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1] This application claims priority to U.S. Provisional Patent Application No.
60/739,724 filed on November 22, 2005 and entitled “Over-Voltage Protection for

Semiconductor Devices Using Voltage Switchable Dielectric Material as an

Encapsulant or Underfill” incorporated herein by reference.

BACKGROUND OF THE INVENTION

Field of the Invention

12] The present invention relates generally to the field of electronic devices and

more particularly to over-voltage protection.

Description of the Prior Art

i3] Semiconductor devices comprising a semiconductor die or chip are easily
affected or destroyed by over-voltage events. Examples of over-voltage events
include electrostatic discharge (ESD), line transients, and lghtening strikes.
Elecirostatic discharge commonly oceurs when a person carrying a static charge
touches a semiconductor device. Line transients include power surges on AC power
Iines, and can also be caused by events such as closing a switeh or starting a motor.
[4] Voltage switchable maierials, also known as nonlinear resistance materials,
are materials that normally behave as dielectric materials, but upon application of a
sufficient voltage, known as a switch voltage, will rapidly become electricalty

conductive, The ability of voltage switchable materials to switch between non-



nore particularly to over-voltage protection. Description of the
Prior Art f31Sem conductor devices conprising a sem conductor die or
chip are easily affected or destroyed by over-voltage events.

Exanpl es of over-voltage events include electrostatic discharge
(ESD), line transients, and |lightening strikes. Electrostatic

di schar ge é8vtsHYsandcendustivhencumpes Sepe malersls well suited forioverevdiage
touches a sem conductor device. Line transients include power surges
on AC powemrdtiaties applivetioan al so be caused by events such as closing a
switch or starting a notor. [4] Voltage switchable materials, also
known as ndfil i nésfhe pdgi st, anlteee vattdrblabsicrialsdanabeen neddSot hat-voloeal |y
behave as dielectric materials, but upon application of a sufficient
vol t age, kmposertias iren suhliet bf didkicagesyswi'bl exampledinyBehkeosral.gUgctrical |y
conductive. The ability of voltage svvitchable materials to switch
bet ween nom;570065)0uedrbae@s andehadddicty CordicAb@SoRke Srdune 5&-s aRtmIHal s
well suited for over-voltage protection applications. [51In the prior

art, vol t agethsiWoliehaniehiBd RkieAhls AL (DSER38IeM 1f8hesON el iRkl a0
circuit chip with a plurality of conductive pads disposed around the periphery of a
ground plane with a precision gép therebetween, and a protection device comprising a
voltage switchable material placed over the integrated circuit -chip. Shrier et al. (US
6,542,065) teaches a variable voltage protection component comprising a reinforcing
layer embedded with a voltage switchable material. In the prior art, therefore,
achieving over-voltage protection through the use of voltage switchable materials
requires redesigning semiconductor devices-to include additional features, e.g.,
microgaps in Behling et al., a protection device in Intrater, and a reinforcing layer in

Shrier et al.



protection in a nunber of different ways. For exanple, in Behling et
al. (US 6,570,765), mcrogaps are defined between contact portions
and ground bars are filled with a voltage switchable material.
Intrater (US 6,433,394) teaches an integrated circuit chip with a
plurality of conductive pads diSp%ﬁﬁF around the periphery of a
ground plane wth a precision gap VY ween, and a protection
devi ce con'E)ri sing a voltage switchable material placed over the

i nt egr at ed % r cO EXCRIYY sapppnsducis; deylice of (5 PeessUAnTBEYN carertiiens: a

vari abl e vgl tage protection conponent conprising a reinforcing |ayer
enmbedded mﬁFH”gmﬁﬂﬁﬁﬁﬁén@@ﬁ@%ﬁ@ﬁb@ﬂﬁﬁﬁefh@ﬁ@hﬁﬁcBﬁmﬁgﬁhwhﬁaxDnone
therefore, achieving over-voltage protection through the use of

vol t age swhrEhaBlewonadirioatine peduidraagumbites cgniuntvesawic Ghduct or
devices to include additional features, e.g., mcrogaps in Behling et
al ., a prosegtidnctoedié batthched fit thatliebondinglpal wigh nfientiohgdhajer in
Shier et al. SUWMMARY [61An exenpl ary sem conductor device of the
present i nvamprisorg adostpoltsesswitchableehgetiali Thedibatifdatadhand alo contacts a
sem conductor die. The dielectric substrate includes, on one surface
t her eof , acwhidectbendiens tpaghialy of cpldut@leitiayes0fin 6RRAWChLIME thd aces. The
sem conductor die is attached to the die bonding pad with a die

attach adhesiu@ive aa®y, insson@ idstdniess the VR diageadwii Challievepheteale The
die attach adhesive also contacts a conductive trace of the plurality

of ' conduckdindtgtpa@CRSthek Ms@LER! the SorfiBBRGacd B8 kRBEMeLl g trace, in
sone instances, the die attach adhesive extends beyond the die

bondi ng_paghnidddd¥idtake ARShSNE BSadidd}RdC BIAMGL Mboli tends between
t he sem conduct or di ee and the di él ondlﬂgg1 palde. Ionh?e&?sf er

enbodi ment gmitdAuG ik FHeD s &%ﬁg@?ﬂ%ﬂ%@%ﬁgﬁg \%?ﬁcgﬂc? afzyl ant

conprising .a second voltage swt e mat canche the sane

as the fi r ShieckQid ﬁgt@neﬁ\%h%&ﬁg&g lbg ﬂ%%%}%é Es%e {ills(g kg%agﬁg%{%@rgg e)gaﬁljéﬁrey

