rtion 142 ng, t he side
edge 120 of the EE}QISO%]R&%%&F%@%?E@ E |r8‘§? %ﬁngggqmﬁlﬁg gl? aeaps of
layer 144 is i nﬁmbtmfd(abwnmwssesmfbhexmlelramalhnﬁﬁutrﬁlhﬁ&rrbah bekpiithie- N%FET
but is electri C&Eﬁe\ﬂtbﬁ‘éﬂ ads S and

b @ 85&9@51?&#{5&1? oﬁ.ﬁlggg}%;' hﬁ’d‘m P gg{d'} O'i silver 0’68

connection pads 1 secon ayer s5ih
Wi th source corﬁ?echelssﬁﬂ%aféien@dlzsamvn@nealﬁmww thaglig candw dipped igat e

connection ﬁadShcjul@ataaﬁﬂdost@dﬂ-i tﬂcbﬁﬂeﬁdﬁl‘mmthw@ldmeﬁ%@p Eﬂa 'hi%zg but

nmetal |ayer 148,1s rical cont t.h ate connecti on

ct
electrically ZéiePHE‘kﬁ aRy & QBE]FE'EO Soﬁ %Hﬁ@swz@%ﬁ’& udpethgruse n

term nal of theofOBHERInPamoass té 413 Iaaﬂﬂﬁa:ﬁmdey félRpwedwyittae pRiing bPhicRNAAP! €,
a PCB using sol el a&%&?@%@s and 128D Sol der post 128G 1s not shown in

Fig. 13B but it oo Wou € connected to the PCB so that the source, gate,

areu try. The. dr et onk Mnbdtittpieb e 1 0% G e“%mlé}diaéhe SHpR o
el ectrical 1§ cﬁ%ﬁb@bﬁ%lﬂﬁﬂéﬁﬂ‘i sablgyenned a 506 A Hawkkyer. | 40 contains no’

wi re bonds and, as has been shown, can be manufactured in a batch process
using the entire waf#passiyaiionayesiBheverlies apertionof patearetallayer 402G apdckage

1S0 which is sissttcarmétsl l&ﬁrﬂﬁgkayﬁssh‘hﬁoanﬁs%ﬁﬂ’m tdie ﬁ%é&bfﬂ%sbﬁosihc% 1
S2D and 1 S2G ('T%j Egamt I n ﬂ(g ‘?_é;g 14 June 2004 - are used 1n p ace
of solder post L1494 thicks forgzamplg, og gp BQFP%“ yOB&BESINi ed in a
convent i onal rrman:evath:yx lohegwd 64 wefige agatercofhartion pad D06 end Giiree SsnnbdticH her

processes gygch faa §§§§en printing or solder jetting (using, for exanple,
equi pnrent avai | abf rom Pac Tech GibH, Am Schl angenhorst 15-17, 14641

Nauen, Ger many) or tmcblfmtm ahh%t)ﬁfa% sl%ﬁfét‘édhﬁﬂ %E‘srcni}@hlte g%’%@g@r ayald gl e

from Shl buya ngf Ja an.
Conducti ve pol Jﬁ%ﬁ nﬁg's%ﬁl &??étlﬂgﬂ’eﬂjlet‘@r:ﬂlaﬂwnb%mﬁéoﬁ‘ af the semaide
thernosetting fottpmesfliceBt i aamt POIBEdMas4 nils wiler mopl astic pol ymers. While
a specific enbodinent of this invention has been described, the 10

descri bed enbodi nentWafer il 00 eadidkidlly Hm%rbhthﬁbmatsibaekﬁdiﬁilm{odﬂﬁﬂkhéﬂ%q For

exanpl e, t dicgy, on | s front .side.
TCWI T be” Sppa o i Bk A SRR, TR e Ry b vt
alternative enﬁﬁmgr?emlgillw@a?m@%ﬂwlebhfrm ﬁtmhé)abgbabueng)ﬂ& goindirpithe
nvention. — 14rohSile 80WARE100 MBploknY farkl AndRATRAL R B rells BRAGESS O
fabricating a semctﬁl grtor pac }Erov |ng sem conductor wafer
conprising a plUFEM PV &P %’éﬁ‘é?éﬂ%%@? side pbtheiwafess, each die
conprising a sem congduct r devi ce, .a_surf e of a front side of each die
conprising a passiv ﬁ%‘na 1RAtive 0 grinding.cwater {0 candedbnned by pingart achi ng a
conduct i ve%ubﬂdmtgalhbbaekhd@&f&edﬁfﬁt the wafer; 10 cutting through the

waf er along ascribe line to forma first cut, the first cut exposing the
substrate and a si deAsshgemdh Fig.di, e mataldaydr 104 ig then Forireid otilthe baokisidlg 12 2fdfr st

wi dth W; formhg.a et nds -f rnom t orti.on of . the
conductive substr at e expgggﬁ%{@% r}olﬁiaﬂ&?@({ﬁ qlp mCI &n 9@1@ WAy EMSY @ & the
di e, overlain by a 3,000 A nlckel sublayer and a 1 pm sxlver sublayer. The titanium,
nickel and silver sublayers can be deposited by evaporation or sputtering. Metal
30 layer 114 is used to provide good adhesion to the silver-filled epoxy, described
below.

