; €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 tHE 3pdnteroingl ogone face pfghe qlig apd its catpsismmingl ioa theerpositie of
each die may also be in electrical contact with a termnal of the

seni conduct or device. In another enbodinent, the process may al so include
formng at | east one




25 additional netal layer in elechical contact wwth the at |east one
connection pad. Formng the netal |ayer nmay include depositing several

subl ayers. I n yet another enbodinent, formng the netal |ayer may conprise
for exanple, depositing a netal sublayer on the front side of thg 2% the
si de edge of the dice and the exposed portion of the conduct i vé* &b Q?a
depositing a mask 30 | ayer; patterning t e mask | ayer; renoving a portlon

of the mask | e tion of the
et al sl aydroe of TG Bibell BARSRRCRlsphr (0 RERRRGT s (T, 354 Varlils
portion of t Hepeyef iltegsatpd amts (Iﬂshcasleaé@rht fptmmatednnaf'v@rheal?mtdilgu@um ayer
being in contact with fhe conductive substrate and the side edge of the
di e; renoving t he 4¢cpedingly thergis agieed fa ajpsecgss whikh isimplenand lessieBpensiyet he

14 June 2004 therexishingpropesds 0 mchtﬂtames%?dcﬁy that ACG eI b@axﬁélgkétﬁ

aspect, n pro fabric r a
pover  WOSPET R Tiertis R s HER Ry S he Bietopd Pdapana

side and a baelkucwndm:tcunﬂ@bedmmngltmnmgﬂsamﬁaﬂuﬁ)lelrtﬁpnb:inddnaclesmeqnar at ed by scrl be
i nes, each die 5 corrprl si ng power  MOSFET, a surface of a front side of a
di e conpri si P MMARYEOF 1T —:AM.- dION; gate connection pad and a source
connection pad, a _back side of the die conprising a drain tentipnal;
attaching a conduéPWéS@Efb@F ILEBIGTPrp HdeSARrReess ofdfabyicatinga germigonduglgr ¢  ng

t hrough the sbvmepxuﬂagdammpmﬁgrprbvﬁmgtdmﬂmﬂﬁctsn weafepfdnsisivaf eplutalityt dfe

and oxposing heaehafbkde1ngh oo de bFuiiAe) sftibolief ﬁz,‘f"i‘%é ' éﬁ%&cﬁii o

|l ayer in el e®® ﬁlftﬂat sidopif agel dwcpmpnﬁeg gRessivebomlaysriand atdeast Olifmomlwgom sour ce

netal |ayer i detittﬁélhﬁg Qéend‘&@t'i‘tte%%sﬁ%éthatﬂéﬁkﬁﬁélbﬂﬁe%fb?%tt ghﬂtehe gate
and source net ers. Iect i i.nsul ated. fr ach ot
forming a dr dI%° |2 55 é{s & first 8‘%(9?‘9@8}&@6?‘&1%63? %ﬁlﬂ?)sed

part of the @dg@@ﬁﬁdm@l&rﬁxﬂtb@ﬁmta:uthavmgaﬁastaﬁdthom;mmﬂgtdmﬂmydn ng al ong
an edge g6 1Rl aad aphlife oGt ¥aHhOlel atee%cggsegpg?ﬂ% tal layer
e Iayer

being electrically 1 nsu sour ce an cutting
t hrough t he @lmgtRasideedgeptbe éteealildrpftf%ét lgast & pertipp nﬁtha passivaton lsyen euttieg ond

cut having a #segge K&{cfucﬂ\?e stutaataté aoﬁgeeﬁndmamohe@oh&s’ t%tthekﬁhf)e Whd io fbhe
second cut |eavin n g of. cont ac ‘ﬁ]ig g&iﬁ? t al
aver and t n it stt p Bt Ene et SR pRing R SeePhd vadth STE Rt in Al Bt he
conduct i ve sdisttwidthéV] such thdit ridledst e porsion pé tiatirceikldaydr cerbdias én the sidardgessfcond
cuts to 2 SQIE’@& ahfd foifis Qg&@m; f@o%‘aﬁfﬁxﬂé%aﬁ]%eﬁ% é&ﬁ?c@%@ﬁﬁs&atetﬁ

i nvention pr Qv des a proc g an el ectrical connectlon between a
first side oflOGRNQRAR rfﬂlﬂ‘&’t’lé?oﬁ‘l’“@ ¥nd a location on a second side of the

sem conduct or di e, the cess .C ile th el rt of a
seni conduct or waf &P 8% %F@Eteg’se%g%ﬁ g%amﬂfiteém ﬁ@"d{a 'E‘cﬁi‘?fﬂ%‘t‘gf%‘t%cﬂbst rate
to the first with stedeinelfofttlieesenmicednctonddviceg t hr ough t he sem conduct or waf er

fromthe second side of the wafer to expose a part of the conductive
substrate; form ndnanotbttratnbbdd;mrlt thetpromtsmgay aseinalully frinirgat {dast dnecat i on on

th : t of
e seoond. Sl ey e ALABAN AR B ok VFieltnk o OB SXARRIAAL ©
whil e | eavi n@hqIn@tablaye:maé'gn@ndetﬂep@@mawen@bsuh@efnmt he netal |ayer and the

conductive substrate. 30 _According to another aspect, this invention
provi des a packagdb¥ehrangthseembasiacnt: lormmeficrctabaysr |T%ﬁerQmPalS%hf%r eempk ni ng

a sem conducidepositiigiaGRetaldublaidtionthRotlside e tHdi e, BRI kP er & passi vafion
| ayer and at |east one connection pad, the connéction pad being in

el ectrical cont acttthtch aﬁdtmeeﬁpase@p@iusﬁ of the eyduetiversubQrtié] deposting adh &k
attached B back (])‘ﬁ t he con UCtHﬁSgﬁn' g*e ext egq%{t& beyond a
si de edge’3s5 e AL iy HPaYiRgaPAEORS aYPHRQ 25 i ve
pl ate; and aopatmag thhteoxposee 1 fiesn portich dfitleeméthlgulfiayet, mwehdigingor t i on of the

conductive plate, along the side edge of the die and onto the passivation
| ayer, the netal |pytndidiemgpsklagetcovariak bygedond pdréivreds the motat sublagemthect i on

pad. 3a 14 sé&ﬂ@p&ggnd' of the metal sublayer being in contact with the conductive substrate and the
side edge of the die; removing the first portion of the metal sublayer; and removing the




