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AND PROCESS OF FABRI CATI NG THE SAME 5 10 BACKGROUND OF THE

t he processing of a sém .conductor wafer has been conpleted, the resulting
integrated circuit (1C) chips or dice nust be separated and packaged in 15
such a way that they can be connected to external circuitry. There are many
known packagi ng techni ques. Most invohve nounting the die on a | eadfrane,

connecting the die pads to the | eadframe by w re-bonding or otherw se, and
then encapsulating the die and wre bonds_in | astic _capsule, with the

| eadf rane | eft protrudi é{&r%MUMMMOM tion is often

done by injection-noldi ngFOﬁEMHDtDNMUCT@Q(DEVlIUEIAND med to renove the

tie bars that hold it to r, in such a way that
t he package can be nDuntgﬁﬁgﬁk§sgﬁgpaa§$#§%€ﬁﬂ¢ jﬂugﬂhyig printed circuit
board (PCB). This is generally an expensive, tine-consum ng process, and
the resulting sem conductor package is considerably |arger than the die
itself, using up an undue 25 anobunt of scarce "real estate" on the PCB. In
addition, wire bonds are fragile and introduce a considerable resistance
between the die pads and the | eads of the package. The problens are
particularly difficult when the device to be packaged is a "vertical"
device, having termnals on opposite faces of the die. For exanple, a 30
power MOSFET typically has its source and gate termnals on the front side
of the die and its drain termnal on the-back side of the die. Simlarly,
a verticdb diode has its anode termnal on one face of the die and i.ts
cat hode term nal on the opposite 4 26 August 2004 2 face of the die.

Bi pol ar transistors, junction field effect transistors (JFETs), and
varlous types_of |nteorated ClriFItS 6CS) can al so be fabricated in a

"vertical" there is a need for a process which
is sinpler and Iess
After the processing of a semiconductor wafer has been completed, the

resulting integrated circuit (IC) chips or dice must be separated and packaged in
15  such a way that they can be connected to external circuitry. There are many known
‘packaging techniques. Most involve mounting the die on a leadframe, connecting
the die pads to the leadframe by wire-bonding or otherwise, and then encapsulating
the die and wire bonds in a plastic capsule, with the leadframe left protruding from
the capsule. The encapsulation is often done by injection-molding. The leadframe
20 1isthen trimmed to remove the tie bars that hold it together, and the leads are bent

in such a way that the package can be mounted on a flat surface, typically a printed
circuit board (PCB).

This is generally an expensive, time-consuming process, and the resulting
semiconductor package is considerably larger than the die itself, using up an undue
25  amount of scarce “real estate” on the PCB. In addition, wire bonds are fragile and
introduce a considerable resistance between the die pads and the leads of the
package.

The problems are particularly difficult when the device to be packaged is a
“vertical” device, having terminals on opposite faces of the die. For example, a
30  power MOSFET typically has its source and gate terminals on the front side of the
die and its drain terminal on the back side of the die. Similarly, a vertical diode has
its anode terminal on one face of the die and its cathode terminal on the c:pposite



expensi ve than existin rocesses and whi ch produces a pack t hat,, i
esgentially t he sane gige as the die. There is a particula?gﬁﬁgaﬁ#@pisuch
a process and package that can be used with sem conductor dice having
termnals on both their front and back sides. SUMVARY OF THE | NVENTI ON
These obj ectives are achieved in a seni corfduct or package fabricated in
accordance with this invention. According to one aspect of the present

i nvention, thege i rqvi ded .a rocess. of .fahrjcating a.pack f.or

seni conduct or Eﬂési°?é‘?%8%%&‘?%@%@%&%@“%%@@%3&?8%@?%@9@?3);» ﬁeﬂ?udi ng
a plurality of valiae;typesr of iigegated \irco@ai{ICsN can 34or h@dghrieated hr OMerfsle of

t he wafer; patterﬂﬁi ng. the overcoat to expose a connection pad on a front
side of the di E&™MEHTYPh ng the wafer to the substrate; separating the

waf er into nultichi Acedrdingby, thaehissi repd dontaapriiceg whithuisabitdpYeroinddidze;
assenbling the st r.i% sandﬁvi ch-like to, f i th_an. edge ,og each
fhen b y

rma stack,
die in the stoPOBuYRIahERHEERIOEEsaRd PRiFharodusss  backage thal incassimtiplly o on
one side of ththeshmelsizetasehd diesTheretd @bartiayler nsvdabpbund Dprovnd adddaddge of a
die to forman e{ectrical [ nnectw n.a | ocation Ogiﬁig}% ront ,si de

bet wee
of the die andP4t §AReUSed ¥ifh segpic uﬁt"Bglﬂ? Vg tergpingls gn o &bl i ng
t he stack intobackdidesdual strips; and separating a strip into individual
di ce. According to another aspect of the present invention, there is
provi ded a prSUMMMARY OFITHE &NVENTIOPAckage for a sem conduct or device
conpri sing: providi a,sem conduct or fer including a plurali.t f._dice;
attaching a front s?@?eo@?%‘ges \?VET%‘?“?V ggnfar F%‘Plcgﬁ‘gbcfc%di’a@?a%?r %&%Egé?‘ﬂént he
back side of tireomiaheswith tldsirventidii.n t he wafer; creating openings in the
first substrate to gxgoa.e .ctonnection pic% on a ér.ont . side of thegldidce;
attaching a back siQ8"BFRENE (it &FPECE OF 108 JBREDS PSR e 1spravided a
sandw ch cont aprocesy of febricaiey a padkeppfisadchétondactot devidd copiprivziing: pRYAify

oi'ural ity of df sencondudeaRd ot 4 prdh o ise Hire Gprto CRRal ohp ¢

one edge of eauitfade en bdfongsiderpihsediferd qaasiniige atverceass egpose b Sbruvetion

cdve of = die v p MRl BEe iSF ataRbe fioHAss oAlE e SR iR Ee 2

| ocation on t heafer it neiltithipitripheach eriprdntainiy aplusdlitpof dichaskensblig thé t he

?In,?é) d: ﬁg?i?gﬁ%ﬁiﬂ%;%@%i%—ﬁfekt& ﬁ')trrcr)l a th}:l‘\:l,lugﬂﬁa lan Sé&éé BF éac%ncﬂe Y aer &etiék eil?g strip
exposed; depositing at least a first metal layer on one side of the stack, the first

metal layer wrapping around and edge of a die to form an electrical connection
between a location on the front side of the die and a device terminal on a back side
of the die; disassembling the stack into individual strips; and separating a strip into
individual dice.

According to another aspect of the present invention, there is provided a
process of fabricating a package for a semiconductor device comprising: providing
a semiconductor wafer including a plurality of dice; attaching a front side of the
wafer to a first substrate; processing the back side of the wafer so as to thin the
wafer; creating openings in the first substrate to expose connection pads on a front
side of the dice; attaching a back side of the wafer to a second substrate to form a
sandwich containing the wafer interposed between the first and second substrates;
separating the sandwich into strips, each strip containing a plurality of dice;
assembling the strips together to form a stack, with one edge of each die being
exposed; depositing at least a first metal layer on one side of the stack, the first

metal layer wrapping around an edge of a die to form an electrical connection



According to yet another aspect of the present invention, ? re is b vi ded
a process of fabricating a package for a sem conduct or dev ﬂﬁ@ I ng:
providing a sem conductor wafer including a plurality of dlce attachi ng
the wafer to a substrate; form ng an overcoat on a surface of the wafer;
patterning the overcoat to expose connectdi on pads on a front side of the
dice; separating the wafer into multichip strips, each strip containing a

plurality of djce; fo an eI ctrigcall con uctlve W a
the wrapar oundi’ﬁgtyﬁg? ﬁg‘? RY g ‘Eﬂﬁ&“%r?féﬁ?g@‘ed"fl atenigplon gg?%rﬁ‘r‘?ea?ﬁ%ﬁast a
portion of an éieﬁ@lisfasseﬁibhﬂg.tthe Beickeigto ndivddaedli gfipgrand &d; éﬁﬂﬁmgsa geipofntd he

di e and a devi q_@ %rpdnal at a back side of the die; separating the
waf er into i nd%4d ffce. Accordi ng to one nore aspect of the present

i nvention, there |sApmﬁmgedyec anbﬂﬁﬁ@@%cﬁftﬁ@pﬂékd’iﬂuﬁz@n@érﬁ@ﬁe&é &jrocidediect i on

bet ween a | ocation 0?5% t q(@ Eﬂ‘?ﬁ’r %o% gtor die and a de |ce
ternminal at a BEERSH PG “E‘%%P?ﬁ g% 316&1?‘?6‘ UEEhBS1ES TRPRIS S REVIYR
metal |ayer exh esaﬂmamgdﬁcfto:mwtaf@ incdinigon phralifyeof ﬁﬁi@; ada@hmg thd hefdi © @nd

d d t he. di t he at ] east ta ayer at | east a
ot on of Can_ SRR BRnTAn P EROALIN: HEE SUtS Wre pakaT BROvares ot he

die and the despose comisrtiomlpads ohhe flvackidei e tief dlb&esdﬁhﬁtméﬂﬁ@ﬁﬁhf&gidt@
of. Lhe present invention re i ovi rocess

still another aspe e

of fabricati ngmé}ﬁ ﬁlcg(%lgs,fegp §TPerBHUINE Fonlar ’hl‘i?bggé*ﬁe BWE‘P?%P%S CCSABYi di ng
a semni conduct ocondatttve wrapatotind dayer, ptlharvalapwuﬁ leﬂ'bﬁe;ra@ﬁﬁ%@ﬂ@um ad ehge lof side
of the wafer t on uct e subs rat oncon tji.ve overcoat on
a front si de '@tg eagtat ?1?16 W@Qg@g} Wegk?)g%‘étl%a?ég

gate pads on thée of thendie ahdle defice hﬁndnaleat asteplikilel Tghé OR:; wad egpakdting thérl ps,

each strip conta L allty of dice; assenbling the strips
sandwi ch-1i ke Y‘% HE&H@“Q&&% ®ith an edge of each die in the stack being

exposed; dep05| t i ngAacdrilingtio oRt ﬁiord: aypett ofithe peesshid@verition] theresis gedvidéde
Lot et | e RBhge 5 U Y SRRl 0 Sk S04 Bt 10
drai n term nasentitoridunetoMdnsbdd addaa@esﬁdﬁﬂninahgt tahieackt sid off the® didonipdsing
SELLPS: oS, PhBh e 3 BSR4l R oo B P L b o
seni conduct or thadiege! arouni dnsidag of fhe&hd_inth@ﬁtrldmbﬁdf m@tadlayar ﬁmln&tg“zatl@st a
ot Cached 10 o GRkaE ALl plhSRyh e Bbsbite S nBR SUCHERE R L 19
t he second si diedbvicherimi atathe back sdeeftthé dial | y
According to still another aspect of the present invention, there is provided

a process of fabricating a package for a vertical power MOSFET comprising;

providing a semiconductor wafer including a plurality of dice; attaching a back

side of the wafer to a conductive substrate; forming a nonconductive overcoat on a

front side of the dice; patterning the overcoat to expose source and gate pads on the

front side of the dice; separating the wafer into strips, each strip containing a

plurality of dice; assembling the strips sandwich-like to form a stack, with an edge

of each die in the stack being exposed; depositing a first metal layer on one side of

the stack, the first metal layer wrapping around an edge of each die to form an

electrical connection between a location on the front side of the die and a drain

terminal of the MOSFET; disassembling the stack into individual strips; and

plating a second metal layer over the first metal layer.