Next, as shown in Fig. 5, a metal plate 116 is attached to metal layer 114
and the backside of the wafer 100, using a layer 115 of a conductive cement such



15 and onto at |east a portion of the passivation layer; cutting through
the conductive substrate along a line that corresponds to the scribe |ine
to forma second cut, a kerf of the second cut having a sedfdEnereh we
that is smaller than the first wwdth W1 such that at |east a portion of
the netal layer remains on the side edge-pof the die and 20 forms a part of

a conductive pa d.he gyctive substrate and a location on the
front side of IOt eagll%nel. § ’[P%gﬁgrg@g%%’? Y ﬁcrﬁcﬁnef’hﬁ{lﬁ@fp]@&ﬁ&ﬂl@lcﬁgper or
thinning the sedlgimgnandcamb¢ 6mibethivkefartekaapleng a conductive substrate to
a back side of the wafer. 25 3. The process of Caim2 wherein thinning the

seni conduct or waf er A&#hPWB s Figs 6468 wafer KMk cst, dsingh coineentiohalidicidg The

process of Cai ﬁHvZ_aMi%'tﬁéY—&&iﬂ%ﬂin@gokh%ﬁﬁ&&QWWIWtﬁéc%q%'%ﬁ%as

| appi ng t he acﬁe&ﬁﬁl& the.wgf er. S,  The process o al m er

t hi nni ng thesbse B 1BF Sctheeined6 e lihs &4t ismadedust drep ¢remvigh$0 epast at he

wafer. 6. The pmfaesslmfoftﬁeahemnplmqneiaa_mm%er&gest CRGE ) Ceﬁgﬁrﬁ% 1%&? d?bﬁe
uct,i .

2004 13- . TheloBscl MR TR 56 RS nide Along ohreniine s dubt i poiniomae

of a material s@e®eeeeds.-fi-omthe group consi sting of copper and al um num
8. The process of Caim1l wherein cutting through the wafer along the
scribe |ine conpri sed 308 figanisn sublayer lp2ds ten spﬁndﬁ,:fiom‘lﬂ}'b frdirt silerdf Griférd NY
t hrough t hejonaf oo, 3bshg!the paGivalien 1dyeF 1600 { ek | [
patte?ni ng and et chi .gtlo.p Thél {):Eloggss of &%’?’rﬁ@) ﬁ%‘@?ébﬁ@ﬂ?ﬁ?ﬁ%%@m al
| ayer conpri sese@ﬁﬁ?c{gﬁ’faﬁglllsf’fw pite] 16 apd theevidesgrdges p20 ofdicen §02A aad ond
netal subl ayer 1003. AhE;uﬁlanlﬁﬁjnﬁﬁiﬁibla?ﬂbisngﬁhenléﬁuﬁérﬁdBﬁQ?ﬁBPﬁﬁﬁﬁmpf Gaim |
10 wherein theg‘ibi% f%a% ﬁublay cO rlseﬁ ti'fani um and the second neta
subl ayer conpriSes 8l Ui n HRlaypss ﬁf’él h_c?é§§ ‘B’f’nltlj EWA'Mertelhg fsce)(r:(r)nngg a
first netal |ayer c | ' thi,r,d.metal. s ayer. on
metal subl ayer. 13. i.Ee'E Eéoé%ggyo‘ﬁgs&alg}(%lfg lﬁ@o&t‘#{?‘ﬁé Seiplpyes hgd apd 123.
subl ayer cdrpr i Bwioresisiinaskelayer 124 is pateerped) nsing coﬁveﬁhan@pllﬁtdlﬂtlﬁj’gﬂ]:{hrj]é o;m Pg
[ || [ ' : er .on |
met ol - subl ayer | e oS pRRorbAkeR12R ic ficupa ThBing DR ikt i
subl ayer conpr i'BS%%Bg O&flﬁ)wn, the portions of photoresist layer 124 that remain cover the |
connection pads 106G and 1068, the surface 118 of metal plate 116, the side edges
120 of dice 100A and 100B, and a portion of passivation layer 104 adjacent the
20  side edges 120 of dice 100A and 100B. Photoresist layer 124 is also left in place

over a portion of passivation layer 104.