According to yet another aspect, this invention provides a package for a
MOSFET conpri sing: a sem conductor die containing a MOSFET and havi ng a
width X2, a front side of the die conprising a source connection pad in
electrical contact with a source ternmnal and a gate connection pad_in
electrical contact with a gate ternminal, a back side of the di d4dume2004
conprising a drain terminal; a conductive3substrate having a width X
greater than X2 and being_.attached to the back side of the die and in

el ectrical céﬁf"’é}E’Pg\RP‘f‘lﬁnPﬂ@ E’F’éﬁ Y¥erminal a drain nmetal |ayer in contact

with a protruding mﬁdmgnoaioﬂidﬂasp@amweﬂ@nqjmad@apmoamfmhwﬁdgag al ong
an edge of the,die.and cog&§$gﬁ_ﬁc?#oortl on of passi Vr.ﬁl{, éﬁﬂaﬁ t he
front side off® ‘fl??g g;lrgpmlv 51'39 &SFFB""@? nﬁt ed
fromthe con rseletandabrkdile aad dinsising e elurditadf digeyseparated el wnbelnme,leaa:}nm act

wWth the g cﬁﬁlgﬁﬁg?gﬁévlzé? ROSET %’%&—dfé% %f"ﬁ Eorg‘ﬁitdé bfi a¥ ?ém%ri&ﬁ#n gﬁésﬁx}aﬁ

cont act vm th t e connecti on aspect, this

i nvention pr d&b{eﬂégafﬁ cprieRtingaad and %SW@@MF@@ ad@vlf Hée of dhrote eampgising
Zem conduct Oracﬁ’dlﬁteﬁﬁﬁ%d;ﬁhtfﬂcﬂﬂ ﬁo&@lﬁ%ﬁ%‘é@ﬁ%&ﬁt@'ﬁoﬁ@Bécﬁ%xde%fEb%?er%ﬁﬁ Ofttheh g
ie conpri si at | eas e connectio rat€ attache
15 to a second¥ ucipravater éﬁ gg‘?@‘f‘?@ﬁﬁ??@ﬂ?hﬂ@”ﬁ@st si de
OL theddi edalfaﬁgaﬂssdlﬂehﬁig&udiavhﬂgaﬂﬂstkeﬁm mﬂremaiglmnbﬂmacédda&gxde beyond
t he side .edg ei.ng in.c th the conductive
substr at eg t%‘é‘%f““afﬁ”ﬁ%%ﬁ&ﬁg‘e %é%? yte}cgsu g’[eg\# AEFIRE St | east
one connect i dermpagla sovseanetil ffﬁg’eltla ekperlcamntm“nthﬁmomce tdmnection pah thegate
provides a S%HHEd%P&L}géthla Hﬁi %fe@m%g]ﬁ&gsﬁﬂt%g o%ga@%ﬁﬁ&dfb?&in & FiPRERLRL & 2

plurality of sem conduct ubstrate passi vation

| ayer on a f A®ih hs Iﬂetaé]&bfﬁ cgptacting figexpased Pl'fifte‘éf thecopdyciiye Sbpmieinan arp om
each ot her byfaorpdctisid dxicndiab aloas &l édgk ofm@aféfaﬁ@entaﬂﬁ sﬂﬁﬁ&ilaﬂz@,&tﬁédrhhm ng
ayer . Sam o Rl o Seitke el BB g %éﬁﬁé‘%d%@%?%wﬁﬁygé % equi re an
epoxy 25 capsrbeghche todactive sbstrate hﬁh@mﬁbehmtaeeaab fommhaesdednd ctittavidp @ seendes to
Sl | (er g, ReBoPPRaiCles Ml BRI, deleckilfablcbu RDRREEEDEBIRAC Y |
| ow on-r esi swawmdrme@lém%m@mdummm@@dp@tunaﬂma thettagerwaf er

i's ground th'aﬂd‘%mﬁdﬁ@ﬁ‘ve%ﬁ@strate%aéﬁ%ﬁo@ ditGEPRBAE Gt and ScBEPAGS, Since
they require no m)%‘d | ead frames; and they can be used for a w de
variety P s&FRAEGEE lcﬁrr devi ces such as di odes, MOSFETs, JFETs, bi pol ar
trggsél st OEJS\I and vaﬂtdc&umgttyp&:%@tfﬁeﬂa@peegﬂﬁdmﬁbrﬂbﬁpmivigw%prmess EJRhEE:d ng an

DE | PTI TH N 5 Thi tion w.l t.er .under st oo

ref erence toa:eﬁglcgocf’%#%%&‘?'%a f's ifs) 8‘?1896?{“1{1 orscﬁ?i?rgaloi:aﬁ AT & A°ET Iar
conponent s asilesf thielsemiconduatobédie dhie preces wmmbﬂmwlabebe die tsapnamoéw of a

sem conduct el fucicFli. %ﬁggo%ess%omﬁ?seg Rl A AR HGR2

illustrate the steps o rocess a sem conduct of package

i n accor dancéidgiof fretyafes; quingiirregh thesegisandugton wafer fiane theseagpd sidarirhew of a
slelm c ?nd ;Jct ORyafa ek age set M@ﬁedﬂﬁ&ﬁsu% $ubsttdid; o bt@lrlayeFleﬁendiﬁgBaterauy 14
illustrates sectignal vie m co r..packa

e B e Hhctecd SHoar b B sl PR ah Ak He it s ssed
accordance wiof mewm&cnmhmamﬂamimm ignhreodhothe C(bﬂhd:tsfealﬁlﬁtralﬁaﬂhﬂé teavinge t he
el ectrical c h e uit board.
DESCRI PTI ON gﬁgﬁagﬁmtﬁ%%&eeﬂ‘%hﬁgdygai’tngﬁhaev‘?%gé“cg WS onduct or
waf er 10Q,whi ch cogt.al 191;&.9 QSQ%M di ce
are sepa(r%at ed hy a perdp ?%&?%9%8 %%Sﬁlorﬁa gig cﬁﬁﬁ&x‘a@%&%@ﬁg@ﬁbe
lines 108 ruﬂﬁYlPFg“Fl?Pﬂﬁﬁé Iﬂmwg)ﬁse&ﬁﬁpr@éwr@@ww #®NN10 running in the X
direction. Metal adgs f.or,. connecting to external rcuit el errents %re

| ocated on the topQfHsdis GMPEsipK2 BIssiyvaiion Yééaﬂii@b ORg§QrIeEGPn pad,

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.



exanpl e, since dice |I OOA-100N contain vertical power MOSFETs, each die has
a source connection pad 106S and a gate connection pad 106G 25 Wafer 100
is typically has a thickness in the range of 15-30 mls. Wafer 100 is
typically silicon but it could also be another sem conductor material such
as silicon carbide or galliumarsenide. As described above, befbfigeHte
100A- 100N can be used they nust be packag¥d in a formthat allows themto
be connected to external circuitry. 30 The process of this invention is
illustrated in Fi g’s@w@mgé@yetgnothera@%ﬁh&l@%@&%@@@ﬁ@éﬁg@e MPFEET show
tvv:) di ce :ZI _ %pﬁ@ihgﬁ agm]?@dma&toﬁdleaaﬁﬂmf ©4 MOSTRT @ﬂmdvggg @gndﬂﬁj(ﬂlraﬂc@@mdé/\hi l e
only two dice.gre. shown .f or I POSES,. 0 un explanatjon, it
w11 be undePts s RApegs apREBERRRpeg rtectiRleonnel ik seiiig  Sat

t housands of and & gate mmmhp@ﬂm\dm@mmtectapﬂllm@am;nai Iaéaatﬂqayiméﬂiealiﬁel ed "A"

Lfoi‘;iﬁc?{o‘%ﬁﬁﬁﬂ Qi otk il Bl ) SRRY %ﬁ“ﬁnﬁw' aroed
figure. As d&sBEAltaS aclfﬁéqcrtj@eeﬁ%w@énsl@mfﬁi @&gﬂ{e
attached to alraemmdualclhyem crmlnabmﬂi dfﬂletcbﬁdubﬁfrﬁhbsfn&fé and the

conductive pI he f.i ni th on I it oned
under the cof mg/atrai()& %‘tedge C'tls[j[‘1 g%“c%?t% g@&?en% ? S pasEW'? oo Bﬁ@gﬁ?é}t
structure ma)%ldbef ﬁhndi@rﬂledrmnmttai lambwﬁmmmgﬂa@ﬁmdmwmumm a