According to another aspect of the present invention, there is provided a

semiconductor package comprising: a semi-conductor die; a substrate attached to a



conductive waparound | ayer adjacent to the exposed portion,of, th ond
side of the die and extending along an edge of the die to gﬁé”§ﬁ§§©ﬁgte
and formng at least a portion of an electrical path between the second
side of the die and a device termnal on a first side of the die.
According to yet another aspect of the préSent invention, there is provided
a package for a vertical power MOSFET conprising: a sem conductor die,

wth source a te-pads being | ocated.on a fraont,si f the di.e and a
Grain corm nat TSRk GrRRCTeoH BrbreE 2 Tufha Sproninioo e Fie, of Guthing
substrate att athearvetcoat émpobiagle patioe obthet deeotl sidaind thendie] st an eRkctrivally act
wth the drain_termnal :

d tal. | | yi ng. t he. f t si, f th
die and ext endtHy “8?‘6"66“8%%88‘3&@%? gJﬁcggﬁﬁrethg%ggsﬁébgﬁﬁn@gﬁ]?%%%vﬁ %lﬂgf)ﬁe ©
subst (r]I a}j e. Ac cﬂi_ediim?d @ctmdir@qgemg arvéddetuf the disaothd subsipdte and fdrhsxgeat ISasft _

r ed a sem cqonductor package rising: a semcopductor die;, a firs
g UB\S/![ rate attat Wgﬁmnt %ft 4 Flfegtﬁ&cglgpaég%gﬁv ?eﬂetggisg?onarfq%epgﬁﬂ??ga‘ﬁe?ﬁga fig¥rised in

t he substrat e rmmal acafirsdridebf the di@nnecti on pad; a second substrate
attached to a back gide.,of .th east [

) die; and at..| one netal |ayer .i,n
contact with a | ocabrehiBE © ﬁ% afl?tglﬁli as??%fé’tfél?e RN g}?{"eﬁdirﬂﬂde%‘l‘ ong
an edge of thepabkegd fort heereabpowstuNEDSERE campribing ma ngnicordueot rdi€ akith
contact wth term.nal_on back side of.the.di According to a further
aspect of the %ru Eeid gaﬁ?/%ﬁsﬁjgﬁl,gﬁ?ﬁ%?(gq@ fb?{gﬂ%eogﬁge %Eee?ﬂ c%ﬁ’a%fbtea?“ ckage
conprising: a biieg hevicdgna Hack nide oif thee dieth eorldactkvessubistraaa ditachednpy theibagk a
sem conduct or devi .he devi.ce .hgvin t. st one termnal at the front
side and at | e%{g? Ogﬁige%% ﬁ“a‘g f%?lﬁ?etﬁﬁ"lﬂ %?P%Pﬁ%’“hgﬁ%d??fageﬁnmam aé’%s"’t mstal layer
connection padvealyirtghthef framtside oethef dit hed dixeendingebleng rah calge afnthaclie whd h t he
at | east one t@gllg]] nal " %Wiﬁg@%t rt%%re attached to the back side of the die,
the die and th &gg?l?g?e I ﬁ'& ddes that are substantiall y copl anar and
substantial | y perpeAdicdingrtot an tdspect rafntheapbséacinvetioieshat ishprogided a
wr apar ound net gl .| r.extending froma | ocati.on over t fran i de, of
the at o and =i e EEbonEARaE: Snefd hochitnetlap 4R a s whaMs afiehitng
met al | ayer beloregfront selced the dielancpehiag beinigttbrmdikinghe aunbdtrate atmh kadatiof of he
sem conduct or L GE. . August, 2004 4 cor di to.sti.l.l anot her .aspect
of the pr esentgol?ﬁrlll\(:?%ﬁ) ipcz)aﬁj atsgcéjlng St %F%@tfaé@ﬁﬂoaa g’g‘é}‘c%}é% oﬁhef%?a’n?"ﬁgatalﬁasp
el ectrical conwechétehlapatimeentact witicatdcatiorm thefframntids iofléheafie amd extending
sem conduct or di i erm nal .at ack, side of the die
conpri si ng de%!algg ?IF %%&a%etlﬁégg {Ootrﬁ}g S?fgjpglsu‘]%ger m&f"éﬁ%ﬁ%" F?B%c?lh%)nfa&at ion
on the front dwihefierminal on a back side of the die.

According to a further aspect of the present invention, there is provided a
semiconductor package comprising: a die having a front side and a back side and
comprising a semiconductor device, the device having at least one terminal at the
front side and at least a second terminal at the back side; at least one connection
pad at the front side of the die in electrical contact with the at least one terminal; a
substrate attached to the back side of the die, the die and the substrate having edges
that are substantially coplanar and substantially perpendicular to the front and back
sides of the die; a wraparound metal layer extending from a location over the front
side of the die and along the edges of the die and the substrate, the wraparound
metal layer being in electrical contact with the second terminal of the

semiconductor device.



the die and around an edge of the die, the at |east one netgak A ay8hoher m ng
at least a portion of an electrical path between the Iocatlon n the front
side of the die and the device termnal at the back side of the die,
further conprising attaching a conductivg substrate to the back side of
the die, the at | east one netal |ayer bei % in contact with the substrate.
In one version of the process, the formation of a wraparoundeql ayer may

i ncl ude severing thg 18l Qﬁl LAl sh&dt H]{Eﬁ% I L 6L, 50488 tO
yield a plurality of%ﬁgl P @i:}strskps0 e&‘ﬁmﬁ% 1&1{?% a%]‘aalcgilt to
each other, sabawessef] fpm@mgtac el@trmahcmcukon b@pg@x a lasgticrt on eﬁsmt aldé of st

nmet al Iayer on t

wr appi ng aroun?ﬁt&ﬁie%ggﬁ& ?Iéeaghaoge‘h&et%gfrﬁﬁm gﬁﬁg}% eS{cd?rOfL@% connegllt:lsnclj%

bet ween the fr @msnéma@t brast ane ma¢tel lapier extenglingfroinghe lacetion omithe fronttdie oback
side of the di, sﬁﬁa&mM& bl th%tdlé Rfie atrleésPsnég@% 2pFRE el Redl®

i ndi vi dual dlce int strips; secon over
first metal |pgEen ofipe eiqctrsqal naﬂa bséwndhmcanon ayéhfsfrantemda nf thiefdie and

subl ayers of agsi A& RELAL at "hRYSdck- sﬂé‘%f@l‘ié)ﬁ?esﬁm cl[ g@ﬂaﬁ&% hpLd Hiﬂ{ég? ayer

sol derabl e nmetal |ayer on 't connecti on pads

can be forned, cqr@rlctw@mbﬂeatewheb@qhﬁdmftbedmﬁhmt Isstadae Imejad dajfer being e
connection padcc(n@a@‘,v,1 tEORHsRgedl um num oxide froman alum num|ayer) and
depositing a sol derable neta such as gold, nickel or silver on the
exposed netal by splikerg ngloorofﬁhetprmss, he fmatien of mayragiasoingd eyerdeay

form ng sol der; erude%v L FPFerOdl Lrau Ninek HReFANGE W@ P dgthe
% ﬂ pac un eﬁglt

front side of t e die, ereb ena age to be Tno a PCB
usi ng known f | pigraify pft E@Hml@rd@s strips; mtle&bﬂ)gu mm sadjqwntpmwchagml athersaw

t e made h t he
gﬂb:t ?;t e suc h%ﬁ?g?ﬁ? #eehg)u%h??‘zf t%ctkfg F%@g%ﬁ%etg%git ﬁ]lg% ﬁ?{aﬁsl ac SI é%&%]e

nul tipl e-di e sHf¢ pithasiaclydhg Brshawtablayer wedpping areundihe edge of calydiz te éq:r?rres of
paral I el cuts.Afb&Ficdl h:%mflécﬁ&tl b%e@ﬁ P&t sﬂ%%f e%@gﬁ'eie% f'

stack has been disassenbl e he strips may en 1nto In
along the cut@? H@'lﬁ@kcﬁﬂ%@faﬂwt%@t@@)@éﬁmﬂm ﬂmme@ the stacky sﬂpemtmg ﬂﬂ@)r m

the strips. 26448481 42804 tlfeb?t;liﬁf ﬁﬁ%&t £sdtByd prf'etﬁ 1@&‘?%%10{11‘3 SOREUELi ve

mat eri al such as copper or num-and may be attac east one
termnal on a Bk 13@ést@ﬂdtSﬁ@ndu@etawawrsarmmﬁ‘é@t; sublaxsreof 2 single metal
conductive subggyate may serve as a heat sink as well as an electrical

contact. Alternativel y, t he substrate may be nonconducti ve,
¢ process may include forming a solderable metal layer on the

connection pads. The solderable metal layer can be formed, for example, by
removing a native oxide layer from the connection pad (e.g., removing aluminum
oxide from an aluminum layer) and depositing a solderable metal such as gold,
nickel or silver on the exposed metal by sputtering or plating,

The process may also include forming solder or polymer bumps or balls on
the connection pads on the front side of the die, thereby enabling the package to be
mounted to a PCB using known flip-chip techniques.

In some embodiments, perpendicular saw cuts are made between the dice,
the cuts extending partially through the substrate such that the substrate remains
intact at its back side. The multiple-die strips may be formed by breaking the wafer
along a series of parallel cuts. After the first metal layer has been deposited and the
stack has been disassembled, the strips may be broken into individual dice along

the cuts perpendicular to those that may have been broken to form the strips.



and vias or holes may be forned in the substrate and fi||ed2§%hguﬁ-oo4
conductive material to facilitate electrical contact with t si de of
the die. Typically the first metal layer is a relatively thin |ayer
deposited by sputtering or evaporation apd the second netal |ayer is a
relatively thick layer fornmed by plating. I n sone enbodi nents, it may be
possible to make the first netal |ayer thick enough that the second netal

layer can be onittegye bﬁbsﬁ&ﬁ%&ﬁ%% sueatmc&?d&ﬁ% Bf’a?érﬁnlrswgm%k p?@?% he

sem conductor wafer thinner, for exanple by grinding t
wafer, to redudlminen apdsmaybenattached tohet lmtnoc@ tefndnad oncreldckesideof qbpclm de

support for thginaf &madtive"@emeat. il ukdie &b fe e@esef?e éﬂg h\é@t E?y be

initially attached to a supporting strate,
nonconduct i ve W&l @iaa| el%“ti’é@ﬁl é@nigpfag’slt%@aﬁé(el)fe (ﬂmmtrwte mait be mancogdwtw&s

copper. Hol es &vaﬁ@o?%‘i@dmhﬁb%hﬁn?b@m?rt ?lﬂ)rstr bilar fili& &n X ROsduchbe

connection pads on the front sid sem conduct or pacLage may
conprise a semné@ﬁaUethh@teeele@@asta@tmglthgbb@wd@ ef th@ﬂwehed to a back

si de of the die; %&g&&ﬁﬂﬁfé YR ARl dak Quer th athmf ﬁ%’%tlohgﬁteﬁf

di e, an opening |n t over coat corresponding w conn pad ‘on the
front side of THVEeENS or gHeposation and thecseepyd @mﬁzddmrvle awreigstvebuthick tayer

(which may incfiieed & Qﬂ}gl‘tlhvs%nfé()&ﬁﬁ@fnnleﬁﬁieft lgéy 9@%;3951131@%% yers

S e 42
or sublayers) exten |ng fromthe front sid , around an ge of
the die to themet@lsyerthick engpgh ﬂlh@h@@gﬁoeéwiulmm@@v@mét ri cal

' connection between g E&ﬁ@tda&@ fi’tn érhﬁe fde BP&bl 't&"amﬂ{) Eﬂéese‘i'ﬁlgoﬁﬁgto? &%’mm nal

on the back side of the die. er or
formed on the ®éWseCr ofkapipie ang@Iﬁ@nérﬁb@d?aﬁbrﬂlde pﬁetheemf@meumduce paekage

i ncludes a verfekig@hcd oi'ile seh%ﬁﬁeto@ﬂgvﬁélefogﬁﬁg uggoﬁ‘fasfh LAl Sref QiR d S€s a

sheet of copper. The overcoat é’l atter t o expose sour and
gate pads on t&H&dRE Hhe dToms sise ohthegwater m%b@(mlﬁéuy @ﬂ@@lefldpea Fapobiing

attached wi th @peeR6Uehick oaRIMBE ndde & éjhéﬁd?mhﬁ‘étﬁb'}ﬁét ?H%ﬁ?ﬁﬁ gl de of

the die, and the w aparound | ayer extends around an e e to
establ i sh an efoddpstiveamatcsighsueh gh wepdedinl @Sn@laﬁfrbwpgmqslenbfthq KepRoriEngand

the copper Suﬁl%fst&aﬁ&ﬁ)exBBﬁ‘em@chhl%nQﬁpi&%n%@%ﬁ%&@of’t?é’%fe?n the front
si de 26 August 2004 4c of die effectively forns a rront side drain pad.