sem conduct or devi ce of resent T nven ctric

substrate, UR S%{%ogr}%pgx%%%)farr ge!nﬁConﬁlQ%%lg&gll&?g" i fglplrelael%is? V%{}%%lgii%ﬁl@ﬁﬁ?éa

di el ectric subs e’in u%es, 0

i ncl udi ng nd d,for ground. The sem conductor die is flip-chip
bonded to fﬁ“ﬁlg‘%d‘f %lggt&ﬁ%ﬁﬁﬁfgﬁa%‘n‘ﬁi?r ‘epﬁf"arﬂﬁlufl%}'gway?blﬂ’@rdl%%?il?cs. The
underfill léls er ,ccin%rises a first ,vgltage switchable material and is
di sposed B DEIRES: RPN SHECRd: PaBondig nef dnclibngpbradppdfor gioand The
underfill iayer, al so contacts a solder ball of the plurality of

sol der bal @,Se‘%lﬁeﬂ@afloaéﬁe ipBiprehieiongdeddts Mivectie bending naddy sohtalgadf f or

ground. In further enbodi nents, the sem conductor device conprises an
encapsul arfPldeuhiypi Sharderididewsn gorpisenylrss vdltagh siitehapta tretarial andhis ch can
be the sane as the first voltage switchable material. 181Still
anot her exésppsedbyvgenihe dirdhendiog perbaridgke ssitdudugomtienthd undeditliloer

also contacts a solder ball of the plurality of solder balls, the solder ball being

connected to the bond pad for ground. In further embodiments, the semiconductor

device comprises an encapsulant comprising a second voltage switchable material

which can be the same as the first voltage switchable material.

[8] St_ill another exemplary semiconductor device of the present invention

comprises a dieleciric substrate, a semiconductor die, and an encapsulant. The

dielectric substrate includes, on one surface thereof, a die bonding pad and a plurality




conprises a dielectric substrate, a sem conductor die, and an
encapsul ant. The dielectric substrate includes, on one surface
thereof, a die bonding pad and a plurality of conductive traces, and
the sem conductor die is attached to the die bonding pad. The
encapsul ant conprises a first voltage switchable material that
encapsul at &§ colEctiriacem duttho sende@dudtor doneitestoddi tre diedpndihepad.

sem conductor die is attached to the die bonding pad with a die
attach adhddi wecapsulaht compisrea fifst vdiege swindbaile makial thivencipeulaks dsh
adhesi ve conprises a second voltage svvitchable material. As above,
the first aewicembotoddizolih sgpe: Syibotiiabl & g@ahiesidakb®r giams DAcHles gane.
[91In further enbodinents the sem conductor die is flip-chip bonded

to the di edzdrdiling ppddithadic dneciseMmbGaN th @5me8Mines fHibaiHRhA: GRS | Ses
an underfill layer disposed between the die bonding pad and the

sem conduchnachdidkesivERempristeblsédohd b @Rt seRMBIOTRETRE & 38600 #ol t age
switchable material, in sone instances. In further enbodi nents the

seni conduchad sedend wtaGOsHEhaRS marefh10 WitthelthaGs di sposed on a surface
of the substrate and In contact with the encapsul ant. [10] Yet another

exenplary ggm CMHﬁérthblg@i‘tﬂeﬁ@ tl%fseﬁl%n@fcﬁﬁ?{yis ﬂ%&ﬁfs f)(glﬁe(ggg?% éii es a

dielectric substrate including, on one surface ereoft, ondi ng

pad | ncl udiagcfs 906 B QEnALAN e NRASTREANUS Ol i ge ol o0

conpri ses a sem-conductor die _ _ aH%nding pad
0 e Pt Ay B0 4o T I SEL 0 I
e e N T LA
sem condu C&%Eocﬂ%gﬂtg fhe %gm%cgr?dug{o? eev?cte ciorrr]x\{)gglets ia%?ound trace disposed on a
surface of the substrate and in contact with the encapsulant.
[10]  Yetanother exemplary semiconductor device of the present invention
comprises a dielectric substrate including, on one surface thereof, a die bonding pad
including a bond pad for ground. The semiconductor device also comprises a
semiconductor die flip-chip bonded to the die bonding pad by a plurality of solder
balls. The semiconductor device further comprises a ball formed of a first voltage
switchable mlaterial, disposed between the semiconductor die and the substrate, and
contacting the bond pad for ground.
(1] Still yet another exemplary semiconductor device of the present invention
comprises a dielectric substrate, a semiconductor die, and an encapsulant. The
dielectric substrate includes a die bonding pad on one surface thereof, and the

semiconductor die is attached to the die bonding pad. The encapsulant includes a first

conformal layer and a second layer that overlies the first conformal layer. The first



conprises a dielectric substrate, a sem conductor die, and an
encapsul ant. The dielectric substrate includes a die bonding pad on
one surface thereof, and the sem conductor die is attached to the die
bondi ng pad. The encapsul ant includes a first conformal |ayer and a
second | ayer that overlies the first conformal |ayer. The first

confor mal | cayBEms RS bhiing afmmsxouygelswc%mzlt@m%% b RLsi@lnet hat
confornms to the sem conductor die and at |east part of the dielectric