Unless the 19mﬁ&ﬂhaﬁhqﬁ$ﬁﬁ&k&uﬁf&ﬂﬁﬁﬂﬁ%hﬁ%éyﬁﬂ@uﬁﬁmmﬁﬁ?ﬂé%ﬂdQ%&EhﬁmlabOVe
"bel ow simlar terns refe e package in

n and r
its f|n|shediﬂﬁﬁmqgﬁmﬂfﬁ@w38W%&ﬁSQﬁQ%W%W@”§90ve the wafer. This invention
will be described wt or_a. ertl ower MOSFET
Whi ch typi cal |y hdedinele e et e i prty S SR BPAe 1 S and:
drai n term natmvenducter deyiie cainpasing: a serhiceriddethedie cadaimnpasEmitmvedardevichat t he
br oad pr'nC'Eﬁﬁﬁmﬁéoﬂﬂééwbﬁﬁgﬁﬁﬁﬂﬁ Bn@&xﬂéﬁﬂnhgiE%&&h&@k%ﬁ%ﬁ&%% for

any type of sem conductor d as one Qr termnals on its

front  and’badka cerksidsol s dig; 3 metal, Wefsqx%dlﬁg gﬂ'@m@@sﬁf@@&fﬁéﬁ&@ng@ﬁ@e front
side" of a dieggeyf thirfi€indrt@friating atﬁhﬁgéb@en@the tideedbicof the dispthe flargle balgch t he

electrlcal devi ¢ onn ct ads e |.pcat ed;
"back si de" regég%tv% @ﬁgmg%%%%ﬁngéﬁaﬂ ¢ lﬁ% qwgﬂgﬁmgyﬁﬁﬁ the
directional atleshonedoanestond. points to the front S|de of the wafer and

identifies the dramnn%f in which the wafer is inverted. Referring to Figs.
2A-2B, since di ce A0ooAingielyseumhe @prest hisjavastionpopErsa q@h@nﬁu@vmﬂw@al ly),

eachI die 2b?ﬁ c@&pﬁﬁ:fu% ﬁgnabcubamsuée%%lﬁaﬁyaf&ﬁuﬁﬁuﬁ&& diﬂétaﬁéchh?hb%e t028 .
over ylng e 0 surrace o ICI’IOI‘O er s C ctor nmateri a
e Tl St Sohshite e Aol a8 A nLIOA of fach A By B S BE SIRRY. cont act
with the gat droanshcls otherds atlﬂmmimyaf pargliebtrerhespmd a meralieg liviak the boftorhhigndpower
MOSFETs wi t h'@gﬁﬁ%@mﬁ% &%}Qcﬁ?%&ﬁoa g’A‘E“H“a > Separation bet ween

| ayers 102G an e das 30 Typically, neta

| ayers 102G and 1 t e re al so
belyng used. In rmg)[%%ér?%&!cl#%&n@ %gf%mngkon@gwnﬁ&{)& 1{04% gé%}% %626 and
102S needst o chpsulewdbsridewiresothe mabistrath ajachid tp thedliesesves & motg@tlwe anskagt asquch as
tin/lead, fogekh@rRQIRARS ﬂ@%@ﬁdg%e%%ﬁlwf tsb‘%ftﬁeélfe (ﬁ'nﬂﬂdéd}?@cl&éésﬁie layer

on the netal, this natlve oxi de | ayer must first be renmoved hen~a

sol der abl e n@phihin; figy proygleasvegdpy, Onﬁﬁ%%@ce&rﬂﬁwndq@rééﬁ%p@%ﬂw ifhe
exposed net alhe witer i§ SiayEthindér; tegare 14 June 2004 - 6oxi de | ayer and
deposition of a solderable netal can be acconplished by neans of a nunber
of known processes. For exanple, an alum num|ayer can be sputteretched to
renove the native alum num oxi de | ayer and then gold, silver or nickel can
be sputtered onto the alum num Alternatively, the die can be dipped in a 5
liquid etchant to strip away the oxide | ayer and the sol derable netal can
then be deposited by electroless or electrolytic plating. Electrol ess
plati ng includes the use of a "zincating" process to displace the oxide,
foll owed by the plating of nickel to displace the zincate. In one

enbodi nent netal |ayers 102G and 102S include a 3 |un sublayer of 10 Al
overlain by a 1,000 .4 Ti N sublayer and a 500 A Ti sublayer. A passivation
| ayer 104 overlies a portion of gate netal |ayer 102G and source netal

| ayer 102S. Passivation |ayer 104 can be forned of phosphosilicate gl ass
(PSG 1 win thick, for exanple, or polyimde or nitride. Openings in
passivation | ayer 104 define a gate connection pad 106G and source
connection 15 pads106S. Dice 100A and 100B are separated by a Y-scribe line
108, which can be 6 mls wide. X-scribe lines 110 perpendicular to scribe
line 108 at the top and bottom of dice 100A and 100B can be 4 mls w de.

Waf er 100 can initiallx be ground fromits backside 112 to a thickness T




20 (about 8 mls, for exanple), as shown in Fig. 3. The grinding my be

performed using a grinding nmachi ne avail able from St rausbaéqh. During the
grinding the front side of wafer | 00 is typically taped. & Junfi 294 educes
the resistance to current flow fromthe front side to the back side of the
wafer. As an alternative to grinding, wafger 100 can be thinned by |apping

or 25 etching t : i . .As sho in Fig. 4, a netal |ayer
114 is then forgrrti?\)é]le(r;fg‘it1 E%B%gg eé:s%'ge %&%‘*wl\‘ﬁeﬂo@?c’%@? peﬁgrfg&eénﬂ%?‘eﬁﬁ?fhpe
layer | 14 can Wssdifore wideggiety-ofisemictinduetondévigesrsucly es diatles, DOSFRTHO0 A

ni ckel subl ayer yeprh BipbikitfRAnst ' L.um:. ni.ckel and
silver sublayers can 1blc’tla9 depos?%g%ﬁb%%gﬁggﬁte&&%é? etr . Metal 30

| ayer 114 is usBRIEPDBESORIETIONF FHiFeSRAWINGEhe silver-filled epoxy,
descri bed bel ow. Next, as shown in Fig. 5, a netal plate 116 is attached to

met gl | ayer 5114 and This ifvag k{iﬁhd\&ll%gzﬁ&%ﬁﬂéﬁfooh refépeiiRd t@-ltﬂe%ﬁ?ww o dOf a
conductive cene ne .. as .conductive silyer-filled epoxy
or netallic cen@lﬁﬁﬁjﬁ%&l% C&%Y/g?oescfgea’ lBé”]EBibe‘E?‘FaBFm&PB’i‘ﬁ%?ﬁeéHBﬂ@é)h be 6 nils
t hi ck, for examphebergd shown in Figs. 6A-6B, wafer 100 is cut, using a
conventional dicing saw, along the Y-scribe line 1 f8. In this case the
kerf W1 of the cut Fig.dnpdusirates agep view off aitemiosndubter saferbe |ine (6 nils).
The cut is made just_deep enough to expose a surface 118 of the netal plate
116 as wel | as side EB@E@*'I%%‘L % pad §AGB thooughy 1AA IRl lustratetthé steps of a
embodi ment ,10n0 ratess of FabiRatON Eritoslich pablR if adBrdint With (IR flferkfdn! he

process. A 500 t~ titanium sublayer 122 iS then sputtered on the Font” si de
of wafer | 0 100, coFig i34 iltserapsatiovain ﬁewlm%emi&ﬁduétbﬁpﬁﬂta%@ﬁ}i on pads