Sol der bal I's may beAfemieadusior RaskageonRe eompRIee smicandastar gigds suppeetiteackage
can be invert egihsisle BRANEE %o afbhbl-PSldE B BheSdi¥) £ no%néud’?ﬁ@ ovbﬁoﬂ%ﬂ?ﬂ’ng a

enbodi ment, the substrate is nonconductive, and vias filled w

front side of the die, an opening in the overcoat corresponding w1th a connectlon
pad on the front side of the die, and an electrically conductive wraparound layer
(which may include a conductive polymer layer or one or more metal layers or
sublayers) extending from the front side of the die, around an edge of the die to the
substrate, and thereby establishing an electrical connection between a location on
the front side of the die and a terminal on the back side of the die. A solder or
polymer bump or ball can be formed on the connection pad.

In one embodiment, the semiconductor package includes a vertical power
MOSFET, and the supporting substrate comprises a sheet of copper. The overcoat
may be patterned so as to expose source and gate pads on the front side of the die.
'The copper substrate may be attached with a conductive cement to a drain terminal
on the back side of the die, and the wraparound layer extends around an edge of the
die to establish an electrical connection between the front side of the die and the

copper substrate. The portion of the wraparound layer on the front side



a conductive material extend through the substrate to all ow,glectrical
contact between the waparound | ayer and the term nal on t%g‘dﬁlggffzg)laée of
the die. Sem conductor packages according to this invention do not require
an epoxy capsule or bond wires; the one %r nore substrates attached to the
die serve to protect the die and act as fBat sinks for the die; the
packages can be very small (e.g., 50%the size of nolded packages) and

thin; they can Vj: | ow_qQn-_ . resist.anc r the sem.conduct or

devi ce, parti cﬁFg{r%Idﬁglggg(ftﬁgfy\y/\%PBf‘ aﬁﬂon&P@S Hm’f‘ﬁ’?ﬁ'réqa‘?ertbtaﬁ%?méfrbee EBAbLAR cal

to produce, si Heesoumey gategmiirdeainatn| Tie mackigeachnf beah®ertedamd mioheed CAip-be

used for a w d%lgi%%hriléat acijcﬁen‘i conduct or devices such as di odes, MOSFETSs,
ansr )

JFETs, bi pol ar stors and various types of integrated circuit chips.
BRI EF DESCRI PTI ON O ditdEhdDRANONIETent,he subistratetis ammoonductive, ddtvigy fillsidwitst ood

by reference t || owi ng, _dr awi.ngs t dr o gcal n which
simlar corrpongn(%ogl ggétgfesﬁn\#epglr F§tenwdﬂf%8glégﬁe ﬁ%%rae' ttq Iaﬁﬂ‘é’t ag?t’élgélac%??tvi ew
of a convent i ohetiwesethecmaparotmt layefamd the teahindl ;gtha bptkusidd of thedfe. di ce. FI G
2A illustrates a cr - Lonal .vi ew of fer. attached.to substrate
in accordance with s %?us(:%lg&\'%%?{t pskees, @cog%qu\?? ﬁélfrlgff 108 d¢ ﬁ’é’?ée%lil’ée 8% the
\gfa}‘: er af2 tC e_rI ][ hepcmye:apmmh oﬂmfdbe'm% Ehé_emes'r h'mbt_ l:ajbdtrqleah itmlcn&ﬂtob tB@digl:&gmtrl&tto 20?;1
ig. illu he r er al ..cuts have been,made al ang the
scribe Iines sé%g%gﬁen%mﬁ?gaaﬁf se_ﬁesgis&l@%{){ h%@?’r%‘?@?ﬁléa%f’ 68 bg JETy Brﬁ%? Vi ew
of strips of di«g, Mianbesiz¢ ofpmbhied phckagbgramd ahiaf thek chm pasidy destgdowionh thi s
invention. 5 Fj 4A-and 4B .illustrate top. and .cr.oss-sect.ional .views,
respectively, %)egi%ta(r)lﬁé\fog?g T He 8?%&] cﬁoﬁg?‘ﬂ(ée’ %’Eﬁ’c?ﬂf.jaﬂffilgﬁleé” a}%?rl Iﬁﬁ?@fiéjémﬁer'
cr oss- sect i onatheyiasmveamotrficado pfodube sthiceahéynrdghire sibandlds os eadi figmdround he
netal |ayers a i t he, pads .and wr a rqound t.he edges .of the
di ce to establ fhgﬁd‘%ﬁat’z {é%?ri:%gaal W%egﬁaé%e[ty 5’% Sﬁf’f‘%@“‘i o APHST TR HediBdek si de
of 10 the di eMUSKETsGIFETs, bipoktr éransistpesranpeatiowsaypésaf imbgriated officeit ahiper t he
pl ati ng process has been conpleted. Figs. 7A and 7B illustrate top and
side views, re IPBION 1eeF THE DRAWINGS

This invention will be better understood by reference to the following
drawings (not drawn to scale), in which similar components are similarly
numbered.

FIG. 1 illustrates a top view of a conventional semiconductor wafer
including a plurality of dice.

FIG. 2A illustrates a cross-sectional view of a wafer attached to a substrate
in accordance with this invention.

FIG. 2B illustrates a single die of the wafer after the overcoat has been

deposited and patterned.



conpl eted sem conduct or package including solder balls for i r nal
15 connections. Fig. 7Cillustrates a side view of a packagggéu%g?t?réb?o t he
one shown in Figs. 7A and 7B, except that the solder balls have been
omtted. Fig. 8 illustrates a cross-sectional view of an alternative

enbodi nent ~ wherein the supporting substisate i s nmade of a nonconductive
material and vias 20 filled with a conductive material are formed in the
substrate. Fig. 9A BEBolMs illustrales therwaferafiee platid] ersnhavsthserimadaaloupper t i ng

substrate is gQibafh&depRatidlerblapat side of the wafer to support the wafer
as the back side of the wafer is being ground to make the wafer thinner.

Fig. 9B shows a crosig: 38RktrdBah cds€¥@bna VWBP%%?%%%E‘C %@ﬁﬂ_flga%ﬁig&%gﬁ)l -

fabricated by the process shown in. Fig, 9A, DES

The processin oﬂ?aét@gﬁ?ﬁ‘&%%@?%wt&éﬁlgﬂm&?%‘?fﬂs a rectangul ar array of dice.

This is shewn in Fig. whigh.illustrates a top.view of a waf.er, 100- and

dice 102 SThe di ool ARELAR st 6 b erRimeniRnnal Ve BrRbrnc be

| i nes 104, wheme ofdhe dig®incthe staek.e typically nade to separate the dice 102.

This invention will_ be described with respect to a package for a vertical

power MOSFET, whi chFigypillustratps hamossoentiosalandy ghitheed efithe disk én tha siack, f r ont

si de 26 AugustsdQd foit et RYds hEdUAMeAAN thd Badd Al b Eroudd g2l e
al In S t n be

under st ood, ho er, that the ro ciples IS _Invention c

used to fabri cf\gtet e dicg S rsirRlish gn elepipicel epanegtionswith @ tenainad en thyibackside B has
term nal s 1lpot hkhietdge.f ront and back sides, including diodes, bipolar
transistors, junction field effect transistors (JFETs), and various 5 types
of integrated circuFigs6(ilusSshtes Apetspestividaici of theliite dfter dlid platitheprocdss adli e
refers to thebe%h%%mﬁ)etéc{]e die on which the electrical devices and/or a
majority of the "conrection pads are |ocated; "back side" refers to the

opposit e side of tNpigdl £ o IBTISANEHELAR e VIQRIRLbYANES, B hoP ot 2l

| ayer that includes Tonnpection pa ] ) tonnections with
ext ernal devi ceynplersdsomicoadpsior pagkageiincluding seldeniais fer mpkipg gxtemah| t hough
copper | ayeyrs édmedtigia. bei ng used. In nost enbodiments of this invention,
this netal |ayer needs to be nodified so that it will adhere to a sol der

met al suc_hclasI tin/| Bigd 7Cfitlustidies 4 £a6 RS di@%ﬁ&&dg@@imill)ﬁh@\t\he dife shb-?nmi Sba
native oxi de F @ netal . this native, oxide |ayer, must first be
removed. Then gyggb?%gpggﬁ ee)f%Pgh?t tgﬁéwgﬁfsbaéfﬂha‘fe ﬁ"ie&?@i{lﬁ?f?' silver, is

Fig. 8 illustrates a cross-sectional view of an alternative embodiment

i wherein the supporting substrate is made of a nonconductive material and vias
20  filled with a conductive material are formed in the substrate.

Fig. 9A shows an alternative embodiment wherein a supporting substrate is
attached to the front side of the wafer to support the wafer as the back side of the
wafer is being ground to make the wafer thinner.

Fig. 9B shows a cross-sectional view of a semiconductor package
25  fabricated by the process shown in Fig. 9A.

DESCRIPTION OF THE INVENTION

The processing of a semiconductor wafer yields a rectangular array of dice.
This is shown in Fig. 1, which illustrates a top view of a wafer 106-and dice 102.
The dice are separated by a perpendicular network of scribe lines 104, where saw
30 cuts are typically made to separate the dice 102.