substrate. s$hgbActth iehd 8X@ARbAL ¥ BEALIEQNdUgRhdevi ce of the
present invention conprises a wafer-scale package The waf er-scal e

package conpjis @@ﬁl@fhé%%{ﬁﬁ&%@lﬁﬂ:‘bnﬂcﬁn Hé'{ﬁnlfe'"@t M{f%ltlblg rx?gus ond

pads on a surface thereof | east one o g a bond

pad for grouige.sEhe ﬁ%{@%%’l c}ﬁ’&% ?er%@ﬁgﬁzg:ﬁa%%o ?S%Osgﬁwoﬁ&lscto% ﬁl der

bal | s di sposed on t and ncaj ant co
vol tage swif ﬁ@%ﬁ h o ctor re the
sol der bal l s(ﬁ pr %ﬂi gmlﬁidf%mﬁﬁ%géh gg%rglﬁgh iy a?l?e%l% Ef%%ﬁ?ﬂgrﬂag
contacts a on.the EF
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sem CondUCtd%ans% Y L 5% B35 pa S, an% an enoapsulan’s comprising a voltage switchable

material encasing the semiconductor die, where the solder balls protrude through the

encapsulant. The encapsulant contacts a solder ball disposed on the bond pad for

ground,



exenpl ary enbodi nent of the present invention. (14]FIG 2 is a
cross-sectional view of a sem conductor device according to another
exenpl ary enbodi nent of the present invention. [15] FIG 3 is a
cross-sectional view of a sem conductor device according to another
exenpl ary enbodi nent of the present invention. [16] FIG 4 is a

cross-sectional view of BREEMDIXIGUPTIONASY DRAWECGEdI Ng to anot her
exenpl ary embodi ment of the present invention. [17] FIG 5 is a

Cross-sectiy %al Y eWs chlo@s SRBbER QQWf@%exﬂﬁMﬁcﬁ@to@&%e‘HcE&dﬁlg PPt her
exenpl ary enbodi nent of the present invention [1 is a

Cross- sectléﬁyﬁg éﬁ@oggwﬁt@ﬁﬂ&gg&gyﬁgaﬁmgeV|ce accordlng to anot her
exenpl ary e nt of the present invention [19] FIG 7 is a

cr 055 sect ipal gy s 0o SR EPUMNAIA LY G PRSATIE AT g ot her

exenpl ary é odi nent e present 1 nvention

another exemplary embodiment of the pregent invention.
i15]  FIG. 3 is a cross-sectional view of a semiconductor device according to
another exemplary embodiment of the present invention.
{16]  FIG. 4 is a cross-sectional view of a semiconductor device according to
another exemplary embodiment of the present invention.
(171  FIG. 5 is a cross-sectional view of a semiconductor device according to
another exemplary embodiment of the present invention.
-[18} FIG. 6 is a cross-sectional view of a semiconductor device according to
another exemplary embodiment of the present invention.
[(19)  FIG. 7 is a cross-sectional view of a semiconductor device according to
another exemplary embodiment of the present invention.
20)  FIG. 8 is a cross-sectional view of a semiconductor device according to
another exemplary embodiment of the present invention.
211  FIG. 9 is a cross-sectional view of a semiconductor device according to

another exemplary embodiment of the present invention,



[20] FIG 8 is a cross-sectional view of a sem conductor device
according to anot her exenplary enbodi nent of the present invention.
[21] FIG 9 is a cross-sectional view of a sem conductor device
according to anot her exenplary enbodi nent of the present invention.
DETAI LED DESCRI PTI ON OF THE | NVENTI ON [ 22] The present invention
provi des over-vol t ag@Pr NS DERCRIPTRON ¢ONFHG Iy viEleYi(¢®QS, such as
packaged sem conductor dies. Packaged sem conductor dies can be

ei ther convienti omalpteteiid@nRAESHAQ ovEl dPragd 1hiBteBORAE e fcOlaub- /ST @NCeE,
in a chip-scale package (CSP). O her sem conductor devices that can

enpl oy the RUVRSELHch B pekkbANehREhULAR WRE EPacR 5RUSRAFKARES dies ceglybet he

Over-vol tage protection IS achieved in the present 1 nvention

substituti Q&h@[fco\{pénftiéﬂﬁgw-etb%ﬁ@é& & ﬂg;?lI:}ﬁ% P&Id%d ff&{ inQh ! in’IaBnﬁlﬁ)r-Icg‘lIﬁZ of

t he sem conductor devic n variou ement ati ons her el

2 _ bl eient at Forls neret “the

cont act w HCSReBr BT B palio SRR PC Y s By el b Dl © "
terial I ielectri terial t. duri

over - vol t agh Boator A FRy Asd R AR R G phioved HP e conauct
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cr oss- sect 1oL B ST NGE efona b UG Pr vt EeeiBboBRe  he

i nvention, such as an i.ntegrated,circuit, Tge sem conduct or devi ce
100 conpr i 8@”3“%@% g%‘f’lﬁeujgéﬂ?“o&ﬁ impjpmeniationg heyein thy ¥pléage syitehablgbst r at e
120. In this en‘?od' ment,. the sem conductor die 110 is attached to a
di e bondi n"H4# {CHI?PGS%%H)‘%IP&IF% agds Sdp paitest b apjeleptrigalditeunds t ach
adhesi ve 13% conprising a voltage switchable material. It wll be
appr eci at ed haRe Yolasgydichehiomeiy ganet i nees apysdielgetc 1eBripk bwer el y a
regi on of- the substrate that has been designated as the |ocation for
t he seni codHies dyovgi-goliage evemhide ypléagh swilehablepaadertah rabledo eomiserd not  be
demar ked, though in some enbodi ments the die bonding pad is clearly
defined. PFkaficiint theaedderdamted. die 110 i ncl udes bond pads (not
shown), on a top surface of the sem conductor die 110, that are