106G and 106S, £f 118 of netal plate 116, and the side
edges 120 of di%ggrf%é%qgﬁ@ﬂﬁgﬁﬁgﬁﬁoﬁ |l un al um nulron subl ayer is 123 t?\len
tt d t f p : I 122 arid 123 h
TR F go. TAc7E. Next 5 SoerRRH BN b o Mo ISR Rl iprapetaee. ©
subl ayers 122 and 128 1HiIRRAEAE §eiodb sEBRal ¥ orh2dmi, Hﬁét%?r&%g S ng
SrEion oF FayePafage g

conventiongl_ photol.ithographi ¢ nmethods, and a r _
renmoved, yﬁél di 45§°HIARe ‘%’ttﬁg?ﬁmé’ﬁ%‘\’lw Whermngs@_ldegia@grep@ecgme thiveleptical ons
of phot oresi st doayertich2 etvwhah thcepikipeG@der pridi€l GeRmasdaton pads 106G and
106S, the surface 118 of netal plate 116, the side edges 120 of dice | 00OA
and 100B, and O OFSEHE WNVIENEIDAY er 104 adj acent the 20 side edges
120 of dice 100A and_100B. Photoresist layer 124 is also left in place over
a portion of passi valigohshewss top view ofalsémicenduct@2wafier 1 A2 &hivheconbsms ditehed
t hrough the opemorgsodB §s : : ' heni cal

et chant . T.Bﬁ remaﬁi n% élg??%}g%lgﬁgf q%%g%ag{lgé%?tme@%/g%a@%%gp_g'fpfeﬁ%ﬁ'élalf In
the resul t “g J¥EFVeEkFEscribalings. wih serke lings 1B runsrg inothe YodireSionusl sysbs 122

and 123 renai n lars e neoniewithoX dilGod.0bera P 8 2onddias tcpeitkhﬁﬂéir&{ue

desi gnated 122G, 1%;6 and %2 S, .. 123S, respect Ih\é% . .Angthér_portion o

subl ayers 122 5 %?Ieg%‘éqedﬁ%tgat(ﬁ 1acg 3 pc tt%%%eflp%]t(ﬁ@-e&%osed

sur fB ace élS ?f exemple, pinet éic&1eoAgm0NmnsAiﬂeem@tgiovb&mgsmir@,ie;%%%l}gag% g
, and onto r : ayer . ons an

122S, 30 123S as%%g%?&ﬁ@gﬁ’%‘?ééﬁ%% 2 E"é‘%éf‘%“‘ﬁcé%‘?l’i‘ggéé e electrically

i nsul at ed om each § i | . e .10 t hi ck,
is then deggsi ted ,onw%ﬁg 19%%3%?%‘3)’ %%%%Esg?lgghpeu{agé? gﬁ@?hﬁ‘%%l ayer
| 23, pref er abl y1OBys Bpially silisen bpt i eowld alsa byeindthen bimigenductat, mathiialsucinas be
0.1 ~mthick, iggidoh%armee&tgamﬁgjsgnide_m June 2004 pl ated onto nickel

subl ayer 126. Tfie$i-esulting structure is illustrated in Figs. |O0A OB.

Subl ayers 126, 127 axsdditibsigbovalbeigie didert®Al 26N c&?l?egué’@aitﬁ(%}r RS ©
portions 122S, 123S émd %{e ‘:hn Ei{ﬂ?’gty cal .contact with the source pads
106S; porti ons PEYEETT 1% L8 F18 19 5 Compprsted o extemm girgiitiyar e i n

el ectrical.,§ contactnw th the.gat.e pads .1 and portions 126D, 127D which
overlie por3€i ons 12203 Proesss af Isaﬂ%gl?a%’r?néf; gg‘lﬁ%ﬁ@alm %&%& ggfz i% A Srand @A n
term nal of théBobwugh. 120A2Bowhich26GEw tdd e e A 265l 00 it archatizfila 127D
are el ectrical Iyt eqask er . an alternative, sublayer |26
may al so be cog%%];éaag%%éf?%fg; E@B‘e@e%& PAN (ﬁg‘? al'f@%g\gmg'ﬁ{)wp#s;ﬁ?gs_
10A-10B, sublayers 122, 123, 126 and 127 together forma netal |ayer 129.
As will be apparent to those skilled in the art, in other enbodi nents netal
| ayer 129 can contain fewer or nore than four sublayers. Moreover, netal

| ayer 129 can contain fewer or nore than two sputtered |ayers and fewer or
nore than two plated | ayers. The sublayers may al so be deposited by




15 ot her processes such as evaporation, electroless or electrolytic

pl ati ng, stencilprinting or screen-printing. Sublayers 122, 123, 126 and
127 are sometimes referred to herein collectively as netal fdyee200h. At
this stage of the process there exists sem conductor structure conprising a
conductive substrate, represented by netak5plate 116; a plurality of

sem conduct or 2@y 4heRioh0R Ayl ate. Rows. of the dice
are separ at ed ‘froi?n eagﬁ’ ot .e(rggy?a%%@g?lﬁgﬂt r%ﬁ?ﬁé’g&ﬁ{lml?aﬂ%%‘ﬁ@g&w# S
represent ed by Phtiopsands ekdisadi ng t hrough the wafer 100, a front side of
each di e conprising agsjvation layer | 04, and a netal |ayer 129 l|ining
the bottoms and wal | g‘%‘:ﬁ W@R&?ﬁ%@%ﬁﬂb@xﬂléwabﬁﬁé“ﬁﬁﬁ PRPIrbattomn

layers. 25 Opti oiead dfithe vafery@ie fikaf: labels®!'Be s PGl Rabd clobEicRbAAVidw Mien
screen printged 9

|.east iL,on .of, t.he horizont al rfaces of netal
| ayer 129. The S@P g%‘?’cnﬁﬂg?bee?‘io{sl%@% BG4 ‘%}Fﬁ'dééé{gfweag’f’@“ééq‘ thercopesst s
128G, the sour cef e pumespibs veafdrds ttavhed tda colduictive platte theinsk side 23 heshop i n

Figs. 11A-11B. &?u% : ﬁﬁi ectrically insulated
from each ot her ’.%i:g'%qi%gs owrt%a‘tlg ] ﬁﬁlﬁ%ﬁ%ﬁéﬁ Crante are
det ached by sawP?Rifiensdauger the condystize platel glthonghtas sovmdippints inche piticessshay

bl ade is sel ect gehchue i k G i fi. W1 of
t he cut thalt was cr evh:)atq};%t mﬁ%}f}g %(E)ﬂ]s%%%@gtugﬂﬁﬁ@gkfggﬁ}glgﬁv#%g@rhgsr%% w1
T Coslipe clsarly ingicy

was 6 nils es gthervase appeed hegein “alaviel’t “belowvpSeveran of

metal |ayer |29“uhiat” sedtothelSimiilaritbensSietls t@d&%ﬁckagb‘initdﬂﬁziﬁﬁ@%mgndtﬁz?e of

di ce 100A and 190(}1%‘15 LR n gﬁ_‘%ce nd forns a part of an electrica
X1 P i e

connecti on between Hd the drain sol der posts 128D. Dice

100A and 100B are thep: : [ nehghbor i dice in the Y
direction by cuttin %; er ilgg%ggg’e(rég%cgbggl‘ﬁ e%%{{jﬂg%?@ﬁ?ﬁepof(?%ﬂcﬁ]e li nes
| 10, using a dPEYHMOFKETAWhEhTxpicalls has soiwe and @atedenhinfld Bn dmfioneside