This invention will be described with respect to a package for a vertical
power MOSFET, which typically has source and gate terminals on its front side



15 deposited on the exposed netal. The renoval of the oxide
deposition of a solderable netal can be acconplished by nezziérsl?ﬁg?St%664nber
of known processes. For exanple, an alum num | ayer can be sputter-etched
to renove the native alum num oxide |ayer and then gold, silver or nickel
can be sputtered onto the alumnum Aléernatively, the die can be di pped
inaliquid etchant to strip away the 20 oxide | ayer and the sol derabl e

EFt al cian t heandlaeiraiﬁpaﬁnhﬂdmﬁys kR eideoeHsuldbe l@lld%fobel BldWé?veP'tlQét'tﬁ'éJ "
ectrol ess cl udes e.use o s to ace
The_ oxi de. 1 S Pttihei & HEBR iR Gec e Brcftodiitiselih naker B 3HUwRE OF  Af ¢ o1
the | ayer of Ssmlmmdacttbedmlfad:h h&sstednmamlscﬂ;eﬂnm frexet, antl Ibaclmi&és hichplingh t he
process of t h_shows a

rect angul ar ?ééqségy ééﬁgﬂeshﬂ cond{aﬁ%{g eh%c tr S’fé’ﬁs Q‘gﬁjtr ﬁ?‘ﬂ&aréo%urrber of
di ce 206. dThdyRssit ln@gf@‘@d&fcgml%hd‘tﬁ:u@d hnaa‘imrthet‘montsub’t’ phe Hedefaps tn

el ectrically tE@ﬂﬁé'@fﬂiéQile 61‘1'%?6ch@91 slRaf di&s afldory I'rgbcg'lt#ﬁYﬁ{e of a

conductive cenent | ment, substrate S made of copper,
but it coul d “PEEP Iﬁépﬁ%%feg?caé% b%qkesi e gpfercioitheopnsite side of thsalig-e of

provi di ng support and acti,n (ﬁ ad? an el ctrl cal ? contact for wafer 200.
Cenent 204 coul d W& SERRORdyqipL: lﬁé‘ﬁ’éﬁ‘il hps gtpp metal laveethat ghdget i ve epoxy or

anot her conduohhewtioglpads qufer maramguﬁtetcmn@ombhymhlekm1 Beticéd. could al so
e anc SNy A1 8, B o RS BB e o
waf er 200 33spéf b‘r@oﬁtmnﬁminamts a0thig mvaqaimu s tetad tayer nkedg ookt moldwdon t o
the cement. FKQrhAGt M@H&ﬁer@\%qﬁ'soidﬁ' s%clA %/]g?slhaforlt ﬁﬁso%@ﬁ«a%c%%&de a 500

A titanium S(L.;i?ﬂk \%{ gver aln sub ayer an m si |l ver
subl ayer . ot Bske i BREYS ade %lwrm cmlashé&@twaﬁxw@ laxepoeisted by
e\r/Tgpgr ation (ﬂrsslﬁmiehﬁfviedg'l‘h&’iﬁﬁ e51deQ0lel rﬁéthllg@cg1 &'g@i‘% %Qﬁtelt’)‘&' &GRef s t 262 .
enbodi nent ¢ r Ccri above di'ce cou

al t er nat %el y&tcpgﬁpe 5?%?? ’?‘i%n;@tr?ﬁl I(ﬂ’??)tt?e%" geglﬁ d(éEO%VO%Hg/ type
of verti cal cﬂrSdltéQreblalme&alraaalbbawommplckhad be meaihef MaBREFof khowﬁlpadScesses
transistors, %‘lgﬁ‘lgﬁr %M%‘ﬁf&%ﬁﬁ?s #e?—@tc%\g%mremovc%en% di mensi onal

i ca

array in each of are separa § by a
per pendi cul aralWBiNs RXiGF I%meenﬂeki, sii¥er oDniskeho® tesputterodnatotthon pads on

10 th f f
ei r fronflusiles. M&bﬁﬁtx@él? it %EHJAah HeQfp é@ﬂlﬁ%:{gq‘ﬁgioc%%ﬁiﬁl_} @ggpgagg‘yﬁiﬂé e

pads 208?0 showg n _one | ce 606 eS|

typi cal | ydr aPHp &7 3y es fiak gom B%Ehk%ﬂ%‘t%ﬁbx%"téﬂlésé 9¥06. In this

enbodi ment, paledrdPBSplatiflg. ZB&aroless plating includes the use of a “zincating” process to
displace the oxide, followed by the plating of nickel to displace the zincate.

After the layer of solderable metal has been deposited, the next step in the

process of this invention is illustrated in Fig. 2A, which shows a rectangular

25  section of a semiconductor wafer 200 containing a number of dice 206. The back
side of semiconductor wafer 200 is attached to an electrically conductive
supporting substrate 202 with a layer of a conductive cement 204. In one
embodiment, substrate 202 is made of copper, but it could also be made of any
other conductive material capable of providing support and acting as an electrical

30  contact for wafer 200. Cement 204 could be a metallic cement, a silver-filled
conductive epoxy or another conductive glue. Wafer 200 is typically silicon but it

could also be another semiconductor material such as silicon carbide or gallium
arsenide.

Typically, a metal layer (not shown) is formed on the backside of wafer 200
35  before the cement 204 is applied to provide good adhesion to the cement. For



are located in a central region of die 206A. The portion of si de
of die 206A that is not occupied by pads 208G and 208S is g%%@ﬁL%%@b4
passivation |ayer 15 209. Typically, in the processing of the wafer,
openings are etched in the passivation |ayer to expose the gate and source
pads. As shown in Fig. 2B, an overcoat 210 of polyimde, plastic or glass
iIs fornmed in the exposed surface of wafer 200 using spin-on, deposition or

spray tec hnlcﬁtﬂ@.@le &ﬁdn&mqayéa%hn %kﬁxdle% fﬁd@% u%ﬁ&nﬁfgmeyébé}&umom 000
phot ol i t hogr H:( %ﬁ‘l‘%’ echnl %S]g or ex Sp as to Ieav 1’he pads 2085
and 208G anda}% ploblager ang P%ﬁeh"wqbga,vsrr Hheditanipmspigkel god silvest i vel y, t he
patterned ovesubkaaerscambdadeﬁo@itétbbbeﬁﬁo@hhﬁbr@m@t@ﬂﬁ@es such as screen

printing. In one enbodiment, screen-printed polyimde is used to form an
overcoat that is 1Wafer 20®urmh1deﬁdg:c 208 vetiichvin this ehbodintend cent2iQ pdwaf t er

t 210 t 08S d
208G and por COSFETEbASPASIBA ooke ML DR LN pali Y oifaRAGpiaY 2"
t hi ckness of t@i’é’rst%%ud@i]?& JlFETéxI&'g@e any tyae iof vertigal of Bterabcursnbfingy delvl@eex posed
portions of PRRSUORIFEIR, bipYer trgt%t&% ed%?és%?%ﬁ{er H&l&&%@gﬁ&ﬂoﬂfmd d' e

206A. Overcoat 210 can a}I so be forned a conductive material suc
al um num or d¥Pptimenygpaliafray fgach 98 dicg 2|Qén@@ﬂﬁm’@tqabélf‘&(ﬂ@éﬁ(?/‘@PﬁféVérbYs houl d

be 30 formed dq&trpaﬂmmew&kwa@nmmeg he7.\BiR206ha®d st ctidittadt BA
conduct i 8 o

oes t beco rte ectlo 208S
o D on e BN el PP R anER e SRR 5. B Siod Bads DS A e pett TBEE, - o ke
with marki n@osmah oas of tiee &ﬂ@léés1gmmdalahc: 266A. Thererre picalhpdnaid padsi(get 2C,
partial cuts er coat
210 and substrag‘@(g@ﬁ%o%%g%d%&e%ﬁgﬁ?gaglgﬁhgs%:%wgg&ngopa\gg 6§S%19n a | the
way through t#elacatediin eeented regign of dir@04A8 Thetportioayofdlxe frort sidetdfidéd v t hr ough
waf er 200 an@ﬂ@ﬁ@ﬁﬁ@ﬁtnogé&:uﬁb@ Uy%fad@@@&@@nd Dods 15%’69&%& glie Ip?%%«atneﬁtlayer

substrate 20 eas roken at_the | ocations o cuts

and 212y ki ¢ f?o({c?t n@ﬁﬁfé@}h@ tﬁ?@m&%@gﬁé eﬂé}egmwngwﬁter dinthe 212X and
212Y are per pessivatidralayérdo eapdteahdigite andlscie padde at the |ocations of the
scribe 5 lines 207 between the individual dice 206. Partial cuts 212X and
212Y can be nade #sshown ooFigeRB) a:rmtemi:iacﬁmgomlmﬁndc pldsde naglassdby, by

ot eh ng-t eonnricd e cBSgH st drydtt: RO P M SUBELIGHY 1O ane
mul tichip st r‘iegl@igll% ang oescqsh el e élthmaétemﬁ@nsmad@hmfpmmlﬁhpg&@hﬂal ns a row

of dice 206. EGhATgESR, fF#leRampR, §J‘ﬁtot1&ﬁre(ﬁ'1&ﬁad§968§%ﬁd DOIG aRPBEAbRLoAI ONg
partial cuts 212Y at h|s tla
passivation ayer x%osed ltematwe y, the patterned ovércoat can be formed

by other processes such as screen printing. In one embodiment, screen-printed
polyimide is used to form an overcoat that is 1 mil thick.

Fig. 2B shows a view of die 206A after overcoat 210 has been deposited
25  and patterned, leaving pads 208S and 208G and portions of passivation layer 209
exposed. For clarity, the thickness of overcoat 210 is exaggerated in Fig. 2B. As
shown, the exposed portions of passivation layer 209 are adjacent to the edges of
the die 206A. Overcoat 210 can also be formed of a conductive material such as
aluminum or copper, but in that case a nonconductive adhesive layer should be
30  formed between the overcoat and the wafer to ensure that the conductive overcoat
does not become shorted to the connection pads 208S and 208G. i

Next, if desired, wafer 200 can be screen-printed or laser-marked with
markings such as the model number, etc. Then, as shown in Fig. 2C, partial cuts
212X and 212Y are made in the sandwich of wafer 200, overcoat 210 and substrate

35 202. Partial cuts 212X and 212Y do not extend all the way through the sandwich,



212X can be made sonewhat deeper than partial cuts 212Y. Fopkg l@p41 N
one enbodinent partial cuts 212X are 5 m|s deeper than partial” cuts 212Y.
A ceram c breaking machi ne such as the Tokyo Weld TWA-100 AG I Il can be
used to break the wafer 200 into strigs 214. 15 Alternatively, partial
cuts 212Y are not made at this tinme, and the strips 214 are separated into

that partl al S B o e I ot end
b The way THFEHGAOT HEC SUBERE DA oo sesil bR bfthen o e lotalons ot WA b br eak
t he ﬁubst rat e2123f gﬂd)%lgﬂvdfit_hmﬁ dantgiipltheldisandsi Abshawe ;faﬁiaﬂf()ﬁmazxtaﬁdk 213,
as shown in i q. | i S rossy section iew ta at .t he

| ocation of O%l(e)hg?.t%tpﬁreneggﬁégﬁr E)l%ﬁ ff‘%c} ?ﬁef’i’laé‘%sa? g’f 0"2"%3113 gf@.ﬁeﬁ%nlfm can be
hel d agai rfst lowes 297 detvegenitie mdividwphdica@06r Padtiabeuts 212Xined 242 ¢ harcnt ai ns a
cavity shaped ' . ' |, t strips
214 exposed. W‘?‘T g’ﬂg%"&nt@%‘?{&é‘h@tﬁ ?lﬁéga‘g ?EI ﬁ%@%ﬁgﬁ%\/ﬂ %&F‘ﬁ%ﬂg , ugfsl ngany as
50 or 100 or leggreusting gPhotolithoerandic pasterninganstetching frshpiquetack. Fig. 3 al so

shows the overcoat 210 xaggerated_ in thickness) which covers _the surface
of wafer 200 excepwmmaéu%@?mmbzmlﬁmwmh@ﬁﬁ&séﬂ4 portions
f’f p;issi vat } Oﬂﬁhg”iﬁmiag&&s lamt(,lhesaelabedhicg%ﬂﬂatﬁg aQbwldTRliGexuse .U{o}’mﬂ&jﬁsure 200
ocations S, HQN e_expqs portions passi vation er

are ex pogcgd %gﬁ‘%ﬁ%e ?sot%rqr gofzﬂfaafﬁgaﬁ%lgé’ﬁﬂg}l F‘éﬁ&géYtagéﬁf flage, ipﬂmtaﬂée(u@t ack
213. When 30 2hzX stn bpsiadd doracwha dsgrebiled partiab coth @13 adlor 24:8nplpadon208S and
208G are in eE@BB&iﬂ%ggbﬁﬂaPJufts i@ﬂ%&%ﬁg@% Q%aﬁﬁ%fa?ﬂﬂ?ﬂp&’ﬁ GeerathicShOVS
a top view of die I n one of strips ,pso n e oc'aﬁons of pads
208S and 208Gbrepkisng matine surleas the Tokpo S&add JoY A+ 1ORA G cpm be sasktp deakay er

