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AND PROCESS OF FABRI CATI NG THE SAME 5 10 BACKGROUND OF THE fter
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 wire bonds in_a plastic capsule, with the
| eadf rane | eft protrudi ﬁg{&r%MUMMMOMBW tion is often

done by injection-noldi ngFoﬁEmmNmmDEwwANﬁmmd to renpve 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 polar transistors, junction field effect transistors (JFETs), and

various types of integrated circuits (ICs) can also be fabricated in a
"vertical" BACKGRO D OF THE INVENTION

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



configuration. Accordingly, there is a need for a process his npl er
and Igss expensi ve than existing processes and which prodn@gg\“ﬁ“ﬁ@%g
that is essentially the sanme size as the die. There is a particular need
for such a process and package that can be used with sem conductor dice
having termnals on both their front and dack sides. SUMMARY OF THE
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fabricated in .acc a his i nvent i n pe of
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waf er i ncl udi n??@ &I igrality of dice; formng an overcoat on a surface on a
front side of » patterning the overcoat to expose a connection

pad on a front si deréorﬂiihgl)ditha'ﬂ ﬁtﬁa@bﬂ fgr tahprosedsetvhich ishﬁnﬁﬂtbséﬂcﬁll@s
separating the  waf.er .into. nulti p st B 9§h stri tainin
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| ocation on t hieadkrsides. si de of the die and a device ternminal on a back si de

of the die; disassenbling the stack into individual strips; and separating
a strip into SUMMARWMOFAHEINXENITONIg to anot her aspect of t he present

I nvention, there is.provide ess ,af fabrica e fo
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strips sandwich-like to form a stack, with an edge of each die in the stack being
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



3 between a location on the front side of the die and a ter?% al o;wg4back
side of the die; disassenbling the stack into individual s 2&@?“
separating a strip into individual dice. According to yet another aspect
of the present invention, there is provided a process of fabricating a
package for a sem conductor device conprising: providing a sem conductor
wafer including a plurality of dice; attaching the wafer to a substrate;

form ng an overcoat on a.surface.of the fer; patterning the overcpat to
expose connectf’ eﬁ‘bai“ HO%O?%#EO%SH% %}Qﬁ?ﬁlg%ﬁ@éﬁn@gﬂﬁﬁgﬂﬁl O%Fer
into multichigiestdisapembiiag thetstdck @aNiRiivideg @ripd; landl sdpdratihgdi ¢8ip 6 M ng
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around an edge I%ie to format |east a portion of an electrical path
between a | ocati on Ancadingesiet abther apetthe tik resdid irvetiton, eigeré &rprovided at a

back side of the die,.and separating.the wafer into.individual dice.
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resent inventjon, re rovi de a process abricating a ckage
1I‘D or a vertical %h&%\%ﬁo %@I@Eﬁeagt&rﬁﬂ“ﬁ% fEEn aﬁ?%?‘(ﬂaﬁbbqwgm @lfﬁﬁg‘&f’%g gr
i ncl udi ng a pl sidabf the di¢ and aclevizt ttaadihalgit a Bagk kidesifdhe dfe; thé syt fingtthe a
conducti ve subst{?at 6'1{?”'@%5@%'61 nonconducti ve overcoat on a front side of
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t he dice; patt‘gP Sat to expose source and gate pads on the
front side of the dAcejrdingpabat imge hipechail e prazbat iBvdrtion, theacit peoviddd a

com a0 8BRSl 05 ARSI S R SR LS L
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second netal | ﬁiélrﬁcr)n B¥Gh eie%g'icfai 1%&%1 bréggre%ln &Yotation on the front side of the die and
the device terminal at the back side of the die.
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



Accordi ng to anot her aspect of the present invention, there i.ded a
sem conduct or package conprising: a sem -conductor die; 8%??%&5?082
attached to a 26 August 2004 4 first side of the die; an overcoat overlying
a second side of the die, an opening in the overcoat exposing a portion of
t he second side of the die; and an eIectrﬁCaIIy conducti ve wrapar ound

| ayer adjacent to the exposed portion of the second side of the die and

ext endi ng al on e _substr te a rnln . least a
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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.



metal |ayer being in electrical contact with the second terggnal,ahople
sem conduct or device. 26 August 2004 4a According to still another aspect
of the present invention, there is provided a process of formng an

el ectrical connection between a | ocation on a front side of a

sem conductor die and a device term nal at a back side of the die
conprising depositing at |east one netal |ayer extending fromthe | ocation
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the front side of the die hereby enabling t ﬁtg nounted to a
PCB usi ng knowph fhei lﬁwlirﬁqu @%@ﬁrﬂl@;ub@assqmblme@mdm atstackipsappratio ¢e ar

saw cuts are nRdg;iRgal \ﬂﬁ@rintﬂlﬂ;'estg §8nd 1 %&"Qe%oﬁ&(hf'e@ﬂ'l%r RIEL i3 dr¥t AhBaPuUIN
t he substrate such_that the trat I NS
layer. The first and second metal layers are, in effect, sublayers of a single metal
“layer”.

The 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.



intact at its back side. The nmultiple-die strips may be forﬁggug%ﬁ?bggking
the wafer along a series of parallel cuts. After the first net ayer has
been deposited and the stack has been di sassenbl ed, the strips nay be
broken into individual dice along the Culys perpendlcular to those that may
have been broken to formthe strips. 26 August 2004 4b The substrate may be
a sheet of a conductive material such as copper or alum num and may be

attached to at | eas{pO9shshifehifbe AihRePGEX cSAHRHOL nlahGiafl s (ﬁ’l y I:cgmp@{( or

conductive cenent. The conductive substrate nmay serve as a
wel | as an el edlumyinn andmayche atmched toati loast pne tormiralionta back sn@cyofb@e dle

nonconduct i ve, i ileohdad cinf STIEordBehY FRArE rlescPPR £ B0 AL 11 | e
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nonconduct i ve Wﬁflab](ab’éqth@h@ﬁoﬂl@ﬂ@bgswﬂém%%MCﬁw letttédl al such as
- copper. Holes may bg oRgOEsdsN i %ysb'@%&}db?% fo i SHOR! R Sent 90rﬁi>ﬁgﬂ>§ew

connection pads_on the front sid sem con uctor 2%<age may
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the die to thecondugibie, materiabsuch gs reoppere dialen nsam hfg ogenes) &cthe cupporting
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includes a verdubsidte BRNKAE to a back side of the die; a nonconductive overcoat overlying a

front side of the die, an opening in the overcoat corresponding with a connection
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



MOSFET, and the supporting substrate conprises a sheet of c ggﬁ{. I&ﬁ
overcoat may be patterned so as to expose source and gate g &%t é
front side of the die. The copper substrate nmay be attached with a
conductive cenent to a drain termnal on . the back side of the die, and the
wr aparound | ayer extends around an edge of®the die to establish an

el ectrical connection between the front side of the die and the copper

substrate. The tj.on . the. wr apay ound | aver he .front side 26, August
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wr aparound | ayer e r.m nal th ck side of the die..