Separ at ed TEor i agiDRRGIANGH f BilRd NP ol BERAMATOBY 1RURLE) LLPAA aph C

patterning and etching., bat.t.om vi ew of e result sém condt devi ce
package 140 is Erﬁﬁé]\ﬁngﬁpéﬁ Q.? thainveRiipncaghsised i-tabeerif appekego forrmmyimeeof 40
i's shown in Fi gsehiébnddatok dgewhi¢l haOoRy drsfiSrede@nih9On bOH BHFBRSNRE X sides

inverted as co ith.Fig. 10, 12B.. A fropt.side.of, die. 100A conprises
connect i on pad%eggﬁ %%Ele{etﬁ?'&ealA%‘ésr?fi:;ffm%g[}% ftsr?fg Sé%rﬁogaﬂb%‘&’t‘ﬁ‘i‘fe’d@ﬁfée

(F. 9., aI IV%EETl)O ﬂéﬁ &;ﬁc nfﬂieflqm?jc&ndn pﬂs@ig&a;elwﬁiah@wicek%dfoga%@@ﬁ??foh .
also inclu e : Sb e i ng,att ache
to conductive S'iﬁg e I&{fgl.lactgsﬁl Ect ?bcg’ p‘%g%e]d%l_g&ﬁfagsmg&eﬁpé’t%%ewgﬁ?glgfélfe han

a width X of dvaierobhe digeatiopplamayplabeled i e ppinsg te the frenesideotibe bafurddl S a

si de edge |20 ofestifesdhedrhOOdystia WiREHIhe va¥E0k indiig portion 142 of
conductive plate 116. A flange portion of netal layer 144 is in contact

with the protrudi ng RefetrinptoPigs. GA-2Bsic@dite 10022 aid 2068 ddifaindadveret al

| ayer 144 exte he pr.ot,r udin ortjion 142, alo th | de,edge 120
of the die | Ogﬁﬁasf#&%g]r‘%l’boﬁmbé’iﬁ ; t%?h‘i‘% a g me gayﬁﬁf%‘s Padar 144 is
in electrida concgoretal layertif@s dveilying thet top surfade afithé biicddGFdliebut i s

electrically i ; r i a at nnecti on
bads 102G A secoignefeint ARSAL G RN G0N PSR AR TRES BT Be "

connect i on padstlaciiesl somtaes) vaich thezatd and; sourgederoindls (motghoen); orspedtivebn opads |

02G and t he dr ah® pbREMTH i i . I J48 is in
el-ectrical cont ac%) W th 35550%923?%??692%9 @%IB%E&%}%&P% ?%bghng?ﬁZS

i nsul at ed fr omEHYFRaYS et 1 B2t shows bythe daskedliaes terminal  of the
MOSFET. Package |40 can Si | e mounted on, for exanple, a PCB using

sol der pos?@ 128S an mgfv?il g“é’Ffsp@gb 31@81@25@%56 alysyppm,altioggh sameput
it too woul d bdapnnmeatsedeing tsed. RCBoSEABAIMENS of 84S GfenGd], SretANedy ai n

termnals of t T | d be ne to the external circyitry.
The drain ter mﬁ’%ﬁ%“?@ﬁ t%\é\ggoa%kmgf]ﬁ'%gﬁf’ %%%’Woﬁlip%ﬂli’&rq 19 20 megajppg}]
connect ed vi a csitudlead, Ver tht atasons deScritRadichge. IfABere 4k ahtivge AdeNaye BORES
and, as has be h ' ch proce using the
entire wafer. Eﬁ%}?" ?ﬁ?gﬁ%&&ﬁ@e&?@%ﬁ{x@%c %t(;%%éklg\??%@a@fcnaao sp?i‘%l{%a% ’WFch
is sinlar3Po 3s2plkRrickel armilver icdgpositddan Soledposedahdtal. Th826notal 8Fheand 1
S2G (not shown in Fig. 14) 14 June 2004 -10




are used in place of solder posts 128S, 128D and 128G The sol der balls may
be applied in a conventional manner by depositing and refl ow ng sol der
paste or by other processes such as screen-printing or sol déJupegf@hg
(using, for exanple, equipnment avail able from Pac Tech GrbH, Am

Schl angenhor st 15-17, 14641 Nauen, Germamrg)} or by using the wafer |evel

| d bal | . |1.ahle..f. Shi Ki ., Ltd.,
Nareda- fonmchi SUis e R R Pt &S i B actrsttinbed Bumsansiet
anot her al t er naa musbenefikngwh processesp Fer ¢xuenple satalimigupolayérran be Bpgteat €

adhesives, or t I | Wi | e. Lfhe € dinment _of this

i nvention has bé;g?]éaggggﬁ%%&g% %?%8“%%“5%? &%&é&ﬁ%‘%‘ﬁ*‘ﬁ%ﬁ?@é‘l“f%%ﬂ‘& # to be
i | lustrative arf@nstsPritered PRl thealuminump Adtematively; the disycanchealipped inamber  of
connect i on [sadslidiid blchartt® BripHvil§ thé bxidk idyeP SnPhB 35 RBablomidPSH ﬂﬂ\é]ﬁ?@r €
skilled in the art . gﬁtof{juqr{ﬁ)ﬁous alléternatlve, enbodi nents are_possible
within the brodtrPSEEHPISHEHINESS PR flerelgiic plating. Flequolsspplamginglyde theyse
claim conpri siofg “ziocptingemeceab té displacathengide, aAlovediunt platdp vl fRkAIAsKage

provi ding a Serﬂi%ﬁg%%égﬁm%f er conprising a plurality of dice separated by
scribe lines, ea I'e conprising a sem conductor device, a surface of a

f t sid f h oy 1354 | | . | t
connecti on pad: ot t A Yo st iAAR NG PR gl 35 iyE SipiapRor
wafer; 10 dlttidMoverlamiya 1,080 aTRY subilayegand e F0BA Tisublayer.f orm a first cut,

the first cut exposi g’the substrate and a side edge of a die, a kerf of
the first cut havi ng‘Q agstyation per A Odrpverligs apaggion ofgetgimatallayer iA2Glandxt ends

fromthe porti aounk rhhsl laprd02s] Passhrlioh 1afee 16X BasRdoed BPpﬁdsﬁﬁSSilﬁﬁie

al ong the side EI‘%%? g{s ﬁhe g_‘lﬁﬁ% 15 and ontoalg% Jeast a, portiqn of the
passi vation | ayer R2PY A EORFExample; SRBOlYINIE o5 pitEds. (PREMPEHIY a | i ne
t hat corr espondwssivatidndayarriiOddefinee gate chnnertian ped 006G and sodckdriediort he

second cut jhavings goggcond width W that is smaller than the first width W
1 such that at least a portion of the metal |ayer remains on the side edge

of the die anda20 f ObiE 180R AN 1963%&&?%?&& t\ggskapée’ﬁhéﬁ"j?@%@ﬁ&&on@e“é’“ve

substrate and locati on the front Side o  di pr ocess of
Claiml| furt heﬁ"&%ﬁﬁfr ?E-ﬁ@q{%‘m?ﬁ ilAQ perpendisiliar tnwstibe Hine W8S at the sdpoand
attaching a cordtom sfelictB0A aid]100B ek nslsdddefl the wafer. 25 3. The
process of Claim2 wherein thinning the sem conductor wafer conprises
grinding the back siWefeofl00 han udialy. bedgrodibfrpmdodsskade O Rion Rickaesser n

t hi nni t ] - ' . i t he. back sid f t,h
wfor. S 16 FGRAGMS O dnblorABOLASE HEDP R sttty RS Sincar or
30 conprises efUSMgerningmethine avnilabletfion Siteasbaugh. Dhengteqesdinfthel ai m 1
wher ei n at t achifRg 8ide QP aedri 106 i§Hﬁ§:Tafl?Ttﬁ)eElp GRindHEKe TS oY relibEndBhe"

conpri ses using a conductive cemént..
P gzzurrent ﬁ'l %rom tie front side to the back side of the wafer.

ow

As an alternative to grinding, wafer 100 can be thinned by lapping or
25 etching the back side of the wafer.