209, which ar e werRf 26h R #apOH1A4N edge of die 206A. Fig. 4B 35 shows a
view taken at cross-section 4B-4B in Fig. 4A, show ng how overcoat 210 26

August 2004 9 surr glpgsatively, SAHAICRPRIP Y88 Aot hlad¥hd thishiBné \and €Y stiipal 14
overcoat 210 siml ar}%. sur@O@dﬁ t he aglﬁ%e Hgad.Z 8G._Strips ﬁ14 ar.g.lhen
exposed to a BEpESFAfS AN ndixEualdicq pl4ihies siegs i ﬁé’f%ess'l"g@oé er ppgsipility
sputtered on itthaepartaedtsid2iyi ansnalf bpfvss cwall 2K, drayets 20K cancextendtdle 5
edges of stri 4 WA z 9] L. V] [ Met al
cdges of UL B S ARIONL BB PR REEI BARkst LR 0 e Vet 21
edge of the die 2QfAnd P LLRAUSHYE SHEMhANR © @:g%?%&l@?l@,%%ﬁ&bﬁﬁh' ng an

el ectrical _conpectiqn . between the front side o e 206A ar%(ghthe drain
termnal &P tpRde. 16 &f&QNs-sectional view taken at the location of one of the cuts

212Y. To form the stack 213, strips 214 can be held against one another in a
magazine or other fixture which contains a cavity shaped to hold the strips 214 in
place with one edge of the strips 214 exposed. While only three strips 214 are
shown in Fig. 3, as many as 50 or 100 or more strips 214 or can be mounted in the-

25  stack. Fig. 3 also shows the overcoat 210 (exaggerated in thickness) which covers
the surface of wafer 200 except where the pads 208S and 208G and the exposed
portions of passivation layer 209 are located. Because of the geometry and
locations of the pads, only the exposed portions of passivation layer 209 are
exposed when the strips 214 have been arranged together in the stack 213. When

30  the strips 214 are assembled into the stack 213, pads 208S and 208G are in effect
sealed off from the external environment. B

Fig. 4A shows a top view of die 206A in one of strips 214, showing the
locations of pads 208S and 208G. Also shown are the exposed portions of
passivation layer 209, which are located adjacent an edge of die 200A. Fig. 4B

35  shows a view taken at cross-section 4B-4B in Fig. 4A, showing how overcoat 210



symbolically) within dice 206.. In this enbodi ment metal |ayer ué‘}éjﬁ%t acts
both 10 the edge and back side of substrate 202. For exanpl e,Al yer 5 can
be a | ayer of nickel or copper 1000 A thick. Since, as shown in Figs. 4A
and 4B, pads 2085 and 208G are totallygenclosed by overcoat 210 and the
back side of the adjacent strip 214, the netal does not sputter onto pads

208S and 208 Al ternativel ther.,. .orocess..such as Qr.ati on can be
used to form%}rlri\-er "é(ﬁlt Ei/SeOrur T dﬁggl\/@t‘ﬁﬁu eaeg)'é cng%y%?c%ﬁﬁlﬁ mblﬂatﬂg t he edges
of overcoat 2agownds thhgate gak208Ghot create a probl em because the strips 214.

wll later be separated as described below. The stack 213 is then turned
over in the nagaziXieprs dl4egpdwa expesedip e siepesitiaprosessbytiickie Sest peg! and t he

Same process jierPes5 fpiREeld 8n B I ionAfye? DB ARd bR EheOPPOSI t e
sides of the iée 06.pﬂ& Ie 0\r/lvi n S@d%dgggﬁhﬁf r?e%ﬁtmn% 215, stack

Fol | g .the : ( tal I ayer

213 is di Sas$ERB YRR 4 ssRowndn e %rpﬁs-rﬁfgtlm,vl%gt? F-fsesn%taléweﬁ% rips
$1f<1 ar\% lb(r]I O_IF%girigtg@Adglfi?frt@ueadftﬁé ge 203%@:@‘:&%@15 &%uﬁauiebﬁEBXftdlﬁgﬁd:' B, ak .

OKYO v Jd cear reaki n LNhe can e ,use .0 rea e
ST ps Next J0ha Ae r R G BRrd o BB i R el SR eckiOpr b g
machi ne such tesweanehefoont ddd off diel 20§A HBG ther dréwmmeindasl offhaMOSEE R(stioen
el ectropl ati r |8 . D@ t.Q. f ly | 6 over
Che 11 1ot - et rtPaGARd i Ger 206 ol Bis BT AR FORA 187 315 cBikEGs e
pl ati ng lfaclthpedegeandiragk sids of swatiated0ds eEbrteamlenFasfetb}ﬁjcmea layexypér 216.
Metal |ayer &é&lfo%g%,epm()o AP SHce [ RGHIRA F Fggg%’@é féaﬁmpgdsdms AnAt

adhere to overcoat 210, 30 For _exanple, netal |a . can_be a one m |l
thick |ayer of08% ¥sItefallnpncdossdbyoversoat? IQandithy backsidaplithe adiasrat soipe t hus
creates a gooti4ehiecGhétalddes aoNERGE Sito PREVENSS anld 08, OAkerghtieelpfanéther 206A
and the copper_substrate 202 @I owogi t{eé_gﬁges \of t di e. 26 August
2004 10 | f t HEOEPEPEALES Y ERPTRUcY 6f 1 IUEHERL Y Hateri al, as
descri bed above a ' ' Lo l.ed to
separ at o ne.over cHarl e kS BT Shifing B o SuBEFAB kR RGTH °)
gap between tmhad cocass & prbleambeqatee the ships @il # ovill fatdsbasepamtesasiescritisd pl at ed
nmetal |ayer fggQpwcreating a short between 5 the overcoat and the
connection pads. In some cases, it may be possible to omt the second netal

| ayer by deposi ti MHe &aéied B isMRdnytutttidCvef inf the ni¥Bhahe tA®GIosOhe dppbsiexanpl e,

Fg;; gr Imralg g(raec%ﬁ?é gg ﬁ{eiﬂéée%b@ Iax?d %teg%e%g(?c%gs[ ﬁ)@%‘fgmg@ troecrttag{g Q sgryl\ffarq%}e?l

20 215 on the opposite sides of the dice 206.
Following the deposition of metal layer 215, stack 213 is disassembled into

individual strips 214, and the multichip strips 214 are broken into individual dice
206 along the cuts 212X. Again, a Tokyo Weld TWA-100 AG III ceramic
breaking machine can be used to break the strips. Next, the individual dice 206 are

25  placed in a barrel-plating machine such as one manufactured by HBS or American
Plating, and an electroplating process is performed to form a second metal layer
216 over the first metal layer 215. Altematively, other types of electroless plating
machines or processes can be used to form second metal layer 216. Metal layer
216 forms only on top of the metal layer 215 and does not adhere to overcoat 210.

30  For example, metal layer 216 can be a one mil thick layer of a solderable metal
such as tin/lead. Metal layer 216 thus creates a good electrical connection between
the front side of die 206A and the copper substrate 202 along opposite edges of the
die.



to make the connection between the front side of the die an?% Qggbge
termnal on 10 the back side of the die. When two or nore Tay -are
deposited, the layers can be viewed, in effect, as sublayers !n a single
wraparound netal "layer". Fig. 6 shows tife 206A after the plating process
has been conpleted, with the front side of die 206A being connected to
substrate 202 by neans of the netal |ayers 215 and 216. The portion of

netal |ayer 216 onlfitheotarevat 250 thefohedlofa &ﬁﬁéctnfb%&t&%l”%sdds&lﬁédfa%{'e front
side "drain p 6A cont MOSFETSs, substrate 202

“woul d be in elect Irl‘%:cg%gaghet%bgﬁa%ﬁrfsnprf’%éﬁy %?Fﬁeﬂt? Pt ihe overgast f9tus t he
front side dr@ienvaterd Thivondrgonductive ttyet c:ra:kthsya gapbeetacht ovéddatdhditlie

i odes. ot ol ree R iag R oo e TlNES Bl Xovel bl Fooing 2 sHRE bireane 206
to whi chever %W@Fﬁﬂtr@é he compeetionrads.at hodes) were | ocated on the back

side of the die 20 Ei ther pad 208G or 2085 could be used to connect to
t he other terninal I?’ogpn’teﬁésesdﬁtm&e%ﬂhh ta jomst the s¢opad metaidayenbyi ng di e

strips 214 | rﬂe@oatlﬁga@&aﬁﬂ&yﬂﬂﬂcﬁﬁf FetH) laye AYE Fx e?(?ﬁlpﬁenge@lfjeﬁ pradescri bed

above, a wraparoun nmer or metal tlonal |y

simlar to | gfiygpgra % ﬁ‘n‘gﬁ e@@ =frB?rﬁé]EF"ch0dP‘?§3]slﬁYqI§)§mZb& depesitad, for

exanpl e, a rmtohmaie tha eotnattion Batwaart the fifdint ¢ide Gmﬂibymﬁfthéa@ﬂéb teﬁﬁ;{na%&?t Egr
ctive wraparou nnect i ng

?lr E)ﬁ{ nglt e of Ea&dﬁ&ééf@@% dewif:{“é P %edﬁef%ﬁeﬁﬁ%%@é@wh%faa@w&ﬁﬂ fe die

can be fornéﬂe‘ﬁﬁéliieffm asstiblay¢radn beinglesepparatedimend Blayerti vi dual dice. 30

Usi ng a conventional process, solder bunps or balls 219 can then be forned
on tﬁe pads 208S 2\'?1‘6 g@‘ﬁ@’%ﬁ 206y afier e piasingfprodses hmtbaenbcaypheteﬂlﬁﬁhn t he

front si ge ofthfﬁentzs@@eﬂoi(dlegoéybeiga c%hﬂ&téﬁ'tgaﬁgﬁﬁ% 202 li}fxﬁgé{%'d’i’%% el
i
g]g)mé: St e7B p% a&g’;g{ﬁz ﬁgomﬁ‘se {téo"fﬁéf“gt@l layenale@nithe HonlesidenfidioRBA manner
by deposilfi ndeaordessi affeft mfibmigsidotdisin pgdS’t 8ino¢ d1l@y206AhﬁﬁtaB{s%$@§f S ez XS lrjrglheas
t
caui prent 2V2?9§§F3§ rBRase 0f WM bcR eafroelSontaeh dattBtiE hein P fiibab
Nauen, Ger mardpyt this the fras| side drain pesls ewroulcbbeﬁe@ubajbzrconmdtéd toothetmin avai | abl e
fC{)O? S e tdlﬁﬁgi’iﬂs b mléM not her Igl?t er naﬁ’ f&@g@&@\é@n@%@aﬁ%%%s i
t 0 u
t hgr lrjrgsla;/'? i gé“%%‘iﬁ%? 2P§ @a‘@]&a‘@‘)‘gg Keanssbthe feant side Pﬁé‘ﬁl%ﬁ& te W}pehﬁymar s.
20  terminals (anodes or cathodes) were located on the back side of the die 206A..

Either pad 208G or 208S could be used to connect to the other terminal of the
diodes.

As an alternative to assembling die strips 214 into a stack 213 and forming
layers 215 and 216 as described above, a wraparound conductive polymer or metal
25 layer functionally similar to layers 215 and 216 can be formed on die strips 214
using, for example, a machine available from the Nitto company of Japan. As
another alternative, the electrically conductive wraparound layer connecting the
front side of the die and the device terminal on the back side of the die can be
formed after the wafer has been separated into individual dice.