Semi conduct or %&?@Q‘S‘%@ga %%ng R’S‘e{l‘gq Pgh Bﬁ%éﬁ?ﬁﬁ&ﬁe goo ah%‘f" ?qggﬂfs?lec%aaepoxy
capsul e or bonHetwicerthe winparons layermmdehestshainabdrethe dutladteds the didhe di e serve
to protect the diegan as_heat sinks..for the die:. the packages can be
very s (eoge  SERRGLeRS eRRboro Rt e SBB TV o OF SR 55
provi de a ver yepamw apsule eshatlaries; fheront beneensubsinatecitachebivithedie serve to
particularly i r. i.s. ground thinner: .th are economcal to
produce, si ncef’lfoh%g tﬁ%%%iapg aﬁoaﬂg?agsm@?%%% qu’aﬁ‘ésP,ac i Ci“hglﬁ VERhSIBRll ysed
for a wide var (eg.y5@h tbesize ofmokied pacegedand shiahtheg cai prietde a MeBREF on-
JFETs, bi pol ar nsiLstors_and various .types. of Jin rated circuif. chips.
BRI £r DRsem) prICRERES Bl oadelef Havibe! BaicRlsvbolf R s S uhingfs Pood
by reference ttheyhee tainboigahdgo pordave, siisce(theyt reduamotmolds af ddad framesh iaadh
simlar conpon s.are simlarly..nunbered. FLG .I. illustrates a,t Vi ew
of a conventi oﬁ%% cggnqecgéﬁ u%) d ¥’\}\?daef g?ne%y ﬁglsﬁﬁlilcf’i’&d'é"tﬁrl A7 apss: SPe fasdﬁh(‘,’ggs’ FI G
2A i1 1 ustrat esMOSFEISs IKEL, bipoldr trahsistorsfand vadbertypdstefditegrated céresit bips.at e

in accordance with this invention. FIG 2B illustrates a single die of the
wafer after th S GRIAAKON € THEIPRAWRWISnd patterned. 26 August 2004

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.



5 Fig. 2Cillustrates the wafer after partial cuts have beegﬁrm%gst@ hepg the
secCt 1 onal

scribe lines separating the dice. Fig. 3 illustrates a cross- Vi ew
of strips of dice nmounted together to forma stack in accordance with this
invention. 5 Figs. 4A and 4B illustrate top and cross-sectional views,
respectively, of one of the dice in thesstack. Fig. 5 illustrates a

cross-sectional view of three of the dice in the stack, show ng how the
metal |ayers are ddfigst€ élnstates ths wefdsaftengartibentahaerhgen madedges theof t he

dice to establsbﬁbeﬁﬂeﬁegggﬁﬁ@gd%nnect|on with a termnal on the back side
of 10 the die. Fig. 6 1l ates a perspective view of the die after the

p! St' ng process hatsm bﬁﬂmsﬁﬂ%heioﬁﬂsecﬁbﬁ? viekPoPstep Jgfddt;é h&%hﬁt@(}i( fogk®Rr ﬁ)lndd

si de vi ews, ec et ed sem conductor package including
sol der balls fets8Em EQ‘Y@ Bqaﬁﬁ?““géﬂtgb‘ﬁ’ﬁ%‘é‘?f} ons. Fig. 7Cillustrates a
side view @f a pac 0 th one, shown |j , except
That the gl der el TBoriy B8 i edins g olithal vich; mépegfiely. o
Cross-secti Oneﬂne\ﬂféhfcdtbe arthaktaek.nat i ve enbodi nent wherein the supporting

substrate is nade of a nonconductive material and vias 20 filled with a
conductive mat eri al Figr &ilfustrates aicross-sectivntlstiew vé thrés of thedics liroths stuak,

alternative e t he
front side of %@%ﬁ%ﬁﬂ%&?ﬁ%{)ﬂs rr'?%%b&l Hoﬁlméﬁ]dfé%g gﬁap%g{elﬁ% B %& waf er

i s being grou dieg e estahlishan electricrhenspectiongvitptesmin on therbgs S‘éé@f i onal

vi ew of a 19emwedeict or package 25 fabricated by the process shown in Fig.
9A. DESCRI PTI ON OF THE | NVENTI ON The processing of a sem conduct or wafer

yi el ds a rectangul aFiga6ilhytrafesdipe@pectiMeiview 61 the @idaften tikd jglatidg probdss has
illustrates a lge%pic\émﬁ) té)c{ a wafer 100- and dice 102. The dice are
separated by a perpe cul ar network of scribe lines 104, where saw 30

cuts are typically ﬁ@g%w?ﬁq B8 35 ol S8 e, Mparchpyopigion i1l be

described with resp to a ac caf whi ch
typical ly has <uuplee éﬁ@l@a@@t@@aﬁka‘% iclyding selder bpbls feg making externa

15 connections.

Fig. 7C illustrates a side view of a package similar to the one shown in
Figs. 7A and 7B, except that the solder balls have been omitted.

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—scctlonal 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



26 August 2004 6 and a drain terminal on its back side. It spaul ﬂ9@04
under st ood, however, that the broad principles of this inventiOn can

used to fabricate a package for any type of sem conductor die which has
termnals both its front and back sides, including diodes, bipolar
transistors, junction field effect trangistors (JFETs), and various 5 types
of integrated circuits (1Cs). As used herein, the "front side" of a die

refers to thedsidiginoémiibal odiies baﬂk‘él?ﬂlectt ghb@idqicqmuéﬂsf%li l‘?cﬂ:\/év%??zha’%fiﬁé or a
maj ority of tblgg conn are gcat ers to g

opposi te side ol THe" eﬁoptﬁ\lsslgmr’é‘(?ﬁ&ﬁ’& B HSGH t f?hﬂ%%lgﬂﬁ%&ﬂé I APLYREL
| ayer that i seinimdaductondisadticiohastensinals ddtif iy frometend backndidess meheliig ons wi th

copper | adEYLfﬁﬁ‘%S oY Rafiieoi uhllich b B IS TRERS) w8 Fhriqu e on
this netaP | dyess of dutgerated Cli’éu%ﬁCﬁ) eﬁSU@d hetean, the “freritisidalilo€a dietrefeas ol der
metal such ashé §idé bear dlé%%ﬁﬁ@@&@%aﬂﬁ?&kgﬁ%’m?ﬁla t%[jf‘%h%here s a

nati ve oxi de Ig‘ger on the his native oxi first be
ooved.  TherfoRtetiondrab Lo f'ai bagksidesgefgr tg th siinesite sjdeg thealic. is 15

deposited on the exposed t al The r noval of the oxide yer and
deposi tion of 5%|Salg}cgg{¥1§ctﬂrec{1gpo% Wé@@%ﬂﬁﬁliﬂ’éﬂﬂ@?l 6% of a nunber

of known pr ocn@aaexmon pads umdatbpirakmgrintaiddl’mévﬂiﬁhé Wymrcxfeﬁlihl devigguit t er - et ched
to renovggth e I.num_oxi de hen d, silver or nickel
can be sguttgl; a'll& thiﬁwa lr[huWLfﬁ?taiAﬁhrr ﬁ@ﬁ“@ Icﬁppegﬁaé'etﬁ e alsR bRy pped
in a liquid aisetalt mpst emabodimentayf thiein¥ention, tes nated layenuketh & bomodifald e

netal can theg s 1gﬁzﬂ?§dﬁe‘?éjtobé’ T}o@c‘i&%étﬂl sacft anm/l&tdefiﬁ- 'i}%l r%&éo?ls Bla{bh'b@gl

El ectrol ess gqq?tln ncl.udes the use of pl ace
the oxide, f thererina nafive 9xide @verrﬁrtﬂbélmqt@ ti\uissrgﬁtlae@xxdt?éamrMe After

the | ayer of fisl @hefeamvednﬁhaiabaaeﬂasmn@lﬁp@@m%%1d fﬁﬁ:ke%xtsn%@ﬁes in the
process qf t ted in Fi

hj on_is ill tr
rect angul ar Zdae%gég %héh £xposgd i F%‘Pompéﬂl%ﬁ@dec'&ﬁ?rm Jrgiﬁosét‘%ﬁ%er of
di ce 206. Then mi@@rablslmiﬁalcfanbemmmﬂwhé@bymfmgoﬂﬂ&m&rﬁkﬂﬁhﬁ@ré&sm.

