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BACKGROUND OF THE INVENTION

Field of the Invention

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

more particularly to over-voltage protection.

Description of the Prior Art

(3] 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 lightening strikes.
Electrostatic discharge commonly occurs when a person carrying a static charge
touches a semiconductor device. Line transients include power surges on AC power
lines, and can also be caused by events such as closing a switch or starting a motor.
[4] Voltage switchable materials, 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 electrically

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



affected or destroyed by over-voltage events. Exanples
of over-voltage events include electrostatic discharge
(ESD), line transients, and |ightening strikes.
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SUMVARY [ 6] An exenpl ary sem conductor device of the
present invention conprises a dielectric substrate
and a sem conductor die. The dielectric substrate

i ncl udes, on one surface thereof, a die bonding pad
and a plurality of conductive traces. The
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which can be the same as the first voltage switchable material,
18] Still another exemplary semiconductor device of the present invention

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

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



In further enbodi nents the sem conductor die is
flip-chip bonded to the die bonding pad and the

sem conduct or device further conprises an underfil

| ayer di sposed between the di e bonding pad and the
sem conductor die. The underfill layer can conprise a
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contacting the bond pad for ground.

(11} 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



around. BRI EF DESCRI PTION OF DRAWNGS [13]FIG 1 is a
cross-sectional view of a sem conductor device
according to an exenplary enbodi ment of the present
invention. [141FIG 2 is a cross-sectional view of a
sem conductor device according to another exenplary
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12] A further exemplary semiconductor device of the present invention comprises

a wafer-scale package. The wafer-scale package comprises a semiconductor die
including a plurality of bond pads on a surface thereof, at least one of the bond pads
being a bond pad for ground. The wafer-scale package further comprises solder balls
disposed on the bond pads, and an encapsulant comprising a voliage switchable
material encasing the semiconductor die, where the solder balls protrude through the
encapsulant. The encapsulant contacts a sclder ball disposed on the bond pad for

ground.



[16] FIG 4 is a cross-sectional view of a

sem conductor device according to another exenplary
enbodi ment of the present invention. [17] FIG 5 is a
cross-sectional view of a sem conductor device
according to anot her exenplary enbodi nent of the
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vi ew of a sem conductor device according to anot her
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another exemplary embodiment of the present invention.
[15]  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.
[17]  FIG. 5 is a cross-sectional view of a semiconductor device according to
another exemplary embodiment of the present invention.
(8]  [IG. 6is a cross-sectional view of a semiconductor device according to
another exemplary embodiment of the present invention.
(191 FIG. 7is 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 fo
another exemplary embodiment of the present invention.
[21]  FIG. 9is a cross-sectional view of a semiconductor device according to

another exemplary embodiment of the present invention,



anot her exenpl ary enbodi nent of the present invention.
[21] FIG 9 is a cross-sectional view of a
sem conduct or devi ce according to another exenplary
enbodi nent of the present invention. DETAILED
DESCRI PTI ON OF THE | NVENTI ON [ 22] The present
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the electrical ground. [23]FIG | illustrates a
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gevice 100 of the invention, such as an integrated
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sem conductor die or chip 110 attached to a substrate
dyeay, any yer-rpligsepisoidhaenitage shichsemnuemdlistble Wiedid0 is
attached to a die bonding pad (not shown) of the
clagigeity tattke derioal gihual. di e att ach adhesi ve 130
conprising a voltage switchable material. It will be
[2&ppridéi dtlbirethat crodsesedicmabondbign gashpbiy §dagcEURSsI@RYee
120 is nerely a region of the substrate that has been
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110. The di e bondi ng pad therefore need not be
cagmzeskegmiddnougdr didoreaipe 1enbadtme sibkdee tie handi ng
pad is clearly defined.
embodiment, the semiconductor die 110 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 subsirate 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 electrically conneeted to electrically conductive
fraces 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



[ 24] The sem conductor die 110 includes bond pads (not
shown), on a top surface of the sem conductor die 110,
that are electrically connected to electrically
conductive traces 140 on the substrate 120 by wres
150. The thickness of the traces 140 are greatly
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dbPGmeh56W@*Bﬁﬁﬁ pad on the seniconductor die 110 is
connected to ground through a ground trace 170. The
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110 and the die bonding pad so that the ground trace
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anot her way, the ground trace 170 extends into the die
eligndi hetyvqea dhe sBurdonductdrelicdi 16 sad thacle pmome $sd tdibatdhce
attach adhesive 130 is applied over die bonding pad
gamudld aver 1 0hain gooiattitbndiohttichedigiivan80.t haagothofGvay, the
extending into the die bonding pad. It will be
gappd eedcall7@dxtehdd infohBe diy Pbithhg SRANMTDSOAEL the ey atdbiSprdddds the
will include nultiple bond pads for ground, and any,
derattat adhedivd Ieseaisdopads walnp Qacpzﬁﬂ%‘@@ﬂtﬁﬁ pbRiod ro@’eh@d
traces 170. [261Suitable voltage switchable materials
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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