el ectri cal 23] cohlkadtibestes ebmet-sebtalal yiew ofidueteinpbary sagiesndidtr @rick he
substrate 120 by wires 150. The thicicness of the traces 140 are
greatly exa@@eftat edentiont dueh ey mvihvgatetl ofrciit. | UstséatcondcRr apRS&EDO The
traces 140 can be

comprises a semiconductor die or chip 110 attached to a substrate 120, In this
embeodiment, the semiconductor die 1 IQ is attached to a die bonding pad (not shown)
of the substrate 120 with a die attach adhesive 130 comprising a voltage switchable
material, It will be appreciated that the die bonding pad of the substrate 120 is merely
a region of the substrate that has been designated as the location for the
semiconductor die 110. The die bonding pad therefore need not be demarked, though
in some embodiments the die bonding pad is clearly defined.

[24]  The semiconductor die 110 includes bond pads (not shown), on a top surface
of the semiconductor die 110, that are slectrically connected to electrically conductive
traces 140 on the substrate 120 by wires 150. The thickness of the traces 140 are

greatly exaggerated in the drawings for illustrative purposes. The traces 140 can be



connected to solder balls 160 by vias (not shown) through the
substrate 120, for exanple. The solder balls 160, in turn, can be
connected to wiring on a printed wiring board (not shown) |eading to
sources of power, ground, and signals. In this way the sem conductor
die 110 is connected to power and ground and is able to send and

receive signalgeqbd so?cﬂ:?'d%ﬂ 28 v Eagg Q%Vnpﬂgo%rtﬂé ap@lAeloobakl " IS

used broadly herein to also |n 2511 n 't he

enbodi ment k&k@gﬁc i d&gde%zﬁ {0, glﬁg O{]CSIHIBQQ&nQ@ch fa%hng 78 PHAQTaHELOr

die 110 is Con a ground tra e ground

Eéﬁﬁ?nﬁa S RatShhEe g%n&*}[ f?%ﬁogﬂa%d%@k%ﬁ%@g%{'ﬂ%ﬁﬁ%ﬁe o
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e or owi d EGeESERbD DrbaPHiP rhEe Bt B SORF A ARy \%Hfi Sbe.

appreci ated that the typical senlconductor die 110 will include
mul ti pl e bGkE i spiget nd, and any, or aII of these bond pads
can be connected to ground traces [ 26] Suitable voltage

swi t chabl e [t efit &P §mb@ﬁimteﬁféﬂ‘éﬁt@te§tbb 5@% %ﬂ%@ql’@@a‘ig@twﬁﬂlﬁﬂ@%ﬁoh&t rix
material blended with a particul ate conductor. For the purposes of

di e attach ditihdds vanngde! lomgrainddirprsh aaioeid tace E2h He ssoum rase 179
conventional die attach adhesives and can incl ude epoxi es,

pol yi ni des extshils bwmss thesemicodisitorats bidsnd Herdiofondipe ppdisnighifhe t he di e
attach adhesive 130 can be applied by conventional techniques.

Sui t abl e vaituageraswl Hdh abloatanehe dieattschadkestvaudht Pidynyhkeatraytdishi et

al. (US 3,685,026) and Shrier (US 4,977,357), for exanple. [27]

Addi ti onal gsatintiadatel Makxtendeinghe dldbhdingrpdde Duaing thectipatiasie pabos the30%
to 80% by volunme of a dielectric material, about 0.1%to 70% by

vol une of ane glacicidhieciad 13008 dpifticdbyeraioboabiop hadd werBiboytionalf e of a

sem conducting material. Exanples
ground trace 170 extending into the die bonding pad. It will be appreciated that the
typical semiconductor die 110 will include multiple bond pads for ground, and any, or
all, of these bond pads can be connected to ground traces 170,
[26)  Suitable voltage switchable materials for the die attach adhesive 130 include a
matrix material blended with a particulate conductor. For the purposes of die attach
adhesive 130, the mairix material can be similar to conventional die attach adhesives
and can include epoxies, polyimides, silicones, and combinations thereof.
Accordingly, the die attach adhesive 130 can be applied by conventional techniques.
Suitable voltage switchable materials are taught by Wakabayashi et al. (US
3,685,026) and Shrier (US 4,977,357), for example.
{271  Additional suitable voltage switchable materials comprise about 30% to 80%

by volume of a dielectric material, about 0.1% to 70% by volume of an clectrical

conductor, and about 0% to 70% by volume of a semiconducting material. Examples



of dielectric materials include, but not limted to, silicone

pol ymers, epoxies, polyirnide, polyethylene, polypropylene,

pol yphenyl ene oxi de, pol ysul phone, solgel materials, ceraners,
silicon dioxide, alum num oxide, zirconium oxide, and other netal
oxi de insul ators. Exanples of electrically conductive materials

i nclude, buif diddctdd Mattieds helddyBlados listedtodSli &P PElymed| sybixitym ni ckel ,
and stainless steel. Exanples of sem conducting materials include