electrically mty}g@% Vgﬁlaﬁﬂﬁﬂ%%r%g Qg%lg&{e %?Lra et h aclﬂ@/er of a

conductive cement nat1(¥e of copper,
but it coul d #PE§UsRoKiEgdayst a@dnshemghbir, sx&mmmqkelecame@pumredap@uhe of

provi di ng 5UFﬁlﬁﬂiﬁmﬁﬁ\dA@t@PﬂaﬂQe@Sth@'ﬂleeéaﬁ%rdifﬁd m%qlqﬁfm%t@ﬁntft@é bl 1500

Cerment 204, coul e a a enment | ver conduc ve epoxy or
anot her %g)ndu??ilg‘?/ anﬁq *b‘gie &‘9@? ‘3§W?t§r t3aphembe genositedlpnelgeifoless or
electrolytic plating. Electroless 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



could al so be another sem conductor material such as silico 69ﬁ@§h%%09r
gallium arsenide. Typically, a netal |ayer (not shown) is on the
backsi de of wafer 200 35 before the cenent 204 is applied to provide good
adhesion to the cenment. For 26 August 2004 7 exanple, the netal |ayer can
i nclude a 500 A titanium subl ayer overlain by a 3,000 A nickel sublayer
and a 1 msilver sublayer. The titanium nickel and silver sublayers can

be deposi ted ehx léaﬂﬁrrﬁéthIQBy&rca& madd%ralm A WBhRlm &ﬁﬁayeflswﬁ%?bydé §90806
which in this | can ﬁ ower MXFETS, E g ri bed above
di ce 206 coul gﬁ#ﬁ@wwﬁf BRSHVAE }%FrarThettrt@zﬁgms% o angsid¥REs, JFETS,
| Cs or any ty;pblayérsmai be deglosived bypéaipatatien bf Sputtefih@w devi ce. The NDSFETS,
bi pol ar transistors, diodes or other devices are often forned in a

t wo- di mensi onal arWafer 260 embides fiicdi206 vafdh inAkis |cmbb§imsnabonwin(pew2f)6 are

connect ron pAdQSEETRO R HoRHBE Rk i 2R ORI Bl R A O, o
pads 208S andfaglé’ts@ffﬁ)dwe%d@@'fssﬂ%m anntypaef M¢rt1dalcne el desingfatvadvitee 206A.

There are typryzals | di ce
206. In thl)s/ enbdgg)fs rngr?t% Sip ‘g%g&%(sm&sn(g@%ﬂ%omaéf ggﬁ%%gdt%éé ?ﬁﬁgﬁ %:%%{hreal

region of di %2 K‘ensliﬁﬁalﬁﬂ'ﬁﬂ‘b‘?ﬁcbfo gdife 20po s istypicabicgi206 appwpamiedtbyi s not
occupi ed by meianﬁtﬁ&ﬁ$fs&1&qm§907.bm@ A0E 18 adrinetidrd goﬁ5 209

Typi cal | essi.ng of the r, enl re.etche
passi vat ?ign {}Q%Iéfro ES’ BN ?‘F?eexﬁﬁ‘lpgﬁg‘igy §‘EH5 Cg%@g%g%tﬁ(?@\% 40% |g 2B,
an over coat Xhowofinpot ¢f dicel@206 desigtaten] die 20645 There ard iypically drird pueds éxqosed
surface of S}t ' and
over cont 210 HE0mF R GRS DL B0 e AR Dadk SOBORM SRG 00
for exanpl e, %®lapgteddn a@améaltrmomﬂngoé& aprhd PROBEG ca“mhb fmttslwd@ef
passivation |26y thibR @%Q&ﬁ@@db@f‘ﬁaﬁé Q@SG‘A&&?Z@SSH%%&@:E&E&Q st?sya%ﬁ‘?@ercan be
f or med % ;ﬂ)%r roaﬁyses such"as screen printing nbodi neént ,
screen-pr f 1 ml thICk
pigwf @ the PpsesnePitths v Fr%’%‘PS%TFEE in e
Fig. 2B shovvspaasxvamkaﬂerdbexﬁ&@%@éiteén&m&gﬂﬁleo has been deposited 25
and patterned, |eaving pads 208S and 208G and portions of passivation |ayer

209 exposed. For chashawn irt Fig. 2B akovessab2 1 hofypotyiatids phistis oeglagger at ed in
Fig. 2B As ﬁ'&%@ in &@%ﬁ&%ﬁ%ﬁ&a&%ﬂﬁ&%ﬁfmﬂﬁs@w&% | RPoiRYSE: P 27 e

adj acent to t
techmques and overcoat 210 is then patterned using known photolithographic

20  techniques, for example, so as to leave the pads 208S and 208G and portions of
passivation layer 209 exposed. Alternatively, 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,



the die 206A. Overcoat 210 can also be forned of a conductiyg a fﬁgﬁ&@b@h such
as alum num or copper, but in that case a nonconductive adhesi | ayer
shoul d be 30 fornmed between the overcoat and the wafer to ensure that the
conductive overcoat does not becone shorted to the connection pads 208S
and 208G Next, if desired, wafer 200 can be screen-printed or |aser-marked

Wi t[\ Imar klt ngﬁulzx x@e‘hdtzeli]’-lgr dPdRbugh dtwixslrzotoﬁéda ovm%atzl@sanaf *TQ:V\Ehoh kitg. 2C, :
artial cuts ein e sandw of waf over coa
210 and subst?é?%atggagé?t S‘%&Fﬁﬁeﬁ&% gasfly pg b é‘ﬁ‘&ﬂﬂ%‘? lpcptinge Ofe%f%%&uéﬁl t he
wa]y t hr ough tbﬁ)@a@ﬂmmm&mgtngm&ﬁzbﬁt Ak bi@c}«mﬁ;)ﬁaﬁmﬂ cﬁﬂsallﬁélayidt hr ough
waf er 200 an 0 nou I nt o tr
substrate 20%@?“& %rqen gﬁﬁgo??g arle&aél[ea ﬂgﬁ ‘fa%t f) S%‘a e 212X
and 212Y i t higugs Q@ar’mg’-mg thmmddnldumlﬂ%ZO@\sPsﬂmal/\mts E&Xaad%lk’samlltﬂx and
212Y ' f th
are per pﬁ@%g&% cowerﬁi%ﬁa Rt ggeaﬁﬂp' H@%&%@h&%& 8@&@819%0 e

scribe 5 lines et ween e 1 ndrvi duél artla cuts 2X and
212Y can be ecuthgwr&h@mhﬁmranbmat@mmm@%ﬁohl@g techniquesiat i vel y, by

ot her net hods such ser, cuttin hot ol i t hogr aphi c, patter ni ng and
et chi ng techni ques@%@% g subsieate; ? eg bpgkendpie mpEghipsyms?1ént o

rr}JI Ej | chlg stralbﬁggé;ﬂialah@mgzl}g&{aﬁh ?f\tarﬁmhgo%ﬂ%,areac‘dfd@de 20061 quxﬁ;ﬂtﬁ@irdlﬂs a row
of dice a i ce separ a al ong
oartiar ol Sasegforttiocre it senaptetiaone 1ot Co BAEY R it Sht B BuRas
deeper than pat2Xain beitnad® didiewlha deepea thahartiah con @ 12 ¥niod exammple parobeal cuts
212X are 5 m aki chi ne
such as the Tgl%g g‘gi gpéfg&%fgﬁi%gg%ﬁe%g%g%%gus@a%&ﬁga %Hf k 200
into strips 2bwaking mgchinersuch oethy Tolze Weld TéMAswﬁmlancenh@usqﬂéaé»r%@&( this

tinme, and thegatyis2@lhto &fips 3pParated into individual dice at a later
stage in the process. Another possibility is that partial cuts 212Y are

made befor® cuts ZM%maawelygpérﬁaQ&@ana@meﬂﬂdahd thlstthﬂe \say tﬁ&ﬁtﬁpl:ghltt he
substrate 202 such t

t h tr 214
are assenbl ed? Eeasﬁaeﬁageﬁ IPHORE‘EIF@%IO&H?%@F% Etaﬁ“l 8?“2“1‘?% eré:ﬁ’s?l‘ t)PS
whi ch is a cr osthasprtidlents 2 \2iYeave tizdde hefatre ttkte212ﬁé,aandmmt@‘1125€l@mﬁm¢rtdenlbut s.