3,685,020} and Shrier (US 4,977,357), for example,

[27]  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 electrical

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



by volune of a dielectric material, about 0.1%to 70%
by volune of an electrical conductor, and about 0%to
70% by volume of a sem conducting material. Exanples
of dielectric materials include, but not limted to,
silicone polyners, epoxies, polyimde, polyethylene,
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beyond the die bonding pad in order to contact the
ngYee anf feful@encsThe ground trace 220, in some
enbodi nents, extends towards the die bonding pad to
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deyriend (e theritpadiiore N thid embaiimérh ehedli€ataich aghesive QC@SSedkhe
die attach adhesive 210 is applied over the die
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{291 FIG. 3 illustrates a cross-sectional view of still another exemplary

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



sem conductor die 310 and the substrate 320, an
underfill layer 340 conprising a voltage sw tchable
material is provided to increase the resiliency of the
flip-chip bonding. As in the previous two enbodi nents,
t he sem conductor die 310 in the present enbodi nent
Hass fipechQs boMBEERQaBkiRAGS of ! - 0 :
by a ?olggr ball 330 to a bgﬁ%@6§gﬂ%ﬁgﬁggﬁ%§ﬁ§&§%&$ﬂe
BIDEL G afvertdPelatFRNMHRLrENESS, | for RA at
connections to grougg?naﬂthiHﬁ?kgﬁﬁhgg?%W%ﬁgygﬁ%?ogﬁb,
{EEBH ARV, s t | ha I an_over-vol t age
o TR 0! B B b Pl { PR
iy | r 340 ca i nj ected
B acarpyReTUNRHIC00D bt BY 854 PuRes e 2acebrdias
e &equi pnent cused to inject conventjiona
e Yo e BRIE BB incdto Donio s madegeisaidsr balls
364 0ss-sectional views of two additional exenplary
sem conduct or devices 400 and 500 of the invention.
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In the enbodinents illustrated in FIGs. 4 and 5, the
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540 can be applied by conventionai nmet hods such as
seiffodduRhr AR HGHE AR skt Dby ' L ent
of FIG 4, any groun%ﬁ@%g?gbzggﬁgﬁg%&fgggﬁﬁggﬁggl?“

coMbdnHofad@nderfill materials.

{31 FIGs. 4 and 5 illustrate cross-sectional views of two additional exemplary
semiconductor devices 400 and 500 of the invention. The semiconductor device 400
of FIG. 4 comprises a semiconductor die 410 attached to 2 substrate 420 with a die
attach adhesive 430 that in some embodiments comprises a voltage 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 fayer 530 that in some
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encapul ant 440 can serve as ground during an

over-vol tage event. Also in this enbodinent, if the
di e attach adhesive 430 conprises a voltage sw tchable
material, the voltage switchable material of the
encapsul ant 440 can be either the sane or a different

em;loﬂmmsscmn&aﬁmalx@lt@ts%b}?a'bie mdtdhl, Tk LHGB 3903813{52

of FIG 5, a ground trace 550 is al so provi

0aKpd | Wil 2
Sg}r WD d(éﬁ&fngég? éxg?’rg;ggs%lahg%% teft tc{yrhlg@es g g_gmg S\%ﬁ%hagfé muaterial