Sublayers 122 and 123 are then etched through the openings in photoresist
layer 124, using a wet chemical etchant. The remaining portions of photoresist
layer 124 are stripped. In the resulting structure, shown in Figs. 9A-9B, portions of

25 sublayers 122 and 123 remain on the connection pads 106G and 106S. These
portions are designated 122G, 123G and 1228, 1238, respectively. Another
portion of sublayers 122 and 123, designated 122D, 123D, extends from the
exposed surface 118 of metal plate 116, up the side edges 120 of dice 100A and
100B, and onto a portion of passivation layer 104. Portions 122G, 123G and 1225,

30 123Sand 122D, 123D of metal layers 122, 123 are electrically insulated from each
other. ' :

A nickel sublayer 126, for example 10 pm thick, is then deposited on the
remaining portions of sputtered aluminum sublayer 123, preferably by electroless
plating. A gold sublayer 127, which can be 0.1 pm thick, is then electrolessly



20 16.. The process .of daiml wherein formng a netal |ayer conprises:
dep05|t|ng a netal sublayer on the front side of the die, the side edge of
the dice and the exposed portion of the conductive substrai®JuRRg4 ting a
mask | ayer; patterning the mask layer; 25 renoving a portion of the mask

| ayer so as form an opening t hat exposes a first portion of the netal

bl , . ti
of the: met al " suBrayapBRkd e Ber (5 T8 el ufirits i Budrag bR ek dga-n
contact with th@&oﬁnhlayam&ésmtaradmded impocpottienssi288, E2itgewhith bhealidi e; 30
[ the f
Famai ni g por t | BoRPISa8s apd & Th e fubi RS y e SETRYAR 10BS: oo o
Cl ai m 16 wher ei PPrHeRvEI6G, H§7ﬁh‘é}nﬁb10atfh§@bﬁw}?érl286mb23@esd s1eun tleciricgl * 18.
The process Df ndichwl 1Wog4RIpAE PI4T:; %d%oﬁ?&rﬁ'l%@l/?ﬁﬂ(j‘%mli é&ﬁleﬂ,ﬁxbﬁ@ a

second net al ver. the tal .sublaye e process

further corrprls%‘igp aé‘i“}*ge%cﬂﬁgn@&‘ﬁ@ﬂﬁdyﬁmdﬁn%w al| of the deyigear t of
][he net al IalygrPorﬂﬁrllsH&S ﬂﬂ@S&ﬁ&lQGGQﬁlﬁlﬁrﬁ 126D, I’IQrI'IIlZ'ﬁlﬂBICbﬁlb moklaieAy at
east one sol de as art t he netal |.ayer

process of O ai frrﬁ”g‘%al" gﬂg ?%‘Pﬁ‘ft?{&aﬁ 'ébj Bﬁgn%%'la&?eorb %PPef%PB%PFErhYses

screen-printi ngele@plaﬁmg process of Claim20 wherein formng at |east one
sol der bal | conpri ses soI der jetting. 23. The process of Claiml further
conpri si ng ¥bor m ng afis lbhxgscmfdd&& siblayersyi2; 1835/126end 427 tagather forpar t

of the netal |aé/ﬁktalla'§'crt2924Ast9 ﬁﬁﬁéﬁt@ﬁmo@é@h‘l‘ﬂe&%@r ! b Gt NG,

t hrough the cond ct ve substrate alo e scribe l'ine conprises saw ng.

25. The process®8f° gnigpetel Jayer 429 G%ﬁ?qtélpﬁ@wémﬁmﬁ@ thayy oygspblaysrsnaf er and
t he conductive Momiv&ﬁh&atalﬂaﬁrd%@ﬁﬁ t@ﬂmﬁ%xpwrﬁweanaﬁmdd@anéﬂeaﬁ e thd
second cuts to § arate the gw ‘iﬂglﬁ %6 @:ﬁocess of ai.m 25 ere| n
cutting through < 50{/\%’5 a0 5o Rlatd Ay Thesinsts 2egalse F]Fg‘l%te

phot ol i t hogibaphétbenpapeassasi sagh amdvamcdnmngelecﬁﬁxlesﬂme efpctrolyds phafing) mmﬁ]-l
wherein the sem u | ide.of the die
conprises a so[?rglfeml o%tn%(%?eg 5 SSu laX@FI?g ?oégngg %?\%g%re%?ﬁ%u%’gﬁduct ive