g 12;39;; fn or g}tﬁé;mg@% n%hd sub;s}{gte%z%% §aPaRe 8 %%&9 'E}E%k &@%Hﬁ{agwer

ansacavt

ts}]r I ps t214 in pl acﬁnﬁ‘é ilhl é&@%ss%ﬂ%?eﬁw&»bﬁhﬁiﬁe't@?or%@ésﬁ?ﬂ?@??% sN¥Woh & only
ree stri 8 S %‘ .3, w(iuch is a cross-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



shown in Fig. 3, as many as 50 or 100 or nore strips 214 or, nt ed
in the 25 stack. Fig. 3 also shows the overcoat 210 (exaggerQ?B§Q§263y

t hi ckness) which covers the surface of wafer 200 except where the pads
208S and 208G and the exposed portionsgof passivation |ayer 209 are

| ocat ed. Because of the geonetry and |ocations of the pads, only the

exposed porti_Qns. o assivati er...209 are osed strips 214
have been arf grﬁa%@st E:gse{% &P d%@ﬁ ‘?”e\l Syjgnt Wﬁﬁ"%‘ﬁ"%‘?@séw’q@! 214 are
assenbl ed |ntsurr0wgissth®ga¢em$20&@ds 208S and 208G are in effect sealed off
fromthe external environment. Fig. 4A shows a top view of die 206A in one

of strips 214, shdWipw2kde thepexppisddo eflepesitiorprersahy viode: fint metalhown ar e
the exposed ﬂﬁ&&?ﬁ'%s@ﬁtte@@%ﬁ'ﬁ‘(@é%\%& SoHEns?H Passiitdh 18y 209644 64 tRd] acent

an edge of die 20 a V|em1ta en at_cross-section. 4B-4B
in Fig. 4A $A&H vey TR ip thye agssagegtianal ZWO‘éFlguﬁf ?f!ﬁﬁﬁﬁaxeﬁa 130urce
pafl 2083 26% Bakins thh@ﬁbﬂ%ﬁtIe4 dfhiné di@\mﬁﬁ%g ef(ﬂéﬂd§hﬁ@1hdﬂ%e&’edg&'éfﬂ@td‘lﬁlsbt h\(/evh ]
gate pa ar e osj ti.on process by iC
a first net al(%%ga @Hﬁ?ﬁ%@eﬁp yteﬁtéglési‘b%%ﬂslﬁ ?ﬁdﬁ '%f‘?

passi vation ItmmenZtﬁefrand;mbmoﬁdleZ%ﬁdgeﬂxeﬁcﬁramttenrmaamffkhe ROSFEWEhownt he
Cross-sectio t r | si de
of the die 2 gklb\l) 1§§/Y18§t en dlﬁ?%ﬂ% od%%%tﬁ??%l?ﬂ%%k&f%&%ﬁ%uct ive
subst r at d0202he edge andybagk sidb bf s¢hstrgteéztﬁl2e|%mepcamale tyen2kt ¢aorbe ajaysaeén t he
front side ofpiglieg ogg%eﬁmbdﬂ%'gkaSﬁlﬁE%%% 19F1$h@A%ﬁ§Tpﬁm and

synbolically) wth | ce metal | ayer 215 contacts
both 10 the € FRdotBYy rndossd byoveigpailQaed spbacksidegithppdiacanb§lEp 215 can

be a | ayer of2140ukattabdocs APOEKI 200 PaldR0FS andi NBE. Aﬁerﬁhwmy lafothegs. 4A
and 4B, pads 2085 a %b 208G a e totalu¥ gn | osed ﬁ% oV. oat 210 and the
back side of Iffﬂ‘éeséa]‘ 3egrﬁvag?rf“ P © e o "sputter onto pads

208S and ;208G Alt ¥ b
Gsed +o g m et al T LeEs ndeARA nREERT: BY U BGAUBRA Bl k220 OO
of overcoat 2u® cmatte%m@lmb@ausm&le@trmaé%ww@tm bmsmmmf%@ depasibedr i ps 214

w il later bepggwarated as described below The stack 213 is then turned
over in the nagazine to expose the opposite edges of the dice 206, and the

same process is peThesBEd2 1 Visth@Afuehed ovefinl thE nladd#ihe to expose the opposite
edges of the dice 206, and the same process is performed to create a similar layer
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.



20 215 on the opposite sides of the dice 206. Follow ng the bhen of
netal | ayer 215Ppstack 213 is disassenbled into indiyidualzgggg%#%BQ4, and
the nultichip strips 214 are broken into individual dice 206 along the
cuts 212X. Again, a Tokyo Weld TWA-100 #6& |1 ceram c breaking machine can
be used to break the strips. Next, the individual dice 206 are 25 placed
In a barrel-plating machi ne such as one manufactured by HBS or Anerican
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d t adh : e .netal |aye can be a
one Tt by ok oy IO iE B prekthes 18 ol 8o FRATRE S8R Katin A Fhofidgiiceh ay o
216 thus cr eaig§vercoygsad dhetonneeiion padanect i on between the front side of

die 206A and the copper substrate 202 al ong opposite edges of the die. 26
August 2004 10 |f M%F@oﬁ@@l@ R%Slbbrtﬁﬁmlﬁﬁeaewnﬁmahlao@r bpterial, as

descri bed abodepositing@nelonvhig tHiefiAehRe! Vel BY %r dxin I&E@Iet?eﬁh ofPPlied to

arate the Qvercoat fr the waf er. Thi s ‘nonconducti ayer creates a
;:B bet ween t%gp%ﬁpl&o&oqg%{&q% Imenis faeteithan Hedecaliayess epgbe deposited| at ed
metal |ayer ftmml«crthacdmngctmrslbmw%xbt%\ﬁfb%ﬂsidéof ihgldﬁz\/ffd(tﬁ@aeﬁééjth ehﬁﬁlgl %%I et al
connecti : e I, may be possi 0.om e se
| ayer byq@dggtcﬂg P%‘%Hrﬁ:sééeg‘gﬁgg g%l‘ \S/vé’}]%/& A _%rlgn?ﬁeﬁger%%rf gppqsﬁcérthcb YRS SRR B anpl e,
sputtering orviewghpoeBedtas. sublayers firea simgleodiapetisd meti Slaydrdn t wo net al

| ayers nmay be deposited to make the connection between the front side of
the die and the deligc@shasysdinaP6nmaitenbeplrsingaetcess hits boén cdrepldied, withen t wo

or nore | ayerthe o8t dépordit QdéAQ)@ﬁ‘ig'&Mﬁé@e&@@u@ﬁra‘te}’i@"%ﬂmﬁm o?gﬁeerﬁ%%%is £t
subl ayers in ayeSé gg ;ﬂ@%pgﬁb%und ] rmtfgrleet %yer21i6 Fltg' & ts 'q(l)%\gfcgl g%@ after
the plating d?oée ! e e CFEREIRgaC Ay ¢ 210108 the Hpnt < ¢ 206A
bei ng codfectbedomes mueffett afrentXid: ‘bitaimpfads ?ihce_i gie_zﬁfBAaJ_ontaizxﬁét%k@i glg gg ?re §1I6n
The portion f:ne 0 | dige . / .
ef f e(F:)t a f rog{mg? gg&h%‘?éﬁﬁe %%%Wgﬂlg I%,ng e!]elcglcfg%?&‘? Cgﬂ?fgitﬁ%‘r ferRsRIETs,
substrate 202‘“@6‘!11‘3611%@011%1@ &etnrpaglawonbhbadectiically doheéatedioahedtatn i nal s,
and thus the wriindls 6f Bhe pwRE MOSETIOM SRR <8, §6di6 P66 L¥nGARAARILY to the
drain metal layers 215 and 216 would connect the front side of die 206A to whichever