bot h or ganig ARl ﬁﬁkﬁi@iﬁ’[@lﬁz SR G GHo/phenyRitk LR &hdlRAHEaR, Solgel
u

sem conductor’s include silicon, silicon carbide, boron nitride,

al um num ni k68 Bh&aKE! silpsh d®xide] NEmPNndRidecdNthogiulCo:Gd fld8her
Sui t abl e organi ¢ ‘sem conduct ors include poly-3-hexylthi ophene,

pent acene, Iﬂaalydx%qnsu&%é?%{apﬁ;fb@foyaeama@ig@ﬁmcﬁw hBEENShelulS it Gt 2
illustrates a cross-sectional view of another exenplary sem conduct or
devi ce 200 0f..t ' [ LSemhedi t.t '

adhesi ve ngﬂg?ﬂﬁﬁg§¥?%gpgggﬁ%§;%§g§1ays gagﬁgﬁﬁ' %?ggngé%E@E%?%,
the die attach adhesive, 210.ext.e b he di e bondi ad in
order to conpiero s e nEIUEROS s Sl S RROB OGP e
enbodi nent s, .extends towards.the di.e bonding.pad to, mnimze, the
amount of - SRiRAe G R ARO RIS Bt ti CaPRsaR ot HES ound
trace 220. Simlar . .to the previoqus enbodj ment urj the die attach
b ocess. £ heTa B i TAGHES b e S iy S IHESEHES Bont ng
pad and over at |east, a portign of the ground trace 220. In this and
the previ od&m{FoRdees '8@1&8%%8&1 fh,lopﬁﬁ@s BntaceRs geplengtadrye 210, 130
normal |y serves as a dielectric material, but during an over-voltage
event wil| reBeiHeRst and|GeefilpeeSy to the ground trace 220, 170 and to
ground. In this and the previously described enbodi ment, the die
attach adhd®i ve F¥ad: illegpics anrdeswiigme Msweh wnathererenplayyscainanyietyt

used to di spense conventional die attach adhesive. [291FIG 3

i |1 ustr at eglesice 2gbeltheiovintingl Inthiewmbedigent the dinotdrdradbosoiegll A pileast

sem conduct or device 300 of the invention. In this enbodi nent a

sem conductpertiafly everBy0a groutd irgpe CHY. pHiporfbedic itach sdhdssterZdfexB@B. | n
flip-chip bonding, the sem conductor die 310 is inverted (relative to
t he ori ent &eyan thodit hendg ol it wdeenbodharent g)uslaracd220. t Tie doamd pads
on the sem conductor die 310 can be directly connected to a matching
set of bondrapaets), asciRenHulisich] &teddOowaidithe dideording fardinagmpad. The
connecti ons between opposing pairs of bond pads in flip-chip bonding

are nmade Wighdus@hderoxBaklesuddQdhesi@0ll0 Widee td B&:hSBd S8indRide 22830

provi de a nechani cal connection between the
Similar to the previous embodiment, during the die attach process the die attach

adhesive 210 is applied over the die bonding pad and over at least a portion of the
ground trace 220, In this and the previously described embodiment, the die attach
;a,dllesive 210, 130 normally serves as a dielectric material, but during an over-voltage
event will conduct electricity to the ground trace 220, 170 and to ground. In this and
the previously described embodiment, the die attach adhesive 210, 130 can be
dispensed with the same equipment used to dispense conventional die attach adhesive.
(291  FIG. 3 illustrates a cross-sectional view of still another exemplary

semiconductor device 300 of the invention. In this embodiment a semicoaductor die



sem conductor die 310 and the substrate 320, an underfill |ayer 340
conprising a voltage swtchable material is provided to increase the
resiliency of the flip-chip bonding. As in the previous two

enbodi ments, the sem conductor die 310 in the present enbodinment has
one or nore bond pads for ground, each connected by a sol der ball 330

to a bond padilMplhpRnm 08 siiR8ats YRG! Inalif B BondRE mobmidigdR ol der
ball 330 connections to ground, within the underfill |ayer 340, can

serve as a i Aenginh &l (Radtive W tho grié}ﬂelxt%‘ﬁ% 4 QibAgs eﬁl\%{?i’(i)ne%l’ss) so that

Advant ageously, the voltage switchable material used ormthe

unclean | aygfpod Bagah eschfil RBhRS RS URAR ok Bk BMGRANENE Ohhahifiy 310
and the substrate 32 y the sane equi pnment used to I nject
convention [ L 3 : ' e

cr ose. seot eSO ks b R Bl o0 iR, 2k boriBhicR)

devi ces 40Q_and 500 .of t.he Jd.nventi on.. The sem conduct or...deyi ce.400 of
B G comirraen ey B Pl e R By i b R RTRE B VEL S E a0
with a die tach adhesive 430 that in sone enbodi nents conprises a
vol t age swithabl e material. The semiconductor device 400 al so
conprises an en sul ant 44 t conprises.a, voltage,sw tchable

mat eri al aﬁ@len@&%§ﬁF§?B@l?ﬁ%%gﬁwpgﬁﬁﬁﬂg?gFmﬁ}%mﬁT@;nP%ﬁTTﬁ@m
seniconductor_device,Sgg of FIG, 5 cqggrises a sem conductor die 510
flip-chip BEMaeMuplr die Jlhand the ebssie Aoy aa Hodsaigiblay s 30 caetisingyd t hat
in sone enbodi nents conprises a _voltage switchable material. The
seni conductofazgsviteebsamigiably nevngndite xsroass bareaiienny s theslipchinat
conprises a voltage switchable material and encapsul ates the