As shown in Fig. 4, a metal layer 114 is then formed on the backside 112 of
wafer 100. For example, metal layer 114 can include a 500 A titanium sublayer
overlain by a 3,000 A nickel sublayer and a 1 pm silver 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



14 June 2004 -12- , The process of Claim1 wherein the conductive substrate
is made of a material selected fi-omthe group consisting 02 copg&g and

al umi num 8. The process of Caim1l wherein cutting throu_gﬂ HHee A_er al ong
the scribe line conprises sawing. 5 9. The process of Caim1 wherein _
cutting through the wafer along the scribg |line conprises photolithographic

atterning and | NG g rocess of .Claim1 wherein formng a netal
Pay er co rrgr i ses g%%mdé} gtrni'e:‘]%l\rgr ﬁnr&é? POt i metallic coment, %@Lﬁkﬂ%ﬁé‘rﬁpﬂ?@ caPREWWNd
net al subl ayer @¥ainumand cambe fanild thivkbferegample) 11. The process of O aim

10 wherein the first netal sublayer conprises .titan!.um and th_e jse(?o'nd et al
subl ayer conprises aPd@#hawmin Fies. GASE vefesH005 c@, asing b cénvdnsiogalndidiag ni ng a

first metal | ayefiv GIgHYthe ¥SsdibRLnEA 08, TSR WA kbR BYGhe 0 it 18 Second
thi Al

: . o FN .of Claim12 wherern the _
gﬁt)?gyzlrjbl:gy ; i g%gwg@ ‘?eﬁtg%(g‘?r? ?"SIW.(G 1@%%&@9@8@1&1@% dedBencugh ¢ expfosemi ng
a first netal |surficedOBDF ttwanctal pihicrld 6as Il dsid@idaks FAPOENE RicRN obAGaahi T d
met al subl ayer doB . A QC f dai.m 1 ergLn the,fourth metal
subl ayer conpri Y 'gi(g{tﬁl.s “3‘8“0%3'?51?%%“ 88@5%33'5?%?11%@#@%“@%% a
metal |ayer corbeipsessss.depositing a netal sublayer on the front side of the

die, the side edge of the dice and the exposed portion of the f:onductivga
substrate; depositind 300 sikanivm srblayert128risthey sphtteredisk tHeafyait sideDfvaEVi Ng

' th : | es I rst
Por t1 on of “the ﬁ%???*‘e;t‘@gl N R A R
covering a secoREOFTHE eif phmetatplate & By ghe sideasigse t2haf dice ﬂOQ)QnSn?h'tGhe

: . ) ; l . an
rsr}aégl ezgtejl g]%/e{ hgfgiﬂ]?;lz%m Vi ng%?t;t}hékf'ﬁrlgtg ort] gﬁfeg%t%ﬂseafnet ai subl ayer;
and renovi ng t he el nl'n%l?bg%reﬁ é‘rﬁﬁ&ah ?H&/@‘BI S- 71;?3-Jungoﬁg(r)i48£317.
Th rocess of d ai ' Lt t. netal su yer
spﬁt 'Ito ering. 18. Themd%%cg@s t(gljf Bﬁﬁqﬁ%ﬁﬁs‘%ﬂf@%&r‘ﬁ??%?%% S‘éﬁﬁﬁféllzz é‘}i‘%pl
conpri ses pPat i Fipteresistmntk laperdi24dsibatteyned, oviag commentiona lphstol phid9. The
process of O aifetholis) rahaa&;oﬁm%ﬂmé?%ﬁ%ﬂh%we&‘} 'élﬂ%gftm%%%?lihf% L on
compr 1 i hg T or MATIBarAY SR SiecPeripeicht mhetarcat aer 24 e romprin Eovt thve. ot al
conprising for g at > Of : :
Fayer. 21 The qonnestivn patls 066 20008 HRTELLNTS M Rlal A 76 36k dfiecDal |
10 conprises scf | THA NG process,. of | | [ _
at | egg t one soﬁ_zggdrh%% Wd&%bdr f@?s ag%P@gfthneqﬁtqaﬁsgyanonq]ayer.104 ad_;acc:nt 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



23. The process of Claiml further conprising formng at |east one
conductive polyner ball on at least a part of the netal layer. |5 -- 24,
The process of Caim1 wherein cutting through the conduct 14duRg#4 at e
along the scribe line conprises sawing. 25. The process of Claim| further
conprising cutting through the wafer and the conductive substrate in a

direction perpendigular .to.the fir Bsecond cuts to.separ .t he dice.
20 26. The proc@giseﬁt)éfﬁ’dugﬁﬁsﬂ 1Yo r?ﬁl&fﬁ W?W&Hﬁﬁ‘t“ﬂ@%ﬂﬁfi’@reﬁﬁﬁéoﬁhe
conduct i ve subsl0Bit Subdayews 1264 270 divided dnpogoitiensi268 1 20 Wghieh dvatiehi ng.

27. The process,0f; ' L s [ap -Qr vice | OSFET and
the front side %@{}?ﬂgeﬁcﬁg é }%%@mgé¢_é%sﬁa%§%gjg§°%g%xﬁéc tpggo%g%pagﬁ&agy,ggt e
connect i onpad, PHOROHAGIZVE whishoverlie poiong 123Gc 623G end mietih elgcidical n
termnal 259N ¢dneackith thé §aePhdd NG Md parishidi 126P0T 2719 Widh (N%ﬁie@rg{m% ayer

bei ng i n.contac | t he .Conductive substrate, and wherein the ne ayer
al so i ncl udes a{%?&ﬂgébﬁaﬁt%ﬁl?ﬁciesﬂtcaeﬁacw%ﬂl%a@dmﬂd&ﬁw&ww pad
and a ggtg por thrtioI:mIZﬁS;tlaEf] amduhsclahllamﬁbmm_ GIQ'lﬂiﬁﬂe Eﬁdtrifﬂh}?inmfifeﬁea
gate and drain t] tal .l ayern_bei el ectrica nsul at e
from each of her 103§ agrgﬁm%ehﬁgggg@a%‘fe’ tloyer 1 2 mavaise ber@pdhleprited or
devi ce conpri sedecirapRSRET. 14 June 2004 -14 29. The process of Claim1l

wherein the sem conductor device conprises a diode. 30. The process of
Cdaim| whellein the AsphowntuEigs: 1¢re10Besublayprs ¥2s 123,J126 And 323 togetheeform