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 layefs 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



termnals of the power MOSFETs. Alternatively, if die 206A '

di odes, netal layers 215 and 216 woul d connect the front s?gghg?ﬁgig% 206A
to whichever 20 term nals (anodes or cathodes) were | ocated on the back
side of the die 206A. Either pad 208G ﬁr 2085 coul d be used to connect to
the other termnal of the diodes. As dn alternative to assenbling die

trips 214 i : ' d i bed
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can be fo6rnedimffoeexdiisie tdrmbsdifisg pelgmee Batatt adhdsives) or ftebrvbplagtic di ce. 30
Usi ng a conventional process, solder bunps or balls 219 can then be fornmed
on the pads FPEYRd 208G and t he portions of the netal |ayer 216 on the

front side of die " ' ' N '
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of Fig. 7B. TmewnsHlipehiidettmiqeo Aleynativelyptiieisolier or polpuentampsondallsranner

by deposi ti ngndade distik@td Hasel HEpAasL 930 5hdih AELAPLRARTIRE, AECh as
screen-printing or solder 26 August 2004711 jetting (using, for éxanple,

equi pnentjavai | abl Risfeh@BF HaskchitRhe Wakkto éﬁrue@&freWQ&ﬂBw@tsu&éEakZ a 14_6|41bI
er aval |l abl e

Nauen, Ger nan or,by. using the fer,level salder. ball. nou
from Shi buya %dlt%l."?s ‘?Sgr.aFe %Vr@&a@mrﬁaﬁew%e waffn 2adxies 9phalghean b pan.

Conducti ve pdfoymed ihihepabsarate arbfilelwiah & eondictive materiabiongakfecelepieipl e

t hernosettin - e hesi-ves:. t her | [ . yners.
Package 220 ?%&?%%HW%%B%E & %It"[le %ﬁgﬁgao?r' E‘%ershﬂw _tar{)gg‘ﬁ%gt(:zgﬁﬁ” _}Bﬁ%eav\el | -
known "fli p- cinsondwativaisybsitater 326is atiadhed ity thetagk sidk dédie@54pdliga@did bunps or

balls 24% cagbg macgh%bh?atpafmuvastzhs aRAGHADGIR 3 oW hididrAe260 de Vi ew
of Fig. 7C. 1 I_nstege of ‘attachin f an electrically conductive

.ng the wafer to a
substrate, a UAbEdBAGHIGRY e ¥itha layerZ8id coadigtive capgifoQtherpisentieer . and
vias or hol espskagd® sirhili@dhd emboEmeninddstabe e it atdowrédat a6 onduct i ve

T eri al o rBke SLECt bRl AN A L0 096531 €heflind RRELE - PO
edges of die 254 and substrate 252 to make electrical contact with the conductive
20  material 260. Substrate 252 could be made of ceramic, aluminum oxide, glass, or
_ plastic. Conductive material 260 could be a metal. Conductive material 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



nonconductive substrate 252 is attached to the back side of >disggdg%oo¥i as
256 15 extend through substrate 252. Vias 256 are filled wth a conductive
material 260 that is in electrical contact with a |ayer 258 of conductive
cement. Qtherwise, the package is simjar to the enbodi ment described
above, with an overcoat 262 deposited on the front side of die 254 and

o make o) cars P bR, Mo BrRRR My shl pr i e e

to make el ec rl%t contact wth _the cong ) ] Strate
252 coul d be e&fthe grogasscdeseritediabawe t5apakied tglthe sandwiich sirugtire.c |
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nonconducti ve, subshr at e : shown.in Fig, us a,sandwich is
created, i ncﬁl&?ﬁr?gb‘t ﬁ%e Pﬁiﬁﬂ%‘%gﬁﬂ Fg\@%m@%‘ﬂ&w‘éwﬁr PRMRE-G FHHRE bet ween
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Thereafter, ' Ve | ! dwi
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bet ween ¥ f r 6P mayibggraupdde edhicknss of hd milpfekexampde s Abon plema®oeito peni ngs

306 have beegrihdibgPWafeP300cdn 1 thirRRd b§1APIHRAEERLE PRL2udDbIFARAY 5Me access
to connectlogébogcgév@ot shown) aHd adgtgrtlon of the passivati nijﬁgyer on
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gl ass or coppéd, cand overcaittrashbelaplicdad e 361 sitietdt viufed 300HefF0 Front side

nonconducti v ﬁg& nonconducti ve epoxy, for exanple, to prevent
shorting bet gu/e%n r%()zzig%ﬁ%cg?’?‘on pads. Openings 306 could be forned by 10

etching g5 by & el hakn AR W6 An R i) 3Pl Hodssdllds debifbea dBguoPent nos

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.



can be perfornmed in front side substrate 302 before substr%ﬁ 302 ié
attached to wafer 300. The back side of wafer 300 is grou Eﬁ,zo br
exanple, a grinding nmachine available from Strausbaugh after wafer 300 is
attached to front side substrate 302 but before wafer 300 is attached to
back side substrate 304. Wafer 15 300 mel} be ground to a thickness of 1-2
mls, for exanple. As an alternative to grinding, wafer 300 can be thinned
by | appi ng or gt{cBi ng. The use of front side substrate 302 may elini nate
the need for& rcoat on the front side of wafer 300, or an overcoat
may be applied topd@aifd:ont side of wafer 300 before front side substrate
302 is attached. 20 The sandwi ch structure shown in Fig. 9A is processed as
descri bed above 1in, f&r pexasspbf fatmiogting 2Cpackaganfrsa sewiqondeniore davice

sem conduct ogorﬁ@%@%e having a waparound netal |ayer which establishes an
el ectrical connection between the front side of the die and a device

term nal on their backpsvilkngd sdnieomivetor Avafardscdudiagaphoaitly ofdiee; of t he
resul ting package at section 9B-9B js sho in ngg% %E \fﬁ{f}ﬁhf% one or nore
metal |ayers 310 wr appi g FBUNERA Sy siriceang B Ade T s Watsh el ect ri cal
connection between thepdtfetiiihg He®reRioatlictexpBSfn abhedtidLpdd iah At 56 oback
side of die 300A_ While particular enbodi nents of this invention have been
described, these heMSdi ments are illustrative and not limiti ng. It will be
under stood by those 30 i i at many alternative enbodi nents
are possible within th%t%kl%lrdgggge gv?:fc?%g)e%g'{b{sﬁtg’ i nvention. 26 August 2004 13
CLAIMS W claim 1. Asgpexating shofwaferbinte aniltichip stk @geh Swip eord@ningomduct or
device conprising: F ding a sem conductor wafer including a plurality
of dice; form ngglgfla?%)géeﬁ;(g%%t on a surface on a front side of the wafer;
patterning the over coaisstrabkngheatripscandweichilike tpddmoa stacks @ith agiedge of t he
di ce; attaching the fer. to substrate: separating the wafer into

mul tichip strips, B Lthy f}a‘gbl?ﬁ‘%ﬁ?ﬁﬂ?@eda

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.