sem conducbeiding. Asindhe revietsdwe spdadiments shé samiendutterdli¢ Al0ARGs. 4 and
5, the encapsul ants 440, 540 are normally dielectric but serve to
conduct t opesqnt exberimedthaspnaatede bendyrads thogiongd, amcheeensctedloy age
event. The encapsul ants 440, 540 can be applied by conventi onal

met hods susidadairdBdioragbcan gadgroedwwpy omthe sghstratk 33). Eachblthe@nbbidi nent
of FIG 4, any ground trace 450 that is in contact with the

encapul ant bi4f80canndonsao gsougd,ouithdn tha uhd@filmyeniED; csaléeges eyemid Al so
in this enbodinent, if the die attach adhesive 430 conprises a

vol t age swiekahabdigingai evdraloltageh@entOlAldagRavhslE ARbloBagwaigkchale of the
encapsul ant 440 can be either the sane or a different voltage

swi t chabl emgRtigirdsad to folnd ik ubilortill G1y8rRAHABE InjRfed Bteepinea ground
trace 550 is also provided. The ground trace 550 is in electrical

communi cat jaNcdhboddi@s AR Sebess 32*?)61#)/] t%l?@dgae ehﬁp&@ﬁﬁas@cmqgieéfe nts.

In those enbodi nents in which the underfi l'ayer 530 al so conpri ses

a vol tage switaRakl 8dbmiiehdidlas t he ground trace 550 is optional as a
grounded sol der ball 560 can serve as ground during an over-voltage

event. Al Sg”i n #ife. fm%qh%e c%ss-@ec%on%l’vie%v{? Jr g ’ir%{?s%%f éx%e%lh%ﬁfle; 530

conpri ses voltage switc e material, the voltage sw _
CET ?;Iggl S%e%%%%ﬁ%&rﬁ%?@%aﬁ%@- a%égt)& 5 thg lenvgtllt}orr]l? &hé Shé%}igo% Gotlr de%icg |466 erent
of FIG. 4 comprises a semiconductor die 410 attached to a substrate 420 with a die
attach adhesive 430 that in some embodiments comprises a volitage switchable
material. The semiconductor device 400 also comprises an encapsulant 440 that
comprises a voltage switchable material and encapsulates the semiconductor die 410.

[32]  The semiconductor device 500 of FIG. 5 comprises a semiconductor die 510

flip-chip bonded to a substrate 520 and an underfill layer 530 that in some

10



[35] FIG 6 illustrates a cross-sectional view of still another
exenpl ary sem conduct or device 600 of the invention. In this
enbodi nent, a substrate 610 carrying a sem conductor die 620 is
nounted to a printed wiring board 630. Sol der balls 640 provide
el ectrical connections between the substrate 610 and the printed

Wi ring boareghbdhenRAeoRBRNS o vERIR sRficHabie SRt GRNNBE! L RNSnBEAY Ffce
el ectrical grounding. The sem conductor device 600 al so includes an

underfill Isayefso 6RpdRhn GRIRLITEM0Nat M&h@%@a S ?e E'@i@eézﬁbfé%a%iaﬁ'
The underfill layer” 650 provides over-voltage protection anal ogously

to the undgpf Exlxéa]é.J, é:srthegsf}eﬁ hiCHnaGH s @bey gle ggdx{n%ﬁﬂ ?l‘fﬁstr&t@% B g 3-

Al t hough the enb own In FIG 6 |nc udes a sem conduct or d|e

620 wire bonded 0.t NE.FUPSIAALEH & rmlclltl mP ndenstood.dhigt the
ie 8% %sb‘ﬁg gégg ?%

sem conduct or can a e substrate
e att ach Pmet e ByS ERnELREGE %%ﬁ%?—.vé‘f;ag@ e%i aé‘récsf%@aa%%?éﬂﬁo
k) b BRI S 5P Ein oe s ¢
sem conductBl | Ao EurgBEuinS I o GBS FURF Gt wigh the

sem conductor die 710 is flip-chip bonded to a substrate 720. In this
enbodi ment SNEEHBRIGHOCAR S %&Olﬁgld}l%ngf@@vélr‘éo“@é‘ﬁﬁ%%dmﬁ? inHisl s 740
conprising a voltage switchable material. In this enbodi nent the

bal |'s 740 ambodimsploddbr e eiish adissine +Hhersnmsises e lisenivatshakle meferiad e 710
and substrate 720 for ground. Like the solder balls 730, the balls
740 can be thegiokegr oritchatde maisiitof hecnepsdans 490 crndheicifhertbe saniepr ghi p
bondi ng by conventional processes such as screen printing.