process of C aié’finha!\'ih%@iﬂ.théuﬁﬁ'ﬁhW&@hﬁ@&%ﬂ@d%ﬁﬂr&%ﬁoﬂep polar

transistor. 32. The, process of C.ai ereln the sem conductor device
conprises an | (cMeggimantg ayssil 2P AR ponirindgwer ¢raarEedhar (our suhlayges:  MOSFET
éo ﬁorrp(r]I i si ng: -mebﬂhl@laa)??dirIDQQtaﬁiU@%tﬂh_Mﬂr rﬁ@ﬂéittﬁagx ﬁszj:ﬂﬂ&rg& IARrs2d a
ack side and c risin urali 0 e arate Sgri be nes,
each die conpr ifs%i boﬁmg%vﬁﬁD&PLaﬁdylﬁy%%%@%i%eés ’F‘F’Bﬁ@gé’f’éﬁp%ﬂe‘i\tﬂi e
conprising I& gawhé:nmg(asgslsayhm e?mwbnmmm¢dsm_emﬁomd phtiag,tmn_eil-l
connecti on pad, : i t erm nal :
attaching a con%‘gggnl%ve su_e?tlﬂ-g}t% toéﬁtshag&%a{gg’ s#débggmmgf%lﬁgg?l?{]@ﬁ?ti ng

t hrough the serficistedde hereinegllectivelyas metaliayeni2%i de of the wafer in the

scribe line area to forma fir cut, ststge first cut having a first kerf W1
and exposing a part Of hhEa & PTAFEsSHiers X it SN poRdyEer FENCcAIrg SPMPHEINg|

| ayelr : n electra aﬁducmmkm;xbpteb@tﬁﬁbgﬁnﬁamﬂﬁﬁé L 1) aAskal _itnyff@ingﬁ:oﬁ%&%&V ce
metal | ayer,4yn cont.act th.t sgurce .connecti on pad, .the gate
and source 2r(r)let acﬁk?eg@de‘df'geglgia%ac%q%etg%? %ué’ﬂr@c'i ﬁé’msaf’fi% ‘?}F%?ﬁeé atgd frop 25
form ng a drai reaskptiier brpenallel tnencliesithe toanichés beayerepeesantad by e duke exposed
part of the condugldi ge%};d{%ﬁt | : t . ext 1:04:.al ong
an. edge of the di ellﬁz;n 0 totﬁglhgféggggﬁ%gé@gsh&q%@%?% ait%hcé)ﬁ'g)r gﬁé a%ggpgfofyer
bei ng el ectri caRYSF i0Asanda et layst { Flinipg thecbatipmspndavalistafithy tagnshes argo

cutting throughexidiingOnde eid pesis s Iagé€, i n the scribe line area to forma
second cut having a second kerf W2 that is less than the first kerF

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 _~5_ WI, the second cut leaving in place the area of contact
bet ween the drain netal |ayer and the conductive substrate; and cutti ng
through the wafer and the conductive substrate in a direct AU Mndi cul ar
to the first and second cuts to separategthe dice. 34. A process for naking
an el ectrical connection between a first side of a sem conductor die and a

I ' Sk Gl ] ' I 0GESS, CO. nci ng
Viohile the di o roOEdRt H0RhT 008 RERREHENAL Sldionhy R pR B RS R  | <i o
attachi ng a confRRcFtien ketpysen metal plate hi6 andthe deiinjsoldér posts M8Der; 10 cutting

through the sem conducto fer fromthe second side of the wafer to expose
a par'? of the conduch‘%{@gg@‘iﬁoéafFé‘F%%?Qmateﬁé?%ﬂ?thb@ﬂnedmengﬂleY

lateral ly from directiondytchtingorafehE0arDRACtaFpER 16 A6 M X-8drRgidd 1 ggloe of

he di t . of ..t he.conductjve supstrate; and |5 cutting
Eh?oulgﬁ E(r)\e %gngﬁigg?\?glﬁ%&'r&@%ﬁ% ‘%%iﬁ“ﬁ‘gaﬂfﬁf@é can hesspyatedram theact
bet ween the net a¢ightoying dicintthe Yotiredtion by ghstolittiogsiphic Rfternifeand aaghs. of

Caim34 wherein a first kerf formed by cutting through the wafer is w der
than a second kerf f&rhpsignbyiewudithewngsulting seicohduatomitriceipackape40 igstow0

indfi { LR ' t. Lok i ses
S ng. 3r7.°C$ﬁs‘““ﬁ'%%“’@%&‘@?f%‘ib%’?ﬁﬂf ARk S LR I et ve
substrate conpﬁ)’@g?g%i‘fﬂ FRPISgS NW&(&‘@EW%‘Eegéﬁﬁeﬂ%&%mmpard@wthdﬁg.
e Compr Psing aphea vt L, B CORpHISLd ShidfectiOl bEF 1068 bl ekt Bbpiale | N
di i Si . ation | ayer. a a ;L
connect Lo’ pad DR et Rl Yricd e e AR WEE e 10 aRd Bissivatome;
conducti ve pl atleyertt0dc Package 140 alsokinaudes dmh]gﬁﬁﬁze(ijlﬂe 13[16163 mn@ﬂﬁtq[fﬁ% pl at gf

I L: ' rma.pr.otruydi ortio
The’ conduct | ve 0 BUA afEHE 8 corfichlEpibf 18] TnaBiee il 136 hata PRt m
the protrudi ng Hester ban amvidiheX t ofidied00Mesuch giae condustive phe itdxtadgdenind he
die and ontis t hesinaedde/mio hd @%Xa00AlB%RE b brdilifle RH018) SESIasa Y.
The package ai m co

[ | ated from t.he nnegtion pad. 39. _ ) mpri'sing a
Isgigng rGret a|r | RIRtE lﬁa-g%@@%%cipeaql% gial layen M4ip &n eantans ithghe profrudity.  The

package of O aiporén MioRihe cofiductivt platd BYEane 8TERA 1526 124 k@A from the

protruding portion 142, along the side edge 120 of the die 100A and onto the
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)



two netal sublayers, second netal sublayer overlying a first netal

subl ayer: 41. The package of Claim40 wherein the first netal sublayer is
sputtered and the second netal sublayer is plated. 10 42. .141’H'ée§ age of
Claim39 conprising at |east a first soldgr post in contact with the netal
| ayer and at | east a second sol der post in contact with the second netal

| ayer. 43. The pas { é‘ﬁ'ﬁfﬁ kS| t fi,nst. sol der, bal |
in contact with t hE%q?gliacl a?é@ja %?i%@gais{ﬁ‘%%é%go gﬁ? tfiferalls may be
contact with thélpﬂgegp@c%?ﬂil"ﬁ%tﬂ%al magesT byslepositing patieflgering sdlilaipastadr by
conprising at | edldr plodebdes buctPasdesdeh\Rinkin inbug .0 the
netal |ayer and at .rlpg?igt ealg C ndi‘\é(?%)l d cé?égggg%%?hggﬁﬁgﬁﬁg%xoaﬁ%‘gt W th
the second net al®4MRFEN VA2 %ﬂg"‘Bg@R%‘g’ b, M Ssblapgenbersy 1611, &46tuct i ve
plate has a &i dNme6, Gangmnepoeby hsiagthe wifetlbvellsolder bAIEmBhter ﬂ\@ailaﬁéq’rcﬂﬁ(:kage
e

package of Ol ar ivakoeb BT, MR R xhgite PREHL amvage o

d ai m 38 wher ei Fandectiiegobangrbusens e bagthéralteffative, anigfopexardfle The package