plurality of dice; assenbling the strips sandw ch-like to égrn1at2b8¥
with an edge of each die in the stack bei ng exposed; depo east a
first netal |ayer on one side of the stack, the first netal Iayer wr appi ng
around an edge of a die to forman electrical connection between a

| ocation on the front side of the die a4 a device terninal on a back side
of the die; disassenbling the stack into individual strips; and separating

a strip into individual dice. 2. The process of claim1l conprising
depositing at |ea%t a &%m&essr?éf«@!mﬁawelaﬁut&ﬁg@mgmséawwe of the stack,

t he seconpl net al l_;ayer THE @ oBst aB?“”éiaﬁ‘\{‘ oypo&hé@lned%%htﬂ{%ﬁr&%ﬁsrﬁggo form

an el ectrical connection between a second |ocation on t e of
the di e and plolithepraphicpatiendhg and efehingack side of the die. 3. The
process of claim]l or 2 wherein separating the wafer into strip

conprises: cuttin® thr ShigROCHE fglam 3 fythen comgrsiae geiting Shroggh fh?ew§f§bst rate

along a fi rs&ndsﬁ{r Lg%le?foi’tﬁdnebf b GbsRAE WeBPecdhNficd gﬁlgtfPSéCSngH] Bt o gﬁﬁes set of

partial cuts ate remaining Intact at a bacCk si of
substrat e; apetplardéaitarniy ﬂlbé‘irStLﬂEﬁTOf ptrallel ng tohierpar sécahd celt of pifialragsist

2004 14 4. {)1 rocess of i m3 wherein cutting conprises sawing. 5. The
process of cPEp Sﬁp%{}ﬁfé‘i‘?e‘ihﬁ QS Snpri ses  photol i t hographl c patterning

and etching. 6. The pr?ﬁ@%?oc%s 8{“@ At Wetstralgé}ﬂ@{ét E&%:ﬁx%% ichddf Ough

the wafer and through a ortlono the su I ce along a
second set oflick cmapnsqxémrdaimﬁﬂmlsﬁrp alongtimsiacomitsesefpayﬁalmmsal lel lines to

forma second set of tial cut .before separ fer. to strips.
7. The process of clal %PW‘fEsfseqffFlasl %Wé’ﬁ%ﬁ'ﬁgﬁs E‘g& Fﬂdf?\}? BT dice
conpri ses brgakimOsdebfd §dt of BadlaPlfs.t he second set of partlal cuts. 8. The
process of claim6 wherein the first set of partial cuts is deeper

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

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.



than the second set of partial cuts. 9. The process of any e of
precedi ng clainms wherein depositing at |least a first net a?glagggﬁ'tz@@ﬁpri ses

sputtering. 10. The process of any one of the preceding clains wherein
depositing at least a first netal |ayer _conprises evaporation. 11. The
process of any one of the preceding clai fs wher ei n depositing the first
netal |ayer conprises depositing a first nmetal sublayer and depositing

second netal sublayer gver the first mnet subl ayer. 1 The progcess of

ol atm 11 wher oi b BoposTBE M PR LS HE GHabs PLavn gyl hssh hBGSbgTase | ng.
13. The procgsge@ficARYndiReEndictilBe preceding clainms wherein the connection
pad |l ocated in an interior region of the front side of the die, and

wher ei n assenbl i nt8.t heTke prosssst af ¢laimml @ fatthekcaapnning &snerglai vig enfifely he

connecti on d. 14. The proce of any. ong of fhe. preceding. clains
Commr et oo Paie RSHRESRE iR B Yedtth A slootisA S Con g SRR nect | on
pad. 15. The procpss ofhépibceitofnyldiR dq’rtﬁergfiéce&inglc@aiﬂﬁ WARGS dinpring

substrate is electrically conductive. 16. e process of claim 15 wherein
at t achi ng t hdepraitiog at deast eneblsyeratfa soddarphle vmstalaor the Hirstoconhectival gad. t 0 t he

substrate with an,electyically canductiye enment. .26 August 2004 15 17.
The process of an%/&oneﬁéﬁ‘ P{?fég%Pgicﬂ?ﬂnhwofuitﬁemawﬁﬁmﬁh@%wm Fﬁt‘@“g?s

el ectri cal | ylapans@pduichb¥ing # laJ&e o@fstle tletqll 2l m 17 further conprising
formng a via entirely through the substrate and filling the via with an

el ectrically conddoti vEhgraregdsalof anp onthef phoqeessdufg atammenwhetfeirt ke
preceding clains furth conprisin i.t.ing at | east one | ayer of a

sol der abl e n%eflgfo% CE%?GHCFE’B“EPB‘E?%%W%'Q@ 20. The process of claim 19
further conprising,renpd ModRs Of Bey dndY6f thefREQAdRP ikl NghtRe lRyer of
sol derable nmetal. 21. The process of any one of the preceding clains

wher ei n t he sesuperdnsthsdevice geniptisecodiodeses a MOSFET.

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;



22. The process of any one of the preceding clains wherei nzégfv 0

sem conduct or device conprises a diode. 23. The process of gBSflig 8?‘ t he
precedi ng clains wherein the sem conductor device conprises a JFET. 24.
The process of any one of the preceding clainms wherein the sem conductor
device conprises a bipolar transistor. 2% The process of any one of the
precedi ng clainms wherein the sem conductor device conprises an IC. 26. A
process of fabricating a I%agka e for a seHi conduct or dcgvi C conpri si_ng:
provi di ng a seni conductSPRERS MG SEIPSIPAL S [0 (H piSjRess Withcane edgs 8Ehing a
front side of thegafBEbLia %\ﬁgésreﬁt substrate; processing the back side of
the wafer so as to thin thg fer! creating openings in the first
substrate to expose codepesitingratjeats a font mefal dagter Dindmeodidé bé tieh steck, ahé achi ng

a back side of th fer, to a second substrate to. fQrma_. sandw ch,
cont ai ning the mﬁ’?ﬁ%ﬂe}%ﬁs@@p@&%@maﬁé‘? gett a e Wefosmgan siestical es;

separating the sanfeclor Bitvesh fal 1B8atidRRS ! frbi sﬁ@@%ﬁiﬁ@ 86 23d PleHhflal Yy Of
di ce; 26 August 2004 16 assenbling the strips together to forma stack,

wi th one edge of omabhckiside bé€thegliexposed; depositing at least a first metal
| ayer on one side of the sta he irst. metal | ayer appi ng around an
edge of a die to form ﬁasé?ré’fgﬁ?%%Sta%dm‘?e"?g‘favd&“a&ét e?ﬂlvgol | ocation on the
front side of the di e @pgra@ink@rMiPlto ifAvRIuRPgike Si de of the die;

di sassenbling the stack into individual strips; and separating a strip

into individual dd%te. Pk pivespebelesn 26 whemimpReesiieg dienbgukosids off e t he
back side of_the waf.er conprises grinding. 28. The process of claim26 or

27 wherein p‘?’%géggrinﬁﬂs?sr%l si de of

28.  The process of claim 26 or 27 wherein processing the back side of
the wafer comprises lapping.
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.