substrate bei ngrequreédﬂﬂla@tnwltqqtlaelmaamt &yar #89- 25 on the back side of the

die, a drain portion,of .the netal |ayer being in.contact with the
conductive subst rat e IRSHRRIIhA PracEssThers exisis semisonayclon slrurdes campesinge

portion in contacinduttive idbme e e inetil plhae 1 Pa1a ;ﬂmﬂﬂiy%f@ékhidoﬁ&hdt&
com act it b & D5 ARSI AR B hAEyROHaSSr TR Bah e B 0"
process of O aigach otlive by parallnktrenehes; tirectoariches bking capresempd by d= antdVOSFET.
extending through the wafer 100, a front side of each die comprising a passivation
layer 104; and a metal layer 129 lining the bottoms and walls of the trenches and
extending onto the passivation layers.

25 Optionally, a layer 130 of solder paste is then stencil or screen printed on at
least a portion of the horizontal surfaces of metal layer 129. The solder paste is
reflowed to produce the gate solder posts 128G, the source solder posts 128S and
the drain solder posts 128D shown in Figs. 11A-11B. Solder posts 128S, 128S and
128D are electrically insulated from each other.

30 As shown in Figs. 12A-12B, dice 100A and 100B are detached by sawing
through metal plate 116 in the Y-direction. The saw blade is selected such that the
kerf W2 of the cut is less than kerf W1 of the cut that was previously made to
separate dice 100A and 100B. Since W1 was 6 mils, W2 could be 2 mils, for
example. As a result the portion of metal layer 129 that extends up the side edges



14 June 2004 -14 29. The process of Caim1l wherein the sem coEductor

devi ce conprises a diode. 30. The process of Caiml wherein the .
semi conduct or device conprises a JFET. 5 31. The process of4érg 08 wherein
t he semi conduct or device conprises a bi pgl ar transistor. 32. The process of
Claim1 wherein the sem conductor device conprises an IC. 33. A process of

fabricati ' . oy 4.Si . ovi di a
sem conductor g serne: P00 2RE HO0R et i HaGP AR Rl Fpent RESY oifpPfel g o
plurality of di Egnsetion batwgenipetad plarel 16 anskthe derdimsalider pstspl288i. ng a power

MOSFET, a surface of _a f t Sj of a die conprising a passivation |ayer,
a gate connection pa@"%fnip%g%&@g U6 thercsepated fipm thempighboring dive inthet e

di e conprising direttivnibytoattitignadfer ﬁaa aﬂr}hteﬁi ﬁlaféon@%éﬂg}é?e ?@&bﬁygﬁh}@? t(;) %oz Eg
back side of:thg. - [ t hro . em u

front s de ol tiuaapising ¥ SRbai gt it P Cond Bt sprstedciom thene
first cut havi ngeighiaringtdi¢esinfthe\¥ disetionbp photoljthogrphic mitciniey sandughiyve

substrate; 20 form ng a gate netal layer in electrical contact with the
gate connection pad; Aftsitemhyiew of dg reulting stmicapductomdeviceqtackape! 140 dnslacin

ith th i n i aR@6ks- ,,ﬁg& C S .ing
\g: ectri gaislo;r ?emfjlfigt lea?;’f?gm eaggsfegﬁr%??f‘e% oa?%gf’?gﬁgqg%lgt}%ﬁ %ﬁgl 1 dyer, t he
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passivation layer 104. The metal layer 144 is in electrical contact with the drain

20 terminal of the MOSFET but is electrically insulated from source connection pads
1028 and gate connection pads 102G. A second metal layer 146 is in electrical
contact with source connection pads 102S but electrically insulated from gate
connection pads 102G and the drain terminal of the MOSFET and a third metal
layer 148 is in electrical contact with gate connection pads 102G but electrically

25  insulated from source connection pads 102S and the drain terminal of the

MOSFET.

Package 140 can easily be mounted on, for example, a PCB using solder
posts 1285 and 128D. Solder post 128G is not shown in Fig. 13B but it too would
be connected to the PCB so that the source, gate, and drain terminals of the '

30 MOSFET would be connected to the external circuitry. The drain terminal is on
the back side of die 100A and is electrically connected via canductive plate 116.
Package 140 contains no wire bonds and, as has been shown, can be manufactured
in a batch pfocess using the entire wafer.