30 Using a conventional process, solder bumps or balls 219 can then be
formed on the pads 208S and 208G and the portions of the metal layer 216 on the
front side of die 206A (the “front side drain pad™), producing the completed
package 220 shown in the top view of Fig. 7A and the side view of Fig. 7B. The
solder balls 219 may be applied in a conventional manner by depositing and

35  reflowing solder paste or by other processes such as screen-printing or solder



Package 220 is then mounted on a PCB or other flat surface by s Egaﬂgg
known "flip-chip" technique. Alternatively, the solder or poly unps or

balls 219 can be omitted to produce the package 230 shown in the side view
of Fig. 7C. 10 Instead of attaching thg wafer to an electrically conductive
substrate, a nonconductive substrate an be used to support the wafer, and

vias or hole ' Ritdg) conductlve
material to ﬁﬂt&ﬁﬁ&gﬁn% rica '(l:é(;ﬁéllﬁginﬁiftba?aflgﬁlg f%ﬂ?]ﬁié ’l‘égg Iﬁbl%[h%ﬂlwaf er. Fig.

8 shows a packbljesggorsiter e, A46t1 N@ﬁ@oﬁemmwgrbmmg&neéva@ziw@ seldenched t o
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on the front sgde of die 254 and netal |ayers 264 extending around the
edges of die 4hd substrate 252 to nmake el ectrical contact with the

ductive 20 nat g ,
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metal . Condudeiova (Ripehipy |teMumyklteanamelerxtlsrsdldehomcgymmxmwgrbauw so as
- to make a di rgetcqYRtAGedtd oﬁu&eetﬁgbﬁtﬁéaﬁf’mo &mrpmﬁ%ﬁa%e% bg. #84. Vias

256 coul d be forned, for exahple, by driTling, and coul filled by

a platinggp processipstad Bﬂaﬂ@:ﬁfﬂg&ﬁéw&&'ﬂ% %EME@Q&WC&%&[W sabsthitkle0 Denko.
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To provide proper support rocess, the
front side ofnansendwctive subst@mwdlstatsa@eé@cppmrhaphgldegﬁélst%ét éh Ser the

grindi ng f1as b GeSRIHELESratt b?Z b@% 2§5%‘e f?flecf Qﬁh%&@&uch@c mitdrathes to a

substrate, in the mapner | n which wafer t.ached a condyctive
substrate 202thabis B glsgHIGRcrtRet vm&a!ayera%ﬁm@eﬁ%éw G‘én‘éﬂﬁthﬂF APEED as

shown in Fig.p &kag&is%lrmlaﬁgdm efibodimeneddseibed dHohelGlittdart dé%r&d&t BGIB? waf er (216
August 2004 12 inte strajes a ed.to its ont an
UGSt 2004 LA o] B OSSR LA RS e Sl AEEd A kB e
applied to t hed@amﬂdwcitﬁ@ndmbstme 25 ©.mélk dbﬂmsalaostecttmﬁntmfcoadmdtwnned
waf er 300,@ang) e r t | de
substrate @04 %Eﬁgﬁ@ S%%’Zﬁheaﬁz (%qe] %Sllng&e ?jfj&gél{lﬁ ?Hﬁlﬂfur on%él %e éu strate
302 to provi delagée e@@ndtwtwe meéerial 60 gadé be agnetal gypmductive matemal 260 may

also extend through the layer 258 so as to make a direct contact with a terminal on

the back side of die 254. Vias 256 could be formed, for example, by dritling, and

they could be filled by a plating process, using machines manufactured by 3M or

25  Nikko Denko.

Semiconductor wafers are normally on the order of 15 to 30 mils thick. In
order to reduce the resistance between the front and back sides of the wafer, it may
to desirable to make the wafer thinner. This can be accomplished by processing the
back side of the wafer, e.g., by grinding. To provide proper support for the wafer

30  during the grinding process, the front side of the wafer is bonded to a supporting
substrate. After the grinding has been completed, the back side of the wafer is
attached to a substrate, in the manner -in which wafer 200 is attached to a
conductive substrate 202, as shown in Fig. 2A, or a nonconductive substrate 252,

as shown in Fig. 8. Thus a sandwich is created, including the thinned wafer



and a portion of the passivation layer on the front side of ygafignst3004
Front side substrate 302 could be nmade of glass or copper and is attached
to wafer 300 with a [layer 301 of a nonconductive cenent such as
nonconductive epoxy, for exanple, to event shorting between the
connection pads. Openings 306 could be formed by 10 etching or by a

mechani cal npaRs3H 6B SR 14 4 - QS ..gan be
performed in_front si ﬁg%strgt?%eg%t?%g%rlggf& E‘gcrlg?cg{gé@% fesgeg%lyaghed to
waf er 300. THeereafier, e aeocess dessriiedabove is agpbiedhio the sandwidh staxtimpl e, a
grinding nmachine Il able from Strausbaugh after wafer 300 is attached to

avai .
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need for an awer pation ofithelpasdivativn layat@nahe fiafiteside @0Qafen30tarFromesidzoat may be
applied to t | f f far raont .si.de u ral,e 302 is
P hchod. 20 @0 Shilf o mllh HlaiQids Sl fod £ WaoRud6 wabdt 200 1 Es
descri bed ablgyer 301rnf aingncenduetive cermenysuctps nagconduetiss epaxypfosesarepl, to
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term nal'Yon FHRNE 0p J¥ @ TagchaNigH menns geh asstampiag or dallingornd onenings 806+t he

retsu: t: ng pacalfagsepo aformed i HonEdOfhbkgats Isow:pefo_ﬂe ﬁil%tr/%\t%F;OZ}M htthcBEd @anle 0 [ _rmrle
metal |ayers appi ar.oun e of dje. o forman, electrica
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si de of di e 8@CHne wilablefaoniStrausbavghiafiek wafet 300fs dtfacis:ditofent sidea have been
descri bed, t ' ' | |0 44N wll be
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CLAIMS V& chahding lwaffr PI0O&eS5e @innkaby il%)’fs‘iﬂg”'& AcRAE KBRSy flont G CONduct or
uctor wafer_i1ncluding.a plurality

device conpri.sing:.,Rroviding a semco

of dice; fo?wsha%aar?ad@@’r‘g% a@ﬁﬁ%“%‘iﬁlr 58 o¥greeatondhe frentfide e Wafer waf er

pat t er ni ng t Be0,mrencvaicoitanexbosspliRd qe thecedrit Qe dvader FOf ebtitt fondsidef
substrate 302 is attached.

20 The sandwich structure shown in Fig. 9A. is processed as described above
in, for example, Figs. 2C, 3, and 5, to produce a semiconductor package having a
wraparound metal layer which establishes an electrical connection between the
front side of the die and a device terminal on their back side of the die. A cross-
sectional view of the resulting package at section 9B-9B is shown in Fig. 9B, with

25  one or more metal layers 310 wrapping around an edge of die 300A to form an

electrical connection between the front side of die 300A and a terminal on the back
side of die 300A.

While particular embodiments of this invention have been described, these
embodiments are illustrative and not limiting. It will be understood by those
30  skilled in the art that many alternative embodiments are possible within the broad
scope of this invention.



the dice; attaching the wafer to a substrate; separating tlég waf er nto
multichip strips, each strip containing a plurality of di Auﬁ%%@ il ng
the strips sandwich-like to forma stack, with an edge of each die in the
stack being exposed; depositing at least a first netal |ayer on one side of
the stack, the first netal |ayer wappildg around an edge of a die to form
an el ectri cal connection between a location on the front side of the die
and a device tfﬂ{g nal on a back side of the die; disassenbling the stack
into individ ips; and separating a strip into individual dice. 2.
The process of clgfdgdingonprising depositing at least a second netal |ayer
on an opposite side of the stack, the second metal |ayer wapping around
an opposite edge bf thé tfasessoof drbricating| 2 peckagal for onmsemidoodudser deeine a
second | ocat | &ﬁ%g&oé he front side of the die and the device termnal on the
back side o 3. The process of claim1 or 2 wherein separating
the wafer into strips pmiding’smicmmmt'omgfafémm]gdlngh@lm&ditgrofdﬁ:d t hrough a
portion of the substrate l.i nes, bet ween the

| t | ] el
dice to forma first s%’t"m&ag é)“g‘g'ref(ioé* 5‘253?1?‘%?“??‘?8 aﬁwgpgﬂ}eéﬁaécf”hl ng i ntact

at a back side of the paRstih@iiR ov@Rfbabioeddpoiida thmettihibpdPsLa FoRn&ds Be
partial cuts. 26 August 2004 14 4. The process of claim3 wherein cutting

conpri ses sawi ng. M5 dicfhe process of claim3 wherein cutting conpri ses

phot ol i t hogr aphi c patt&gdghﬁgtg@gmfg.@émﬁuge The process of claim3 further
an

conprising cutting throug t ht ough a portion of the
substrate between di cesephwatigg dhs ecderdinge mufichip raéps, pactpetmiph carltainingoa t he
first set of par #llu?a{ht ﬂﬁ to forma second set of partial cuts before
separating the wa sPri ps. 7. The process of claim6 wherein
separating a strip i ntassembllnn/g the atripstHanéwivhstikei te dsrnb b gadck ngith e edge bp al ong
the second set of ezpcﬁrdgclz i%lthe stacﬁ( being exposed;
depositing at least a first metal layer on one side of the stack, the first
metal layer wrapping around an edge of a die to form an electrical
connection between a location on the front side of the die and a device
terminal on a back side of the die;
disassembling the stack into individual strips; and
separating a strip into individual dice.
2. The process of claim 1 comprising depositing at least a second
metal layer on an opposite side of the stack, the second metal layer wrapping
around an opposite edge of the die to form an electrical connection between a
second location on the front side of the die and the device terminal on the back
side of the die.
3. The process of claim 1 or 2 wherein separating the wafer into strips
comprises:
cutting through the wafer and through a portion of the substrate
along a first set of parallel lines between the dice to form a first set of
partial cuts, the substrate remaining intact at a back side of the substrate;
and

breaking the substrate along the partial cuts.



8. The process of claim6 wherein the first set of partial ts i eper
than the second set of partial cuts. 9. The process of any2€#€g$¥ipﬁ
precedi ng clains wherein depositing at least a first nmetal |ayer conprises
sputtering. 10. The process of any one of the preceding clains wherein
depositing at least a first netal Iayeﬂ4conprises evaporation. 11. The
process of any one of the preceding clains wherein depositing the first

nmetal |ayer conprises depositing a first metal sublayer and depositing
second netal subl%yer &heprogess of claith 3 ygtessin hthing gamprises sawHE- pr ocess of

claim 11l wherein geposifin second al er [ i ng.
13. The process o?' anyT%%eg%r%)Bﬁ%e g?ec%l I hg %I Z‘l”%;l%y%ercgﬂ% h?a:%&:h onS%%acti on
pad | ocat ed plotalithoptaphicopatteaghgandetching. f ront side of the die, and

wherein assenbling the_strips to forma stack conprises sealing off the
connecti on pad. 1&: TheEhs PrcesOiaign I §pmpHEng cuitiagithrgugh Heyyafer

conprising fof m:gk%@% ﬁ;%h%r oP e @b?gﬁk%%&&%io&%{%@% séé&?hﬁ el GROECt i ON

pad. 15. The proc any one o e preceding c erel n the
substrat e i spebackiculaalol the dstdet of paralléblineEhte formces=ond sefl aff parfisl odter ei n

attaching the wafer to a sub?tr,ate .conprises attaching the wafer to the
substrate wi PHOKTERITAURS the yafsr iRQ SRSt i ve cement. 26 August 2004 15 17.