the wafer conprises |lapping. 29. The process of any one of %2{3 CltaWJi 05 26 to
28 wherein processing the back side of the wafer conpri se.zt 8 30. A
process of fabricating a package for a sem conductor device conprising:
provi ding a sem conduct or wafer includi ng] a plurality of dice; attaching
the wafer to a substrate; form ng an ovér’coat on a surface of the waf er;
patterning the overcoat to expose connectl on pads on a front side of the

di ce; separati ng into L each strip cont a| ning a
plurality of di ce %ﬁd)rggp%pgtcupfaf 3Prc d’&]&ftrFl\?e&ﬁr Apapasennd fayeer | the
wr apar ound Iaylﬁ{mggsa&qgh@g around an edge of the die to format |east a

portion of an electrical path between a |ocation on a front side of the die
and a device terndhal Atpmctsack formingoin tleetritiak poaredtioe patvadenrg ldcadomaf er

i nto individual The prpcess,.of ¢lai m30 wherein the apar ound
| ayer conpri S8 fgon? le?dff@tﬁ%c‘gtﬂouﬁ?érdle Q‘B‘f ﬂﬁﬁ‘ﬁ@? terpinal gy admek )r% c%r theess of
claim 30 or &l aairRidy aépeswngwe@n@né RYE 1ayeP metreh&lﬁg %M@toca% oft®

process of forning an electrical connection between a”location a front
si de of a sethedorrduice Qf thgidic andlamuddwnedge of thendik, ﬂnbaaldmatdmesméml dﬂyet- he

di e conpri si depo ng._ at. Ie st ta er e ndi.n mthe

| ocation on P‘?Wé é)F%ir? toqg% DO} &1 ff %‘3’&?‘% }bhﬁ gh t ‘?:Ig@aﬁf’ toﬁet ?ilﬁé’mthe at
| east one negiak of gieadie aﬁ@tﬁsd&&ttehﬁﬁﬁtaﬁhaeééu Q@e etth%fth@' ectrical path
bet ween the | ocation on the front de of the die and the device term nal

at the back side & th&helimocss. Oﬂ'htéalpr oFe swmyfrisigaiattagiling oapcosiuetive
one ot al’ | BRI Ry BITGaE e ierMEIAL 1S aET RECH 167 DR B stebr
fabricating @ithagkagetuher a vertical power MOSFET
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;



conprising: providing a sem conductor wafer including a pl ?é?&l % @b di ce
attaching a back side of the wafer to a conductive substra r2 ?ﬁ
nonconductive overcoat on a front side of the dice; patterning the
overcoat to expose source and gate pads gn the front side of the dice;
separating the wafer into strips, each sk ip containing a plurality of
dice; assenbling the strips sandwi ch-like to forma stack, with an edge of
each die in the stack bein ?x sed; deposit]j ﬁ fjrst met al | ayer on one
side of the stack, theaPPI?SgEaC?%éatgPdFoa?gFSt\ﬁ ithgd% ound an edge of each

die to forman electri &@bve&@ﬂ”@&&ﬂ%?%&ﬁﬁ”g@e 8@@@ lifen {?%},’Eﬁ%ﬁ ihQpL side

of the die and a drain term nal MOSFE |sasse e stack
i nto individual sbvérpsgt eapdsmphepbrtngl dthesmn@dmﬁieﬁifthaﬁm' amd/er the first

netal layer. 36. A sem c9 nduct ack a e corrprl Si gg conduc or di e;
26 August 2004 18 a ot siarEcally o SRapRIGANg - byt ad) Jpgeng o t

overcoat overlyi ngx;%s&&ﬁ&ﬁﬁm%f@ﬁe Qécohﬁ%léé'cﬁfthélﬁleoa‘?ﬁm 'i?&d'u{eg £}Bﬁ% aH‘éﬁ%oat

exposing a portion o e second side of the die; an ectrica
conductive w apar ofiths dlayerth@dyﬂaid:mtﬁt and farheng ak inasleml ppdidn ohamklectricabecond

side of the die an end| al on he die to the substrate
alnd forming at | el %‘E)‘?ntﬁ’grﬁ%?mgﬂ%glozég? |dbeaFn ﬁéj(eﬁwﬁém%’é‘ﬂle? Stond

side of the die agideartrvdiee termnal on a first side of the die. 37. The
sem conduct or package of claim 36 wherein the substrate is electrically
conductive. 38. Thé seﬁh@:éemtp@nductpapkd@seaf odaimi 7 Ihepein3fie wbsteite is he
el ectricallygy around | ayer conprises a netal. 39. The
sem conduct or%%glg Iﬁ%u\e@leg im38 wherein the electrically

The semiconductor package of claim 36 or 37 wherein the

electrically conductive wraparound layer comprises a metal.

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.



conductive wraparound | ayer conprises first and second net ubu?éﬁ%s he
second netal sublayer overlying and being thicker than the

subl ayer. 40. The sem conductor package of any one of the clains 36 to 39
wherein the electrically conductive mmapground | ayer conprises a conductive
pol ymer. 41. The sem conductor package d any one of the clainms 36 to 40
conprising a connection pad on the second side of the die, the connection

pad being electr i nsul fromthe electrically c u

wr apar ound | ayer . Mg}h%"sﬁ %@8@5@3@?@? ‘%&8%8&8 Ogithec?lﬁ%?ﬁ %g\‘%‘% f’%@’?em
conpri sing aﬂﬁ,qhae@mpﬁgdslammel ectrical contact with the connection pad.
43. The sem conduct or, package of claim41l further conpri si n? conductive
pol yner ball in efeckha eaNcRNEE Pagkags of 4By 68A REERS Galnpadl tmd7 wheeein

sem conduct ofcRAE K&HEris iy one of the claims 36 to 43 wherein the die
conprises a vertical power MOSFET. 4445. The sem conductor package of any
one of the clai ns486 tApmkagni'ferelvnrttdabpdwaM@ﬁﬂEEmmsingde 46. The

sem conduct or package of an t he. cl ai ns wher the die
conprises a bipol ar tr%ﬁ?fné%ﬂ‘l? 1gugugtso§%@n%§a&e7pad%@1% °8F?F}cﬂi’c% or

package of any ongoffsill&ef tcPiifBnd% &:Qirf RSN %'eﬂlfg foRscdl '0‘1"“1 £ R4 él&@%f a

JFET. 48. The sem conduct or package of any one of the clains 36 to
wherein the die thedie;i ses a | C. 49. A package for a vertl cal power I\/DSFET
conprising: a sem conducto ur,c ate ei ng | pcated on
a front side of the d?@o’é%%é{eépﬁétﬁt? éﬁ?ﬁ}ﬁ Itogg???ﬁdf t cf ﬁh‘ga’b‘gélk si de
of the die; a coa@gg{q;w&ll%b%ﬂhqhgdgglﬁ@é‘rﬁﬁgdlt gnd he back side of the die
and in electrical contact wth the drain termnal; and a netal |ayer

overlying the front si @Ienftial layer diverlyng tbgtfeordi side oéltbﬂghamnddg@emhng he die
2Pgi m“ﬁbnahgfg.t ﬁcélﬂé\ng tﬁ&c € ?f;\yg?tler a?r%fmal%%g c-gplt%c w%%ﬁ)ggu CEra e. package of

50. The semiconductor package of claim 49 wherein the metal layer
comprises first 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:



conprises first and second netal sublayers, the second net subl
ongrJI ying and being thicker than the first nmetal subl ayer%%fgusfgé&{

sem conduct or package of claim49 or 50 wherein the source and gate pads
conprise a |layer of solderable netal. Sé. The sem conduct or package of
claim51 wherein the sol derable netal 8rrprises a netal fromthe group
consi sting of gold, nickel, copper and silver. 53. A sem conductor package

conprising: a sem condugtqr. die; first substrate attached to.a front
side of the die, an opaerflﬁpﬁg‘avﬂﬁ ﬁgﬁf’f}#ﬁb‘i’f ARd 1 hda lgbsé‘{l? &8 SRMBIBEAR i on of
a connection pad;seis@tiuothr debive] tletledidedriath itdeast Das kersiida Afthé hondi e;
and at | east oneXStrlrgt al yer in contact w a location on the front side