Fig. 14 shows a cross-sectional view of a package 150 which is similar to
35  package 140, except that solder balls 1528, 152D and 152G {(not shown in Fig. 14)



10 cutting through the sem conductor wafer fromthe second side of the

waf er to expose a part of the conductive substrate; form ng a netal |ayer

extending laterally fromthe | ocation on the second side of 4 tHee o 3 ong

an edge of the die to the exposed part afijpthe conductive substrate; and |5
cutting through the conductive substrate while | eaving intact a region of

contact between grh o] i bstrate. 35 Th

process of Claim 39}5(&'2[‘%%?&%%?‘%]?%5&;21? fg gf gfrﬁnig%ﬁ%sz C i—f]ﬁ@(’lﬁﬂr@ﬁﬁlﬁy

wafer is wder t3RRHehINAOmYENtienal mepRerdy depositing amtreflominmsvlddrgastendbet i ve

substrate. 20 3GthdFipeodeias eth &fschlealgnbfie RSHIBL eidk (b g [WBF QgL e vl er
cu n r

conprises sawi ng.. 37. The. cess of ~Clalm rel i gh the
conducti ve subs%ﬂ&i@%ﬁ‘&‘g@%ﬁ%\ﬁaﬁ'gr.e"l!s‘é!nbkl»p%re@&bbnwﬂw@stsl nhi7¢ ddttict or
dfevit e compr Psi MNpuedSGermuing) coky @im?@mfaaaiéa@?wﬁfsw{ m@ayﬂepsvaiﬁb{erf%}h Sijde
o e di e conpr | i ayer and,at | eas e _connection pad,
t he connection gﬂ%ﬁo&?l E:%é’?%ét’ Waé%?d@é?ﬂf%‘ﬁ“%ﬂﬁ%gg%ﬁg%ﬂm or

devi ce; a condudigndectpieqodyraen banipschre anathératermiiste, wingt foeestingplet he -
conductive pl at %@ﬁb@&ﬂhg?ol%&% -ﬁaé'aﬂﬁes?&g,eo ?1113&]0%1%?% tﬁﬁEf‘ orm a

protruding portion 30 of thé conductive plate, a 2004 -16 a
metal | ayer extendi noVAIOM s AbdINERC MRS ihARBH a0 el GNPl At e
al ong the skge fgl(g%e. o% ttg)g di e and oa%&the_ pass] vation ?_ay_er, -eﬁie t al

| ayer bei ng' &l eSFFHIP5H EERDPdmAn isdntepdedtorhedlusriive mnd noblimitingy FoTksamplekage
of daim 38 conphe ﬁbmyﬁaseamnﬂumbéraifcbmﬁoi\igj@d GEHs ir6Ad sidO Mk gl pi th the

connection pad. e of.. im 38 erein the netal |ayer,
conprises at | egé]?ar %@%@%Fﬁgﬁ? ‘%’EF@,H%E@H tgmerous abiemptive évlé?qhmqliés a
first metal subpeyrassiblenvithinghebrokd geopefof Ghiaimesfiomherein the first netal

subl ayer is sputtered and the second netal sublayer is plated. 10 42. . The
package of .Caim39 conprising at |least a first solder post in contact with
the metal |ayer and at |east a second solder post in contact with the

second netal |ayer. 43. The package of Claim 39 conprising at least a first

solder ball in contact with the netal |ayer and at | east a second sol der
ball in contact with the 15 second netal |ayer. 44. The package of C aim 39
conprising at |least a first conductive polynmer ball in contact with the
netal |ayer and at | east a second conductive polyner ball in contact with

the second netal |ayer. 45. The package of C aim 38 wherein the conductive
plate has a wwdth 20 X2 greater than a wwdth Xl of the die.



46. The package of Claim 38 wherein the die conprises a vertical power
MOSFET. 47. The package of Claim 38 wherein the die conprises a diode. 48.
The package of O aim 38 wherein the die conprises a bipol al494nq 2804k st or.
49. The package of Cl aim 38 wherein the die conprises a JFET. 50. The
package of Cl aim 38 wherein the die cogH_i ses a IC. 51. A package for a
MOSFET corrpri‘siggmmssem' conductor di e containing a MOSFET and havi ng a
width X2, 30 a ide of the die conprising a source connection pad in
el ectrical contact wgydgggource termnal and a gate connection pad in

el ectrical 14 June 2004 17 contact with a gate termnal, a back side of
the die conprising ajdrai ! ; ,ﬁ;%]g il ing a wdth
Xl greater than X2 and _be?‘n%ﬁgﬁggﬁagge?o hﬁlgﬁrﬁdugfbggkgl?éﬁ#g&éée and in
electrical contYPHi'®% the drain termnal; a drain netal |ayer in contact
with a protraudi ng portion_of .Chhe conductive substrate_and extending al ong
an edge of the die and coPEFIGHE & SUBIPPYIFI Water,cpmprsing pRluralify of dige t he
front side of the di sepatdie iy sribe hintsyleadingie comprising alsegidondadtby ddvisuhat ed