The process of any onerpf SthRsChpkllinls Wheldt }‘é@ﬁ%{: il b NG5 W Lihdhvidual S
electrically nonconduct?vg. 158. The pr ocegs r(1) o gt;u{r% 17%?%rthe1r corlrlf)lri si ng
form ng a vidicenbmpakes brédkimgigle stripealenp ttersatadasetiof pdrlizlngts he via with an

el ectrically condyctive, materi al .19 he pr.ocess of .any. one of .the

bt ecedi ng. of ai o Bur ¢ noRe BT O ST phSTeT HE 5 126 PagREHiayR AeBRr o

sol derabl e nghakhOfRchbiesdt o phriapapgcti on pad. 20. The process of claim 19
further conprising renoving an oxide |ayer before depositing the |ayer of

sol derabl e netal .921. Theppresesfsanyfonamf thapreotdinpelapme edutieiy depeditieg

e e 3 R B SRS 1T 22 The process o

10.  The process of any one of the preceding claims wherein depositing
at least a first metal layer comprises evaporation.

11.  The process of any one of the preceding claims wherein depositing
the first metal layer comprises depositing a first metal sublayer and depositing
second metal sublayer over the first metal sublayer.

12. The process of claim 11 wherein depositing the second metal
sublayer comprises plating.

13.  The process of any ome of the preceding claims wherein the
connection pad located in an interior region of the front side of the die, and
wherein assembling the strips to form a stack comprises sealing off the
connection pad.

14.  The process of any one of the preceding claims comprising
forming a solder ball in electrical contact with the connection pad.

15.  The process of any one of the preceding claims wherein the
substrate is electrically conductive.

16.  The process of claim 15 wherein attaching the wafer to a substrate
comprises attaching the wafer to the substrate with an electrically conductive

cement.



sem conduct or device conprises a diode. 23. The process of @%{gﬁ 2?81 t he
precedi ng clainms wherein the sem conductor device conprisé %

The process of any one of the preceding clainms wherein the sem conductor
devi ce conprises a bipolar transistor. f} . The process of any one of the
precedi ng clains wherein the sem conductor device conprises an IC. 26. A
process of fabricating a package for a sem conductor device conprising:
provi ding a sem c duc,i. %vaafer ncI udi | ur I ity ttaching a

Cront side of the 1ogess; Gfny e the slaims 1 &eééswﬂaetnh@eﬁaﬁ%raé? de of

the wafer sojagedi@cdlly dbnbbfamler; creating openings in the first
substrate to expose connection pads on a front side of the dice; attaching

a back side of thES. vvaf"éhe pwcasssefocdaich $ G lFatthert eonprising floreming andaventirely
contai ning the wafer in bet ent e fi .and second substrates;
separat i ng tﬁ’é 'ﬁintﬁﬁﬁ FF{) g’é"c‘ﬁl fre B’ E,rb‘ﬁﬂﬁlcﬂp Retye matgalt 1y of
dice; 26 August 2p§4 1@h@§1%%€§%'dfﬂ=ﬁhytdh% citthé B?ec%@iﬁ%tdl‘aﬁﬁlstfﬁrtflélréﬂn"i’prﬁtlﬁ%k o
met a

wi th one edge of each die being exposed; depositing at least a fir
| ayer on onedmoaléln@fattlmt encaleisr aftaesolddralsle naalain theyarst cemapgiangpas ound an

edge of ad'eto el ectr conn on between a | ocation.on the
ront side of tnelli o S PIOGES of lpim 08 SHbae RoBPHATE ity an oxide

di sassenbl i ngy él’f'&f oé1ﬂ%%tﬁé’l‘ayé’ﬂ(§f%%kdeﬁm&ﬂ§etaland separating a strip
into indivi dual di ce. e process of claim 26 wherein processing the

back side of the 2laf eFhe pnpedsseaf gny reiengl the praveding claiws whereimithe 26 or

27 wherein processjng the. back si waf er conprises |apping. 29.
The process BTY &)é %VICFﬁSH@P§?%%SI%%FQ8 wherei n processing the back

side of the wafer2zonpThe §roksMany one of the preceding claims wherein the
semiconductor device comprises a diode.
23.  The process of any one of the preceding claims wherein the
semiconductor device comprises a JFET.
24.  The process of any one of the preceding claims wherein the
semiconductor device comprises a bipolar transistor.
25.  The process of any one of the preceding claims wherein the
semiconductor device comprises an IC.
26. A process of fabricating a package for a semiconductor device
comprising:
providing a semiconductor wafer including a plurality of dice;
attaching a front side of the wafer to a first substrate;
processing the back side of the wafer so as to thin the wafer;
creating openings in the first substrate to expose connection pads
on a front side of the dice;
attaching a back side of the wafer to a second substrate to form a
sandwich containing the wafer interposed between the first and second
substrates;
separating the sandwich into strips, each strip containing a

plurality of dice;



30. A process of fabricating a package for a sem conduct or g Vi C 2004
conprising: providing a sem conductor wafer including a pl El § 89 di ce;
attaching the wafer to a substrate; form ng an overcoat on a surface of the
waf er; patterning the overcoat to expose connection pads on a front side

of the dice; separating the wafer into n‘1§|t|ch|p strips, each strip
containing a plurality of di ce formng an electrically conductive

wr aparound | ayer, the | ayer appi ng arou an _edge of the di e
to format |east a po?StS?IBﬁ Stélpéctf’g%ﬁr P"pgqrﬂl Be‘f‘%geﬁ“ﬁl PRT48E%ATON a
front side of theefih&ic &g @Xﬁggégce termnal at a back side of the die; and
separating the wafer into rndfvidual dice. 31. The process of claim 30
wherein the vvraparounddetmylémg(mdmstsef*srsametabﬂabmtomvcmeps:ﬂg/nélthe goclkAubelst

2004 17 32. The pLo ess claim30 or 31 whe par oun Iay r
conprises a netal*s ﬂolﬁy%rcggaé’f"&?g f“iS’PH‘i}r?Q %figee‘?r}‘e‘tg}q CatorRofhE F
between a |ocati Oébnn@&uﬁl 6&Rbn 81196210 éh BRIMGANGHE bPIhedli8 aﬁadd t%n‘ﬂﬁl\él ce

termnal at a back side of the die conprising depositing at |east one
met al | ayer exteneh abadk sideofitheldieati on on the front die of the die and

around an edge of the die, t at, | east. one netal layer .formng at |east a
portion of an electri C%P SB%THF‘E)%EWHS?F??HH’ ingpd ga&ﬁtqﬁé' ME front side of
the die and the devi cesdpgfafinBal st Iﬁtg%dqaglﬁapalg@ of the die. 34. The
process of claim 33 conprising attaching a conductive substrate to the
back side of the ¥l.e, Thepwceseab tlaone2tnwhatein ayeesdieg thy backcade aftthe wi t h

t he substrate, f35 A. Eroce of fabricating a package for a vertical power
MOSFET conp‘?’?gf ﬁ%mpB B Y ‘a sem conductor wafer including a plurality

of dice; attachizg a Pachrosksboffiaithes Wabe wieid p?&&@éiﬁ% tNELRKOFAE BE ©;

form ng a nonconductive overcoat on a front side of ice;, patterning
t he over coatthe ovaSsremprisentappingad gate pads on the front

29.  The process of any one of the claims 26 to 28 wherein processing

the back side of the wafer comprises etching.
30. A process of fabricating a package for a semiconductor device
comprising:
providing a semiconductor wafer including a plurality of dice;
attaching the wafer to a substrate;
forming an overcoat on a surface of the wafer;
patterning the overcoat to expose connection pads on a front side
of the dice;
separating the wafer into multichip strips, each strip containing a
plurality of dice;
forming an electrically conductive wraparound layer, the
wraparound layer wrapping around an edge of the die to form at least a
portion of an electrical path between a location on a front side of the die
and a device terminal at a back side of the die; and
separating the wafer into individual dice.
31.  The process of claim 30 wherein the wraparound layer comprises a

conductive polymer.



side of the dice; separating the wafer into strips, each stri,p C Lning a
plurality of dice; assenbling the strips sandw ch-like to %éﬁﬁﬁg&gpgék,
with an edge of each die in the stack bei ng exposed; depositing a first
metal |ayer on one side of the stack, the first netal |ayer w apping
around an edge of each die to forman el¥ctrical connection between a

| ocation on the front side of the die and a drain termnal of the MOSFET;

di sassenbling the,_ stack,into indiyidual strips; and, plating a second net al
| ayer over the fi ?zt n&PSIPrP‘éﬁfér‘? cgﬂ?‘ %\g%nﬁs:d’ﬁ]&ﬁ‘éltno ep&’é%%u‘%iﬁﬁsi ng:
a sem - condugdprisis® mé@1. August 2004 18 a substrate attached to a first

side of the die;, an overcoat overlying a second side of the die, an opening
in the overcoat &Xposhngroacssorttiioomingfant hlectmaboohwiction bktwden diezatiand an

el ectrically conductive w aparound | ayer adj.acent tqQ the _exposed portion
of the seconﬂn§‘iq:g°<=,"1 ijde_torfé‘ 'ﬁ’?‘ﬂc Claxt %m‘?ﬁdﬁY’Bﬁéergﬂn@cFéé‘_baﬁ Stdﬁé’tﬁh% to
the substrat @ie%%ﬂr%&?}ré@ Apottink @R $asPoOhbiaP Tyt le%n@ihg%hgﬁé Io.cg@x{;?&fh\geen

the second side of the die and a device term'nal on a“first si
die. 37. Thethednindaliciat therdipank agpundfancidge of 86 dibetheiah leakieosuinstal &yer i S

l ectricall aductjve. 38, Thi i t k f claim3 37
Sherei n the’ RSB ekt Dortinh Dl e T Ra A hefieay SR Lot opahs tret o
39. The sen g@apdutHeiic BAC KRAR Ve tetrAind) %%h&\’ﬁ@él{géiae bpmesdiectrical ly

conductive waparound | ayer conprises first and second netal sublayers, the

second netal subl ¥er Bherprpeesg ahdclaisn N tdeingiising hetaching #i cotductval

subl ayer. 40, .The sem conductor .packa of ;any one of .the.clainms 36 to 39
wherein the Seufbé'&fltreistggh gacgcoﬂf}%ﬁ’f ﬁ\fe‘ﬁﬁﬁg@lﬁﬂ &??ﬁ%mll%%’;al AP PPREINLoBASH UGt | ve
pol ymer. 41.whhehsibsgafeduct or package of any one of the clainms 36 to 40

conprising a connection pad on the second side of the die, the connection
pad 35. A process of fabricating a package for a vertical power MOSFET

comprising:

providing a semiconductor wafer including a plurality of dice;