I th 1
of the die and e %ﬂ?%@alﬁ?séﬁ@e%ﬂi‘det_ﬂﬁémﬁ attth@.baq:l@sqig sai d second substrate
and forning an el ectrigabas @Rt 86hndtibl pad bEFHE AGhe Sk 8f BRGe Q@gefcﬂ gem_ e

die. 54. The sem conductor package of "claim 53 wherein the die iIs
thick. 55. A semni otrshetibrthpatleagfoonedammingl;ng: 26 August 2004 20 a die

having a front side a ' i Sin em conduct or. devi ce,
t he devi ce having at r%glgﬁ&%ﬁ%aﬁée&%dﬁgﬁhgw %esﬂer g]rol?he slledetﬁ% & ﬁglt%%st a
second term nal adubsthae davings ediggs thht heastbstatiatip noopbdniad anf adibetantisiey f r ont

side of the die in electrical ontact. wth the at |east one termnal; a
substrate attache‘%?r?%l%f%arbt%w @'paéa%#ba\ﬁlf idgs %ﬂ?%@edi e and the substrate
havi ng edges that are swbgladsindahbtal taet aia@hdiaﬁeﬁcﬁﬁta%aﬁﬁdrﬁéde&‘ the front
perpendi cular to the front and back sides of the die; a waparound netal

| ayer extending f3iésmod thedie i%od doas thpecdgpnef theidie asfl theesubswatendhel ong
the edges of the \Wharifal BRAURSH! et ifl CclclBRALOMAN WRHA!md el N

in electrical contact wth the s ermnal o e sem conduct or _
devi ce. 56. The semigehefiibt sempwoldacter dévict.ai m 55 wherein the substrate is

56.  The semiconductor package of claim 55 wherein the substrate is
conductive.

57.  The semiconductor package of claim 55 or 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



conductive. 57. The sem conductor package of claim55 or 52 \lxner eti&po%he
wr aparound netal layer is in contact with the edge and a p ? USH® he

backsi de of the substrate. 58. The sem conduct or package of any one of the
claims 55 to 57 wherein the waparound Bret al layer conprises at |east two
subl ayers. 59. The sem conduct or packag@ df claim55 wherein the substrate
is nonconductive, the substrate containing at least one via filled with a

conductive ri 0. The sem cqnduct.or ckage ,of L any one of the

cl ai ms 55 to%‘?ﬂé %{ {eﬁgtra RYHSP@ iailf‘géigg%?ld@ﬂ?gswegpﬁﬁ%ﬂ%@fl?? R tﬁ‘&@f‘i’[‘%ct
with the at Sidasdf trediccanheied idevicpadmi®al af Hige Haok GRIJUERE Backagrer of any
one of the clains .55 to 60 further conprising a conductive polynmer ball in

el ectrical cEHRBRYNGAHRCHIAG apondugtive sphitrate ihther bark pdel of dbe di¢, fhe@éss of
formng an eleastdeGabiaCRYEEShOh QRENE StHAhkQ B0 on a front side of a
sem conductor die and a device termnal at a back side of the die
conprising depositing at | east one netal |ayer extending fromthe |ocation
on the front die of the die and around an edge of the die, the at |east
one netal |ayer 26 August 2004 20a forming at |east a portion of an

el ectrical path between the location on the front side of the die and the
device termnal at the back side of the die, further conprising attaching
a conductive substrate to the back side of the die, the at |east one netal
| ayer being in contact with the substrate. CHI P SCALE SURFACE MOUNT
PACKAGE FOR SEM CONDUCTOR DEVI CE AND PROCESS OF FABRI CATI NG THE SAME
ABSTRACT Thi s sem conductor surface nount package is relatively inexpensive
to



produce and has a footprint that is essentially the same si %@A@%uéthﬁoﬂl e. A
conductive substrate is attached to the back side of a wafer s in
electrical contact with a termnal on the back side of each die in the

waf er. A nonconductive overcoat is forpged and patterned on the front side
of the wafer, leaving a portion of the passivation |ayer and the

connection pads for the di e C ection pads being
coated with a soIderableqﬁiﬁ%§éﬁg§§§UR$ﬁéﬂg8&3h§ﬁ&ngﬁﬂﬂgh sawed in

per pendi cul ar directions aFORSEMICONDRECTOREBENVECEANDt he di ce, but the
saw cuts do not extend al I At whi ch remai ns
Intact at its back side. b?ﬁgéggsgpfgpﬂggﬁgkfﬁﬂéﬁgigﬁgggpion are broken to
produce die strips which are nounted, sandw ch-like, in a stack, with one
side of the strips exposed. A netal |ayer is sputtered or evaporated on one
side of t stack; the stack is turned over and a simlar process is
performed on the other side of the stack. The resulting netal |ayers are
deposited on front side of the die and extend along the edges of the die
to the edges ABETRAKTsi de of the substrate. The netal is not deposited on

the surfaces of the overcoat. The strips in the stack are then separated,
and the saw cuts iﬁlﬁmmecrmlﬁad'r surfaze m‘limpidkage Birélativedy BRRxpensbenar at e the

i ndi vi dual . d on the sputt.ered or
evapor at ed_| a%gor supb%lgd g%t%lto ﬁfgfsoe&se@l%3@¥ e@&f“eégﬁﬁ‘@@ﬁ%ﬁ‘ etween the
front si d&d angondustive pestrate lﬁ)nttaCh tchthe lbagli side of 2 wafehant! &.in Eleetricek ul t i ng

package thus iBgta&deSh ﬂtél‘ﬁﬁﬁ’sll oh@%%ac%idybf e\é‘&ﬂﬂ 1ﬂh@%elt %nﬁ%ﬁau&gvet he

die to forman el ect.ri.cal nection tween ocation on t ront side

of the die andveieads fmediap Pgtmjg%%re the frors S&ﬁ‘&@ﬁﬁ\jé”quf, lesxingpaatioy of he
same size as tﬂttepﬁsﬁaudarnlam el ttig étﬂﬁb&t%rﬁﬁﬁd@%ﬁﬁ@&we Bxpuaeg QRch 6f ihe

et o e BB ki Sal I SO Bl R e TG Bt 01 e
die. Figui 2&wed m perpendwula: directions along the scribe lines between the dice, but the
saw cuts do not extend all the way through the substrate, which remains intact at its
back side. The parallel cuts in one direction are broken to produce die strips which
are mounted, sandwich-like, in a stack, with one side of the strips exposed. A
meftal layer is sputtered or evaporated on one side of the stack; the stack is turned
20 overanda similar process is performed on the other side of the stack. The
resulting metal layers are deposited on front side of the die and extend along the
edges of the die to the edges and back side of the substrate. The metal is not
deposited on the surfaces of the overcoat. The strips in the stack are then
separated, and the saw cuts in the perpendicular direction are broken to separate the
25  individual dice. A thick metal layer is plated on the sputtered or evaporated layers
to establish a good electrical connection between the front side and the terminal on
the back side of each die. The resulting package thus includes a metal layer which
wraps around the edges of the die to form an electrical connection between a
location on the front side of the die and the conductive substrate. The package is
30  essentially the same size as the die. In an alternative embodiment, a nonconductive
substrate is used and vias are formed in the substrate and filled with metal to make
electrical contact with the terminal on the back side of the die.

Figure 2C.