fromthe connection gads. Q. .ayer .n elecMal. contact, with the
sour ce connecti on pag; aﬁg?giggﬁgeig?regf%q%ldé@éoﬂn TG 2RI Pn,?agﬁ{ apdatyj ¢ h

t he gate connection baﬁ.onszommgma@dcage of Caim51 further conprising at

| east one sol der post in contact with the source netal |ayer, at |east one
sol der post in contact -wi BachHg apendustiseubstgieto a bacl side dfdhewafeme sol der
post in contact with the drain netal |ayer. 53. The package of C aim51
further co:@ri sing at | eaSYtipgthre £ 112long a557pa dine §@ formyfirst enty the ‘
netal |ayer, at. |easfirsoow cxpbsing tHeabbstiate sRthi §iaé eljid of 4 18, DAlLof b Frst! aVeEr,

and at | east one sol gex |1 4n contaet with the drain nmetal |ayer. 54. The
package of Cl aim51 urh?ﬁ%g acfgﬁtp%%gf ﬂé’at | east one conductive: pol yner ball

in contact with the sourc I . t ,0pe conductiv ol yrer
ball in contact with the Soa?@%?gﬁyﬁrﬁre‘%méﬁg%g#581513 © Bf o&fﬁ tive
pol ymer bal | in contPdugiivesubsiemteexposediby tie firsyar, algifg tha splecidge of thedie

sem conductier devi Ceufsmb bbleild a pArRfBIARE G HAfiofl IGecOnt &l ni ng a
semnmi conductor device, a first side of the die conprrsifng at |east one

connection pad; a conduct émtngthbsighahe caldwetieshbs@a akRigthesthate of the
die; a nmetal layer e@%&%@gc'm% tc]; {h%rgc}igg lilfzé trositomsllads%ccg{d éurt],ea lge!rF ofa tlhg ggco?ld ?:{xtd ¢
having a second width W2 that is smaller than the first width W1 such that
at least a portion of the metal layer remains on the side edge of the die and
20 forms a part of a conductive path between the conductive substrate and a
location on the front side of the die.

b’

2. The process of Claim 1 further comprising thinning the

semiconductor wafer before attaching a conductive substrate to a back side of the
wafer. |

25 3. The process of Claim 2 wherein thinning the semiconductor wafer
comprises grinding the back side of the wafer.

4. The process of Claim 2 wherein thinning the semiconductor wafer
comprises lapping the back side of the wafer.

5. The process of Claim 2 wherein thinning the semiconductor wafer
30 comprises etching the back side of the wafer.

6. The process of Claim 1 wherein attaching a conductive substrate to
a back side of the wafer comprises using a conductive cement.



edge of the die.and termnating in a flange beyond the side edge of the

die, the flange being in contact wwth the conductive substrate, the netal
| ayer being electrically insulated fromthe at |east one cdfdbee 26¢# pad.

56. The package of C aim55 wherein an edge of thé conductive substrate

extends |aterally beyond an edge of the;die 14 June 2004 -1857. The

package of Ol aim S5 pher eThe bftedd URinE X WaRfn bANGHHHA by pUINBLA dr om

die in a direction gfaalel 0 the si of sem conduc
structure corrprzf@f“wg. & eI the SEpSOpSsEng of eeppeiand) alumyinpfn.

sem conductor dice tac to the bstrate, ,a passivation |layer on a’

fiont side of each 2$'e, ?@&%Pweﬁsﬁﬁgﬁ%lH@ewsﬁmgabreagh%m@m%ommr by
a plurality of ssbalihetomhpesesiewingand a netal |ayer lining the bottons and
wal I's of the trenches and extending onto the passivation |ayer. 10 59. The
structure of O ai m 58 wheFks process dfi@aim & wherei catiap tifoaglcorprafsesorst theeast