ahl] Qﬁcﬁgﬁm&qhy&miéondp%tmlé:ﬂ of IT}? %ﬁx%{){i%lg{egf,s gt%(s%'aite? énOFIGs

al so conprises a vo SMAtC
n L AnS< PLL onal ., a | ded sol der bal
BR8% ﬁ“ﬁ‘*ﬁ&?%@é mr Sl PRI sl Byt VBl Sge it
ertill
BB s e PR AR w%?%eagf@twwﬁatr ARk 10,8
tchabl e material of the encapsul ant 540 can
°%%L‘“‘e‘“rpgﬁ&<f ST TR lwn@eﬁg@e%wtmam e
taﬁiﬁl' &f %_ | 6 illustrates a cross-sectional
e gppydimen of fEF- 4o armsrurdfrase i Lo aide ot ontgevilcide
600 of the invention. In this enbodi nent, a substrate
6%%“*&%?#% { CPySCAY S B drieon agpievadiee peshobike Bdhiso a
rinted wiring board 630. Sol der balls 640 provide
°@P%@Wiﬂc5lth%ﬁ pech pdsivodiinoapristse withst yvdtcbaldd Aamrid,
the printed wiring board 630. As above, sone of these
thegrhesersndisbabby wetedas obthe cheapaddnt @Mbmd:lemghel'm@samc ora
sem conduct or device 600 al so includes an underfil
diffgyeat v@Bge shigthablompiearises a  vol tage switchabl e
material. The underfill |ayer 650 provides
(38l er Invtet ¢raigetipero DEELD. 6nu @naldogou S Yistatotphe i @yad gt biohnd
| ayer 340 di scussed above with respect to FIG 3.
trAdetSh0 ugh ctebeiceinbadiumbatiorshipywngioindetl Gold6r b0 d8Sode
semi conductor die 620 wire bonded to the substrate
eblidiiméits. inlthosb emUbERESE ROChiENAE uhDSHIS L CONAUGT B pEle
620 can also be flip-chip bonded to thé substrate 610.

a Aldist omabbl matdiiad QPR QRAQAEBALS
and/ or 3 gleﬂgit?chﬁgﬁhe5|ve 676 g%ﬁm&ﬂ%%&%%%@%?g@ﬁQ

baIIGhEE 3V dsGhaRlieuiRs &1 4Rk volﬁ% g eb pAﬁQ IpthQ gr[ﬁg!)c{]%cm:

the die attac adheS|ve 670 wolil e rep ace

ofaNat NeF Ly ﬂﬁj&'iifil'l l od BYEEmpl hﬁ%& @gﬂg s@ i %Ibﬁ) ano zﬁ,etl?e

vol t age sw t chab e nater

Vo@ﬁ/&m&mﬂ)léﬁmoﬁgﬂglt’lgc%gapg&mlﬂ%% cgﬁlﬂcf &1181},1\{?18 PAMEQI o

Cross-section a sem ¢

dﬂi to a,substrate 720. In this
1 1161&3%m%t3@‘%gﬁ)%m'fueltl?%e sol der balls 730 are repl aced
tchable materi al

740
$ ?ﬁé élW%yﬁ%o %“g%n%WQWPﬁ”#igﬁéFéhﬁﬁéﬁ@@@ﬁ’betmeen
duct die 710 d bstr at
solf 300 B e B i1 CLfS T RBOR o dbis SwhedgenGpsishes 54 | 5

740 can be n t he sem conductor die 710 prior
"a’t‘%‘nﬁﬁisiiﬂk?ﬂl?%“% i§i6 %‘SWL@&GI\?%PF@%ME}%@@%@@ Salkr as

b @ éan printing. Additionally, in sonme enbodi ments an
a8h ﬁga‘r%#c%@l SoTHESiona betiprache $ubbirdtea§ B} anggbe praredal so

conprise a voltage switchable materia
wiring board 630. As above, some of these connections p10v1de electrical grounding,

The semiconductor device 600 also includes an underfill layer 650 that comprises a
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[37] I n yet another exenplary sem conductor device 800,
shown in cross-section in FIG 8, a sem conductor die
810 is attached to a substrate 820 by a die attach
adhesive 830. In this enbodi nent, an encapsul ant 840
conprises two | ayers, a conformal Iayer 850 conprising