Addi t i onal ldifferén veltnge settiobiemsrizl. an encapsul ant 750 and/ or an
underfill layer 760 can al so conprise a voltage switchable materi al
[37] I n yet {Ahot hethe embodimantyf §8vi5c o pebund Dace 36V iscdsog00vidgh Gim giaund
cross-section in FIG 8, a sem conductor die 810 is attached to a
substrat e &26s 3Py iaindtiletbdal @asimaddaesis with 8 3thunded sohfesbaniodinent, an
encapsul ant 840 conprises two |ayers, a conformal |ayer 850

conpri si ng edb¥dhkageShbdechnbligrciBlethiah theanderdli 380N diay@impBed of a
conventi onal encapsul ant di sposed over the conformal |ayer 850. Using

a thin, coafv@rterg%Iswhtaya@re Babid ThPsBeR! 0ke 55 bplicless £RcaRBYLAM:S 440,
540 of FIGs. 4 and

ball 560 can serve as ground during an over-voltage event. Also in the embodiment

of FIG. 5, if the underfill layer 530 comprises a voltage switchable material, the

voltage switchable material of the encapsulant 540 can be either the same or a

different voltage switchable material.

(351 FIG. 6 illustrates a cross-sectional view of still another exemplary

semiconductor device 600 of the invention. In this embodiment, a substrate 610

carrying a semiconductor die 620 is mounted to a printed wiring board 630. Solder

balls 640 provide electrical connections between the substrate 610 and the printed

wiring board 630. As above, some of these connections provide electrical grounding.

The semiconductor device 600 also includes an underfill layer 650 that comprises a

11



provi des the sanme over-vol tage protection but uses |ess voltage
swi tchabl e material per sem conductor device 800. [33] The confornal
| ayer 850 is disposed over the sem conductor die 810 and over a
ground trace 870 on the substrate 820. In this way the conformal

| 850 act WL f d..In so enbodi.nent s,
et ont or MR SRURARmILED, 02O BlordS ORI oL Oy Ot TRESEATE ™ o
f | . . | e, .by inkj inti ,
coreen pr i gk do ARl WA fro i R Sigabret thfkbvent  ona
MR i Ry (et AR e AR s e

sem conductor  die 810 can also he flip-chip bonded to the substrate
820. As abg\%@egtt?lgle(ﬂﬂégtratlet%h’ﬁt %{gh‘é@ﬁﬂ@@‘sfg%ﬁ%ﬁhe semigengsetes dip 6206781 i n
the case of flip-chip bonding, can also conprise a voltage sw tchable
material . PS9PREE-cldp bt or e wtbsiiate p b A dkatind sapicin Eplingasts an
anot her exenplary sem conductor device 900 of the invention. The
seni conducEhargEt 660 gudrashigntiagieadhgsivmb Xy cag ekb eoppiiteageliagihe

sem conductor device 900 includes a sem conductor die 910 having

sol der bal B¥itgpblednaigsias eltpr dlip-blin dpmding debsli€ wibrh sdtewim) 62ndowidh be
encapsul ant 930 forned to encase the sem conductor die 910. Only the
sol der bal relgedwihenothm enddrfid igybr thiieceldaipsoharnite D3N ageTindtchable
encapsul ant 930 conprises a voltage switchable material and is in
contact wi tiaieatal.| east one sol der ball 920 di sposed on a bond pad for
ground. [40]1n the foregoing specification, the invention is

descri bed wist h Iefifineste demplpgCkhionérhedtwent®, sihenes trosbisktidrhose
skilled in the art wll recognize that the invention is not limted

thereto. VarFious, 4 gaidshésctanit ADAE AlScHf biraed akaesHeson hed;s _
i nvention may be used individually or jointly. Further, the invention

can be uti binB&Hmbi, M STUREIIOFIB Y LONEIRLE bABA AR LLAALdQNS beyond
t hose described herein wthout
voltage switchable material. In this embodiment the balls 740 are disposed between
bond pads on the semiconductor die 710 and substrate 720 for ground. Like the
solder balls 730, the balls 740 can be formed on the semiconductor die 710 prior to
flip-chip bonding by conventional processes such as screen printing. Additionally, in
some embodiments an encapsulant 750 and/or an underfill layer 760 can also
comprise a voltage switchable material.
371 In yet another exemplary semiconductor device 800, shown in cross-section in
FIG. 8, a semiconductor die 810 is attached to a substrate 8§20 by a die attach adhesive
830. In this embodiment, an encapsulant 840 comprises two layers, a conformal layer
850 comprising a voltage switchable material, and a second layer 860 of a

conventional encapsulant disposed over the conformal layer 850. Using a thin,

conformal layer 850 in place of the thicker encapsulants 440, 540 of FIGs. 4 and 5

12



departing fromthe broader spirit and scope of the specification. The
specification and drawi ngs are, accordingly, to be regarded as
illustrative rather than restrictive. It wll be recognized that the
terms "conprising,” "including,” and "having," as used herein, are

speci fi cal Ipfoviddsandaehel@ebeolhgastoRsi@IRNuRREedydIA8 Svittha@t nateridhat i s
claimed is: 1. A sem conductor device conprising: a dielectric

substrat e igaehdndbdi@uctdndsickisoet surface thereof, a conductor; a
sem conductor die attached to the first surface using a die attach

adhesive; g  The YRR 1S §50RARLR B RL %h@ Iselﬁlg&ﬂﬁtggokg% |8t1 88nd over

sem conductor die to the conductor, the voltage swtc e materi al

physically a(\é?&hﬂ%aic@ PG e tRREME ARAUS L2 hgiCGrJf@'ngaItl rm &L or;
Prntt desd Brpsll SRR Y

and an encapsul ant t encapsul at es € sem conduct or

wherein t h%@ﬁg@p@w rrég){&}ecre?)ggi:ohgf HisEm@LhAGHAANGS] MGedRG! HAS s56% on

vol tage swit
the order of 50 mils thick. The conformal layer 850 can be formed, for example, by

inkjet printing, screen printing, or painting. The second layer 860 of a conventional
encapsulant can be formed by conventional methods such as molding and screen
printing, for example. It will be understood that the semiconductor die 810 can also
be flip-chip bonded to the substrate 820. As above, the die attach adhesive 830, or an
underfill layer in the case of flip-chip bonding, can also comprise a voltage switchable
material.