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

forming a nonconductive overcoat on a front side of the dice;

patterning the overcoat to expose source and gate pads on the front
side of the dice;

separating the wafer into strips, each strip containing a plurality of
dice;

assembling the strips sandwich-like to form a stack, with an edge
of each die in the stack being exposed;

depositing a first metal layer on one side of the stack, the first
metal layer wrapping around an edge of each die to form an electrical
connection between a location on the front side of the die and a drain
terminal of the MOSFET;

disassembling the stack into individual strips; and

plating a second metal layer over the first metal layer.
36. A semiconductor package comprising:

a semi-conductor die;



being electrically insulated fromthe electrically conducti W und
| ayer. 42. The sem conductor package of claim4l further cgmﬁﬁgbg

solder ball in electrical contact with the connection pad. 43. The
sem conduct or package of claim4l further, conprising a conductive pol yner
ball in electrical contact with the connéction pad. 44. The sem conduct or

package of any one of the clains 36 to 43 wherein the die conprises a

vertical power MOSFET. 4445. The sem conduct or ckage of any one of the
claims 36 to 44 wher ef‘ﬁ‘ﬁ? tejaitac 8&;3??' Sﬁgoqug‘ééle%. The semi conduct or

package of any one of m%vgﬂcaﬁme';’@irgé’a?éc L8t %ftﬁé‘gigg.bﬁ opEARE ifi §fe 2

bi pol ar transistor. 26 August 2004719 47. The sem con t or “packKage of any
one of the clai nso88coas eAposihg p@ortiont ditheisecondrspte ofdhe die)Jmkd. 48. The

sem conduct or package of any 0 of the.clains 36 to 47 wherein the die
conprises a IC. 49. A ﬁ%caﬁééw% %DWFW"Ca‘T"a[BBWé‘PdNt%PET“g%?FﬁFi?i B a

sem conduct or di eexisbd pSRHInCST tROSecdfll SideastShb Rl Yhd & gt side

29 f
of the die and a drain _Ferm nal being | ocated on a back side Sganteﬁg die; a
conduct i ve subst ref theadie de Hbel stbpttabeathfknsnglat tdast heodicn afhah electrical

el ectrical contact th the.drain termnal; .and tal |layer overlying the
front side of thePHPPERNEFYETEP Sldﬁlogﬁbeghe @r%f”cf’l‘f nal gn@ Heski ng

contact with the gubstfirige. 50. The sem conductor package of claim 49
wherein the netal |ayer conprises first and second netal sublayers, the
second netal subl&fer bhesemicegdueiat pheliagg of Hilaike 86 timmeinHbe fsubsitatess al

subl ayer. 51 Metal) tor package of claim49 or 50 wherein the
source and algg%%%ggg&congygse a |layer of solderable netal. 52. The

sem conduct or pack®ge The cleaiivorbticture padkage hef stditker3sabbe 3hewhéremonig i ses a
metal fromthe roup co si.sting of | d, nickel copper and silver. 53. A
seni conduct of e%‘%&ﬁi‘gsmb 'f gzlr%;rourg:ﬂ@g?ﬁ WoHRIEE Brm‘ggle;

39 The semiconductor package of claim 38 wherein the electrically
conductive wraparound layer comprises first and second metal sublayers, the
second metal sublayer overlying and being thicker than the first metal sublayer.

40.  The semiconductor package of any one of the claims 36 to 39
wherein the electrically conductive wraparound layer comprises a conductive
polymer.

41.  The semiconductor package of any one of the claims 36 to 40
comprising a connection pad on the second side of the die, the connection pad
being electrically insulated from the electrically conductive wraparound layer.

42. The semiconductor package of claim 41 further comprising a solder
ball in electrical contact with the connection pad.

43. The semiconductor package of claim 41 further comprising a
conductive polymer ball in electrical contact with the connection pad.

44. The semiconductor package of any one of the claims 36 to 43 wherein
the die comprises a vertical power MOSFET.

4445. The semiconductor package of any one of the claims 36 to 44
wherein the die comprises a diode.

46. The semiconductor package of any one of the claims 36 to 45 wherein

the die comprises a bipolar transistor.



a first substrate attached to a front side of the die, Qggm nsg BL?I ng
formed in the substrate at a | ocation of a connection pad %8
substrate attached to a back side of the die; and at | east one netal |ayer
in contact wwth a |ocation on the front side of the die and extending

al ong an edge of the die to said second l€ubstrate and forni ng an

el ectrical contact with a termnal on a back side of the die. 54. The

sem conduct or pac of claijm erein the d| is.1- 2 ils,thick., 55. A
sem conduct or pac@g@] C%%?qr&uﬁ rp‘é@‘aﬂﬁéﬁé{ly?@@& s dJaims Lﬂlﬁéﬁﬁ’hﬁrq‘?ont
side and a bﬂfékhéb&ﬁpﬂm LIFRT.I sing a sem conductor device, the device
having at |east one termnal at the front side and at |east a second
termnal at the b&&kl }qud’énc‘é’cduf’@éi’?c@rgé of gAY eae cbtheelaimg 39 fett MsteiR| de of
the die in eliechi& b&Abrisgnicact with the at least one termnal; a substrate
attached to the back side of the die, the die and the substrate havi ng
edges that are sui®t anﬁllmbkgge(fopharnarcahpoiwmm&ﬁﬂ’lf edlhpnsmgr pendi cul ar to
the front and back sides of t

around net ext.endi ng
froma location over tHh&RIOHR u"t‘%‘i %8 ?)’ftwsﬁ C&laé‘g ‘?% g&&“’é@&é@ ®f the
die and the substfghsidd BE theMiB@RAH LML REAnd BYEH, 1*3%@&1 oh'h 8&&&&&& SE'
contact with the second termnal of the sem conductor device.
sem conduct or pacthagiée;of claim 55 wherein the substrate is conductl ve. 57.

The sem conduct or packa f n .t hy ound. net al

l ayer is in contact w?%o?ﬁ@“é'ﬁjggnﬁﬁge ﬁ{tf)%iﬁfivygﬁﬁﬁ:baflﬁél%ﬁﬂl@%]ée a’ﬂ)‘?“i he
substrate. 58. Th@;e&g@hp@ﬂ@gé@mtﬁ@g{(ﬁﬁ;gerg{m@}nynd)ne of the clainms 55 to 57
wherein the waparound netal |ayer conprises at |east two sublayers. 59.
The seni conduct or packagestalf lawblapmlﬁﬁnghhcefmnttmée ofilthe rdie enidsextending
nonconducti ve, substrate.containn iJ]led with a
conduct i ve nater"iﬁgpga%ﬁdgerﬂ%t (@Fﬁ%ﬁﬁglﬁ, %ﬁ%ﬁ&g% b' he of the
clainms 55 to 59 $@rt heke safiRohdudier pacﬂ@geleﬂf ddéild 46 rwiedreigt the GRétal MyenCt

with the at | east one
comprtises irst and second metal sublayers, the second metal sublayer overlying

and being thicker than the first metal sublayer.

51.  The semiconductor package of claim 49 or 50 wherein the source
and gate pads comprise a layer of solderable metal.

52.  The semiconductor package of claim 51 wherein the solderable
metal comprises a metal from the group consisting of gold, nickel, copper and
silver.

53. A semiconductor package comprising:

a semiconductor die;

a first substrate attached to a front side of the die, an opening
being formed in the substrate at a location of a connection pad;

a second substrate attached to a back side of the die; and

at least one metal layer in contact with a location on the front side
of the die and extending along an edge of the die to said second substrate
and forming an electrical contact with a terminal on a back side of the die.

54.  The semiconductor package of claim 53 wherein the die is 1-2 mils
thick.

55. A semiconductor package comprising:



connection pad. 61. The sem conductor package of any one o he } 55
to 60 further conprising a conductive polyner ball in el eé:q u%‘éﬁ?bg%ﬂfact
with the at |east one connection pad. 62. A process of form ng an

el ectrical connection between a |ocati 03 on a front side of a

semi conductor die and a device termnal 28t a back side of the die
conprising depositing at | east one netal |ayer extending fromthe |ocation
on the front die of the.di,e _and around.an edge.of, the die, the. at |east
one netal |ayer 26 Aughst® éﬁﬁﬁ"gzﬁah%{]ﬁf‘%ga ‘? ¢ Pask Sé.&b&nﬁl EHREEsIEgR 2

el ectrical path bemesiiuche deoiva] therleditelhiwidy fkast $nder@finilng tHé &oand t he
device term nal at  the s?tg(:k side of the die, further conprising attaching

a conductive substifgend _GT%éSB%@@Fﬂ@aW thadagk @dei he at | east one nmetal
| ayer being in contactswidd oh@%oﬁ&b‘%ﬁbﬁ%‘a&-at the bt sREALEheWdRE W
PACKAGE FOR SEM CONDUCTOR DEVI CE AND PROCESS OF FABRI CATING T A
ABSTRACT Thi s senioditaséddthahe stilepsicmerteminabackage is rel ativel y i nexpensive

to produce and has a j S tihally. the. s size t he
die. A conductive subsz{ ?]g[%sg{alwggté% ggﬁgdth??%tggesll%ag ﬂ%ei glee’ gﬁgglﬁ/vg?%?ﬁ%nd is
in electrical coubsttite iiaving edgasnihagkreo sutiskentiabig kcopilabar ahd embdbtadiiglly n t he
waf er. A nonconductive. overcoat is fornmed.and patterned on the front side
of the wafer, |em“d‘%° *_B'rtf’ﬁﬁ%hBPtsarf‘ﬁéar%éé‘f‘is\Pﬂg%&‘el ayer and the _
connection pads for thewdipaeoepasaliayenekkeddingFom GABBA Srer RBGSrolel N
coated with a solderahle netal |ayer. The assenbly is then sawed in

> Y.
per pendi cul ar di régq prile diemgdt Hang dbe rdees wEshpadioead theesubsiate, g t he
saw cuts do not I S LD 2ahi i ns
intact at its bg%l%??iq} clllﬁgli r'Il'ltt?tgi(?[C)a grl Itbleérr%g%?séllpﬁngﬂe%glﬁt?%ﬁﬁﬂom tgér.lesregﬁen to
produce di e stri gsrmumakbof thasemmonduetdr dedoelwi ch-1i ke, in a stack, with one

side of the stri ex e ; t |l ayer i uttered or .evapor.ated on one
side of the stac%'t hgﬂiet g% {%Prrsf&cg(#rn%a 4 ?/8? ‘%ﬁ%‘ é\gaei}?f?lgrtﬁ%tsg%&ée %

performed orcomlectoteher side of the stack. The resulting netal |ayers are

deposited on fr On§7.5| dleheOfsertnE]c%n hgto?ngac )égtge? no cla%%g S%hgr 56 wherein the

wraparound metal layer is in contact with the edge and a portion of the backside
of the substrate.

58.  The semiconductor package of any one of the claims 55 to 57
wherein the wraparound metal layer comprises at least two sublayers.

59.  The semiconductor package of claim 55 wherein the substrate is
nonconductive, the substrate containing at least one via filled with a conductive
material.

60.  The semiconductor package of any one of the claims 55 to 59
further comprising a solder baill in electrical contact with the at least one
connection pad.

61.  The semiconductor package of any one of the claims 55 to 60
further comprising a conductive polymer ball in electrical contact with the at
least one connection pad.

62. A process of forming an electrical connection between a location
on a front side of a semiconductor die and a device terminal at a back side of the
die comprising depositing at least one metal layer extending from the location on

the front die of the die and around an edge of the die, the at least one metal layer



edges of the die to the edges and back side of the substra&g Th@zgﬁ%
not deposited on the surfaces of the overcoat. The strips ﬁ‘ ck are
then separated, and the saw cuts in the perpendicular direction are broken
to separate the individual dice. A thi CE nmetal layer is plated on the
sputtered or evaporated |layers to esta P2sh a good el ectrical connection
between the front side and the termnal on the back side of each die. The

resulting pa i ncl des tal. l.ayer i ch a aro t he edges
of the die tgo ?gn%ﬂﬁeag LRY llogaqf%@n;ﬁﬁ%{?ﬁldﬁﬁbg ﬂémﬁ‘lﬁ%ﬁf’?é’ﬁ E FWE £ ront
side of the side eihthet B2 aahducdevice IuBsinbARE thd mﬁcmﬁi@agﬁ thé digsafiMeral |y
the sane size as.the die.. In an alternati ve enhodi nent, a nonconduct i ve

substrat e | sCURRGUSIAR@UPrhing & eondyetivg sibstiatiotos thesback: wide od the die dhevat h

et al th mekRastRliRSheth PR £ cotfiidh villPmbSisiRR, on the back side of the
| I gu C.