of C ai m 38 whefkgdrhokdi8nsli ' : T ackage of C aim 38
os&ting b61yRRIDB-S5R agh Vel orﬁgen%cl%ﬁ@??}%b%

wherein the die conprises a’IC. '51. A package for rising: a

sem conductor di e conVhilk BsecaidbrbdatmaRthRii ngowh% F'ee%gzdesg’nqtfe% Lont
ad 1ne -

side of the,die conprisi 4 source copnectlon p; ectrical tornt act
with a sour %@ télF?ﬁr‘Iﬁgﬁi eﬁ‘ﬁgd‘gle&éfsén@aa‘?@@tbedlium‘wmné petkimiting. For exariplee
2004 17 cont act the dib nmydave anhpnuiber of conftibn phdiordiis KBSt SIE EYMLELSI Ng a

drain term nal; i ubst.r.at e. havi a wdth Xl greater than X2
and being attac ﬁ@%ﬁﬁ ?r(i){-qgﬂ*eo%g%h% ¥ 8‘8ﬁ8‘f‘%h‘§8 aggléatmerqps‘gltgg{apy@ smbediments
with the drain eerpaspible withivithé broad sedpelodyisis inventiomt act with a protrudi ng
portion of the conductive substrate and extendi ng al ong an edge of the die
and covering a portion of a passivation layer on the front" side of the die,
the drain netal |ayer being electrically insulated fromthe connection
pads: a source netal layer in elecMal contact with the source connection
pad; and a gate netal layer in electrical contact wth the gate connection
pad. 52. The package of Claim51 further conprising at |east one sol der
post in contact with the source netal |ayer, at |east one solder post in
contact with the gate netal |ayer, and at | east one sol der post in contact
with the drain netal |ayer. 53. The package of Claimb51 further conprising

at | east one solder ball in contact wwth the source netal |ayer, at |east
one solder ball in contact with the gate netal |ayer, and at |east one

sol der ball in contact with the drain netal |ayer. 54. The package of O aim
51 further conprising at | east one conductive polyner ball in contact with
the source nmetal |ayer, at |east one conductive polyner ball in contact
with the gate netal |ayer, and at |east one conductive polyner ball in

contact with the drain netal l|ayer.



55. A package for a sem conductor device conprising: a sem conductor die
contai ning a sem conductor device, a first side of the die conprising at

| east one connection pad; a conductive substrate attached #6JuN&2e%hd side
of the die; a netal |ayer extending fromthe first side of the die along a
si de edge of the die.and term nating |p{]g_ fl ange beyond the side edge of
the die, the flana ing in contact w t he conductive substrate, the
nmetal |ayer beiﬁg—%tri cally insulated fromthe at |east one connection
pad. 56. The package“pgcl.%n%i m 55 wherein an edge of the conductive
substrate extends laterally beyond an edge of the die 14 June 2004 -1857.
The package of C aim5b5 ! AL : Lt.ud y outward
fromdie in a directi.on ‘é‘%?%rﬁfs%rb?ﬁab%he Sl d%ﬁ%ﬁc&?'&%@&’ﬂh&}%k{: conduct or
structure conprf¥MHE ™S conductive substrate; 5 a plurality of |
sem conductgr di ce attached t*ﬁ t he substrate, assivation |l ayer on a
fiont side of each die, rBiE'EPEEATEPREIGY Weempringp Plusalitk akdicet her by
a plurality of par al $eperatectincsveibe lines] eachndie 2bmipeiyiap alsemiidtadtbier fatideons and

wal I's of the trenches,.and. i:RQ: 3 assivation l.ayer. 10 59. The
structure of daim 5%%?2?%%%@?@%089%% M APHCEUBREE R Lt | east
one connection pad, lengt oretcannactigepadiei ng el ectrically insulated fromthe
connection pad. 60. The structure of Caim58 conpri Si]s%ig a second net al

e

layer in electrical contag¥achings comduetinesubstrasntomback ofthe Yafes; 2004 - 19
CHI P SCALE §$RFACE MOUNT PACKA% lg%? SEM_CONDUCTOR DEVI CE_AND PROCESS OF
FABRI CATI NGUTHE SAMVE ABSTENERS Hraugh the wafkrialpngssscrikeg inpjo fommerfisbentades ar e

made to both sides ofirst bat etposing thersabstiaaeind £gidoBdg Wl 86, SR 6F thd Figstback
side of the wafer iscxﬁthta@ﬁ%%%ﬂ%toxy@ﬂ%% metal plate. The scribe |ines

separating the dice aré sa ose the netal plate but the cuts do
not extend through the ne . | ayern. ~Whi.ch y include a
nunber of subl ayers, is fE"?Jn’%@%{F]‘g%feéygf%’ﬁ#hé’?}éf@d%@%‘@ea%P Ogﬁlée nmet al
covering the exposedqpdretivabstate peposed by thel firstecutrdonedhe nifleredge bbths idite
edges of the dice. Semesmé 8 BE%bIRRPASS thhBatRLAby IJ¥e’ may also cover

connection pads on

cutting through the conductive substrate along a line that
corresponds to the scribe line to form a second cut, a kerf of the second cut
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.

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.



15 the front side of the dice. A second set of saw cuts are made coi nci dent
with the first set of saw cuts, using a blade that is narrower than the

bl ade used to make the first set of saw cuts. As a result, 1¢danegeed | ayer
remains on the side edges of the. dice connecting the back and front sides
of the dice (via the netal plate) Slncqzﬂo wi re bonds are required, the

resul ti ng package |S7rugg'pﬂe i | ecirical
connecti on between th %?%%ﬁ/ag ront Qg?dggﬂeg%ﬁﬁghgﬁg]dacﬁ%ﬁb&a?e is had® of
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109& () - yllotya&"‘]“}’ () - &3XY!' M [<VK@ H " 10%& ()-='*H"10%& ()-=!*:H"1
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2} [ 9VK@ ! 8B 100& ()10 Cﬁ'}’%)@%)‘f% Pj'[ “55;3&%]“ whargingforming a mgigh keyer comprises:
0, 0,
109& () -1!|f#10%& ()-]1G dcpo&ﬁ b gl)aycron t]ie 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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Il F$109&' () 5= ===Y>oR9AdBIe process of Claim 1 further comprising g forming at least one

10H) | <I #1094 7& : bt 1 6. 1100 ()~ 31006 ()- 10

1ogDAA;| Bx CC1D} [sé%?rkgﬁﬁ%g’t%‘% A?F?’ll%‘géﬁ%l layeryy - 109G7& ()--!10%& ()-

#109& () -\ #10%KK&(() - 1%55&5%?8]&5111 further comprising forming at least one
solder ball on at least a part of the metal layer.

21. The process of Claim 20 wherein forming at least one solder ball
10 comprises screen-printing.

22.  The process of Claim 20 wherein forming at least one solder ball
comprises solder jetting.

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

15 24. The process of Claim 1 wherein cutting through the conductive
substrate along the scribe line comprises sawing.

25.  The process of Claim 1 further comprising cutting through the wafer
and the conductive substrate in a direction perpendicular to the first and second
cuts to separate the dice.

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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109%& () - zt uPvavbvcvdfgvv~Asdodessfor 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 wherein 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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39.  The package of Claim 38 comprising a second metal layer in

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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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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5 a plurality of semiconductor dice attached to the substrate, a
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.
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