(391  FIG. 9 illustrates a cross-sectional view of yet another exemplary
semiconductor device 900 of the in.vention. The semiconductor device 900 comprises
a wafer-scale package. The semiconductor device 900 includes a semiconductor die
910 having solder balls 920 disposed on bonding pads (not shown) and an encapsulant
930 formed to encase the semiconductor die 910. Only the solder balls 920 protrude
through the encapsulant 930. The encapsulant 930 comprises a voltage switchable
material and is in contact with at least one solder ball 920 disposed on a bond pad for
ground.

[40]  In the foregoing specification, the invention is described with reference to
specific embodiments thereof, but those skilled in the art will recognize that the
invention is not limited thereto. Various features and aspects of the above-described
invention may be used individually or jointly. Further, the inveption can be utilized in

any number of environments and applications beyond those described herein without
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2. The sem conductor device of claim1, wherein the conductor is
sandwi ched between the die attach adhesive and the di e bondi ng pad.

3. The sem conductor device of claiml, wherein the die attach
adhesi ve extends beyond the die bonding pad to contact the conductor
4. The sem i : i er.ei he nlco ctor di e
s £l pooh @é%@l@ip boﬁ%gﬁﬁt tg‘?? oﬁge(ggfémgm 0 of\@ﬁ] spe%P ca%xﬁ "zlg n%PS‘B 8{1 apd
devi ce of c&gw es the use_of

i nc
sol der balls, Hﬁ%mg¥ﬁﬁé§§glbn ?Q? gﬂﬁ@%“ﬁé?$?qP§“P%ﬁﬁgﬁeH“ﬁ@ a
ball i.nclu smLtchabIe”qat The sem conduct or
devi ce of g%%? e ﬁe%/ {Tﬁgfen@%n%?mpé'lslﬁé’ aHmE‘F}E’é <l aJi‘ﬁV“}gnc"‘}Sd’é\‘?dr@l%n
second volta o3 5{ % g 3 ge senlconductor devi ce of
claiml, Where]-3 l?ﬂ BRadss. ?‘?%@FB&@-&i%ﬁ?%9§ﬁ conformal |ayer
conprising the voltage smntchable material that conforns to the
sem conductor die and at |east part of the dielectric substrate, and

a second |layer that overlies at |least a portion of the first
conformal | ayer.
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8. The sem conductor device of claim1l1, wherein the encapsul ant
encapsul ates the sem conductor die and the conductor. 9. The

sem conduct or device of claiml, wherein the encapsul ant encapsul at es
t he sem conductor die and the die attach adhesive. ABSTRACT

Sem conduct or Devi ces Including Voltage Switchable Materials For
Over- Vol tage Protection Sem conductor devices are provided that

enpl oy volt aget swidiehalkl e materials for over-voltage protection. In
various inplenentations, the voltage switchable nmaterials are
substituted for conventional die attach adhesives, underfill |ayers,

and encapsulant s JMiichb8autchs a¥akd gtﬁgpr%#ﬁ chable material normally

functions as a dielectric material ng an over-voltage event the
vol t age swi t chabt éickairiesilbatratsecdndisg, ehadirsti sudhdethaovijactriduetognd can

conduct electricj to ground. Acc i ngl he voltage, sw tchabl e
material is in c%%\%ﬂa{c?nd\g\f tf) %&ga%%??‘ﬁ {Oghﬁggﬁﬁlﬂ%agﬁgﬁfl%gg%é&?%ﬁ“ésdwrrace
on a substrate, ®volaiggtwikhdbid nsaddrihe toddttingithe eenfibirduebi @lc RAGK a@RLuctor,
Figure | the voltage switchable material physically contacting both the semiconductor die and the
conductor; and

an encapsulant that encapsulates the semiconductor die, wherein the encapsulant

and the die attach adhesive include the voltage switchable material.

2. The semiconductor device of ¢claim 1, wherein the conductor is sandwiched

between the die attach adhesive and the die bonding pad.

3 The semiconductor device of claim 1, wherein the die attach adhesive extends

beyond the die bonding pad to contact the conductor,

4. The semiconductor device of claim 1, wherein the semiconductor die is flip-chip

bonded to the die bonding pad.

5. The semiconductor device of claim 4, wherein flip-chip bonding includes the use
of solder balls, and at least one of the solder balls is replaced by a ball including the

voltage switchable material.

6. The semiconductor device of claim 5, further comprising an encapsulant

including a second voltage switchable material.

7. The semiconductor device of claim I, wherein the encapsulant includes:
a first conformal layer comprising the voltage switchable material that conforms
to the semiconductor die and at least part of the dielectric substrate, and

a second layer that overlies at least a portion of the first conformal layer.
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8. The semiconductor device of claim 1, wherein the encapsulant encapsulates the

semiconductor die and the conductor.,

9. The semiconductor device of claim [, wherein the encapsulant encapsulates the

semiconductor die and the die attach adhesive.
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