one connecti on Pafe Iiﬁg&@?ﬁgsﬁg?@%?@%ﬂg?cﬁ%&%@k%ﬁhg% | %sul ated fromthe

connection pad. 60. The struc I sSi a second netal .
layer in electrical montarke MobsstdFISHRNN e 4 -19
CH P SCALE SURFACE MOU PAC%AG%]SCR SEM %%@Hm]kﬁﬁg%g OF
FABRI CATI NG THEP ?\?é‘%@le\agﬁhmiﬂl,&u Werawd soetisingseeandmsial gpblayer owenthet s are
made to both sifttelsmethl subdaydt.ce i s manufactured on a wafer scale. The back
side of the wafer is attached to a 10 netal plate. The scribe |lines :
separ ati ng1Bhe dice Hre sHw protessof©taiast) Whereiethe ! firgtl raétal @Blayéx*&ngiﬂs%s do
not extend thrqygh tal |ayer,, which may 1 nclude a
nunber of subl ayerﬁ%&ﬁ%@ﬁgﬁbﬁﬁ hséb %rnomﬁ%gs%lpﬂgwgn.di ce, the netal
covering the exposedapor t1sroldss e e l;;i’ll the side
edges of the dice. _S%pair ate sgctslsons @{ﬂgn&éiifomgﬂ$%ﬁng e%?%%ercover
connecti on pad<OBWTESS Riglang & Gird wetpd swilayen en ghesecond metabmublayet. of saw cut s
are made coi nci dent 1gith he first ﬁt of . saw cuts, using a blade that is
narrower than the bl'ade rogessok £1aifel 3 vhereimstbe third matal sublayer pemprises
resul t, théSnemadkel.ayer remains on the side edges of the. dice connecting
the back and front sides of the dice (via the netal plate). Since no wire

bonds are required, ltthe rBeuirotesy of SiaiegkS whereirp@edimndfint MiviatiBgea | ow20
resi stance el eghhipgidds AR kd gg .and front sides of the
dice. .Ai.AUb. Af gi.pAu.Sﬁ{ﬁ@. ) 5e.l%?l.l%?%¥\§%}k n %}iﬁ."iﬁtiﬁs Qlaye?'
15.  The process of Claim 14 whetein the fourth metal sublayer
comprises gold.

20 16.  The process of Claim 1 wherein forming a metal layer comprises:

depositing a metal sublayer on the front side of the die, the side edge
of the dice and the exposed portion of the conductive substrate:

depositing a mask layer;
patterning the mask layer;
25 removing a portion of the mask layer so as form an opening that
exposes a first portion of the metal sublayer, a remaining portion of the
mask layer covering a second portion of the metal sublayer, the second

portion of the metal sublayer being in contact with the conductive substrate
and the side edge of the die;

>

30 _ removing the first portion of the metal sublayer; and

removing the remaining portion of the mask layer.
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20 26.  The process of Claim 25 wherein cutting through the wafer and the
conductive substrate comprises photolithographic patteming and etching.

27.  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:]:)"ad, the conductive substrate being in contact with a drain terminal
‘25 onthe back side of the die, a drain portion of the metal layer being in.contact with
the conductive substrate, and wherein the metal layer also includes a source portion
in contact with the source connection pad and a gate portion in contact with the

gate connection pad, the source, gate and drain portions of the metal Jayer being
electrically insulated from each other.

30 28. °  The process of Claim 1 wherein the semiconductor device
comprises a MOSFET.
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5 31.  The process of Claim 1 wherein the semiconductor device

comprises a bipolar transistor.

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

33. A process of fabricating a package for a power MOSFET
10 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
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
15 back side of the die comprising a drain terminal;

attaching a conductive substrate to the back side of the wafer;

cutting through the semiconductor wafer from the front side of the
wafer in the scribe line area to form a first cut, the first cut having a first
kerf W1 and exposing a part of the conductive substrate;

20 forming a gate metal layer in electrical contact with the gate
connection pad;

forming a source metal layer in electrical contact with the source
connection pad, the gate and source metal layers being electrically insulated
from each other; -

25 forming a drain metal layer, the drain metal layer contacting the
exposed part of the conductive substrate in an area of contact and
extending along an edge of the die and onto the passivation layer, the drain
metal layer being electrically insulated from the source and gate metal
layers;

30 .~ cutting through the conductive substrate in the scribe line area to
form a second cut having a second kerf W2 that is less than the first kerf
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I dp, ! 109%&' ( ) 34. A process for making an electrical connection between a first side of

a semiconductor die and a location on a second side of the semiconductor die, the

process commencing while the die is a part of a semiconductor wafer, the process
comprising:

attaching a conductive substrate to the first side of the wafer;

10 cutting through the semiconductor wafer from the second side of the
wafer to expose a part of the conductive substrate;

forming a metal layer extending laterally from the location on the
second side of the die along an edge of the die to the exposed part of the
conductive substrate; and

15 cutting through the conductive substrate while leaving intact a
region of contact between the metal layer and the conductive substrate.

35.  The process of Claim 34 wherein a first kerf formed by cutting
through the wafer is wider than a second kerf formed by cutting through the
conductive substrate. :

20 36.  The process of Claim 34 wherein cutting through the wafer
comprises sawing.

37.  The process of Claim 34 whercm cutting through the conductive
substrate comprises sawing.

38. A package for a semiconductor device comprising:

25 ‘ a die containing a semiconductor device, a front side of the die
comprising a passivation layer and at least one connection pad, the
connection pad being in electrical contact with the semiconductor device;

- aconductive plate attached to a back side of the die, the conductive
plate extending beyond a side edge of the die to form a protruding portion
30 " of the conductive plate; and
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5 electrical contact with the connection pad.

40.  The package of Claim 38 wherein the meta} layer comprises at least
two metal sublayers, second metal sublayer overlying a first metal sublayer.

41.  The package of Claim 40 wherein the first metal sublayer is
sputtered and the second metal sublayer is plated.

10 42. . The package of Claim 39 comprising at least a first solder post in
contact with the metal layer and at least a second solder post in contact with the
second metal layer.

43.  The package of Claim 39 comprising at least a first solder ball in
contact with the metal layer and at least a second solder ball in contact with the
15  second metal layer.

44.  The package of Claim 39 comprising at least a first conductive
polymer ball in contact with the metal layer and at least a second conductive
polymer ball in contact with the second metal layer.

45.  The package of Claim 38 wherein the conductive plate has a width
20 X2 greater than a width X1 of the die. '

46.  The package of Claim 38 wherein the die comprises a vertical
power MOSFET.

47.  The package of Claim 38 wherein the die comprises a diode.

48.  The package of Claim 38 wherein the die comprises a bipolar
25  transistor.

49.  The package of Claim 38 wherein the die comprises a JFET.
50.  The package of Claim 38 wherein the die comprises a IC,
51. A package for a MOSFET comprising:

a semiconductor die containing a MOSFET and having a width X2,
30 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
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’ O- a conductive su(bstrate having a width X1 greater than X2 and being

attached to the back side of the die and in electrical contact with the drain
terminal;

a drain metal layer in contact with a protruding portion of the
conductive substrate and extending along an edge of the die and covering a
portion of a passivation layer on the front side of the die, the drain metal
layer being electrically insulated from the connection pads:

a source metal layer in electrical contact with the source connection
pad; and

a gate metal layer in electrical contact with the gate connection pad.

52.  The package of Claim 51 further comprising at least one solder post
in contact with the source metal layer, at least one solder post in contact with the
gate metal layer, and at least one solder post in contact with the drain metal layer.

53.  The package of Claim 51 further comprising at least one solder ball
in contact with the source metal layer, at least one solder ball in contact with the
gate metal layer, and at least one solder ball in contact with the drain metal layer.

54.  The package of Claim 51 further comprising at least one conductive
polymer ball in contact with the source metal layer, at least one conductive polymer
ball in contact with the gate metal layer, and at least one conductive polymer ball in
contact with the drain metal layer.

55. A package for a semiconductor device comprising:

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

a conductive substrate attached to a second side of the die;

a metal layer extending from the first side of the die along a side
edge of the die.and terminating in a flange beyond the side edge of the die,
the flange being in contact with the conductive substrate, the metal layer
being electrically insulated from the at least one connection pad.

56.  Thepackage of Claim 55 wherein an edge of the conductive
substrate extends laterally beyond an edge of the die
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)- (F passivation layer on a front side of each die, rows of the dice being
separated from each other by a plurality of parallel trenches; and

a metal layer lining the bottoms and walls of the trenches and
extending onto the passivation layer.

10 59. The structure of Claim 58 wherein the front side of each die

comprises at least one connection pad, the metal layer being electrically insulated
from the connection pad.

60.  The structure of Claim 58 comprising a second metal layer in
electrical contact with the connection pad.

15
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A semiconductor package by which contacts are made to both sides of the

dice is manufactured on a wafer scale, The back side of the wafer is attached to a

10 metal plate. The scribe lines separating the dice are saw cut to expose the metal
plate but the cuts do not extend through the metal plate. A metal layer, which may
include a number of sublayers, is formed on the front side of the dice, the metal
covering the exposed portions of the metal plate and extending the side edges of
the dice. Separate sections of the metal layer may also cover connection pads on

15  the front side of the dice. A second set of saw cuts are made coincident with the
first set of saw cuts, using a blade that is narrower than the blade used to make the
first set of saw cuts. As a result, the metal layer remains on the side edges of the,
dice connecting the back and front sides of the dice (via the metal plate). Since no
wire bonds are required, the resulting package is rugged and provides a low-

20  resistance electrical connection between the back and front sides of the dice.