\@flt&é@ HAGR L hERAD R, Hl?cfe?f?[ Ryer ﬁﬂ OSVé eg‘((%gd : %{otgcggn

a conventi onal encapsu

H20EQL nf or mal er 850
FRB AL ﬂ?e%ﬁé’fﬁ?@ ey Ut a#oafﬁt“gﬁua@wtmkﬁ Fi G
th | t tection but
0808 B AL oD SR ey £ B0 e
duct 00. [38] The confornmal |ayer 850
PES B&S&%ﬁ‘i’%@?“ i Clrincbiiohd £ Bareprgainciioge cana
d tra n the substrate 820. In this way the
%8 R Stli? Pyt touBishaeas b e fonle i soreo s an
rou me enbodi nents, the conformal |ayer 850
ﬁ ﬂfmtt ﬁé& S it e MiFEve A7 baen abneoTspieormiEe ayer
q@é n be formed, for exanple, by inkjet printing,
SWHehaBls materiad-i bRy Hiehip Apwding dhe diheftagle edmsive 6ilewo86Be of
a_conventional encapsul ant can be formed by
repésoe ith evpther adanbld dryebit casldmiblodbmgrisnd ofsgearitchable
printing, for exanple. It will be understood that the
mgésrinkonduct or di e 810 can al so be flip-chip bonded to
the substrate 820. As above, the die attach adhesive
(3830, Ingtillancteradsediplhly skapendicrortdbgccrmest@ivnfih bRsCRbEN
bondi ng, can al so conprise a voltage sw tchabl e
it Ge? i aademidoBckdr Gie A 0iid Nipsdhipb@BledioG QBSmEEThi andls
view of yet another exenplary seniconductor device 900

embodithent) owent ieRolddNalls em e REPIEEPby BANI7EE c&g% 1sm
conpri ses a wafer-scal e package. The sen con

valeys eeit@8le imekiudas 18 SAMGRRduGE
sol der balfs 9£O dlsp%sed on bon{%gaggzﬁg&g%ogygﬁgwm

bod Gha @ brEME RS AN 0230 71 @émqﬁéé&tse?ig egongtﬁﬁ L&f dhe

sem conductor die 910.

sogfeﬁ)t)ﬂlé@@ottm o9hab Elﬁl l%%ﬁ'lpe?i% %H{)feﬁﬁ% thJ?m r.F nﬂ%ﬁ)‘? %lé?nt

30 conprises a voltage SWi t Ch
osed an

ﬂlﬁQHip%hm% Bf c@%vcllltﬁ)‘ﬁﬁ%pi 8{]'3?1%2% ?ub te{1 scq?%x:,péﬁlﬁp% gAgcﬁtlona y, 1

bond pad tor groun

soﬁ@%ﬁfbf)&h%h Qip encagﬁlan?y?@ i oh SndSRET '1y01e7(}0 can ¢ Qso

reference
comprise a voltage switchable material.

371 Inyet another exemplary semiconductor device 300, 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 conprises 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 F1Gs. 4 and 5
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speci fic enbodi ments thereof, but those skilled in the
art will recognize that the invention is not limted
thereto. Various features and aspects of the
above-described invention may be used individually or
jointly. Further, the invention can be utilized in any

PTG thOfanRVEL mﬁg@% 1Stedith RPRL AL g Q%%C%thlr L

descri bed herein wthout departing r8n1t

pePidulibor@NdoS&QRE 39h the specification. The
specification and drawi ngs are, accordingly, to be

asfrgarr@l@@orﬂs‘nﬁg!z ;sélgsf 5Bhd 4 af%og@&{vg{ g% E‘&mc § u&g; i ai,&\fganci Sver

be recogni
as%s@%%d#%ca?roym?tﬁ Subgﬁﬁé?ﬂ) LR rbfemméﬁsaomgs
c81f1taa v{fﬂ%}c soume '\c@%w[umﬁ 1% same Flag( (ﬁlabnl%r']e\” CFOé lﬁpé%eléﬁ%] %'on

rNc su rate
di d it
tléeo%(ﬁcotf Py 8“?#13&1 o Phe gagfo E’"fgéﬁfﬁg{‘c%@&ﬁe@% Ofeﬁ% fﬁ’t PEOREY o
di bondi d t.h attach adhesi ve
s e R Rt Bk U e S 0eR Raprvepfien

die attach a heS|ve contacting a conductive trace of
RS 4l b PIIBH DoAY Moflgeisioh as myldéng and screen
sem conductor device of claim1l wherein the die attach
PHHW@%ﬁVé‘@FWFeEéﬁubaﬁwhﬁﬂkﬁf@vémﬁay§0mheﬁmdmdﬂ@wmde}

tr
be ﬂip~chip bonded to the substrate 820. As above, the die attach adhesive 830, or an

undertill 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 invention. 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 fo encase the semiconductor die 910. Oaly 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 invention can be utilized in

any number of environments and applications beyond those described herein without
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3. The sem conductor device of claim1 wherein the
conductive trace extends between the seni conductor die
and the die bonding pad. 4. The sem conduct or device
of claim1l wherein the die attach adhesi ve extends
beyond the die bonding pad to contact the conductive

Eﬁ‘ﬁﬁ fi9m OGS RI Q{H%H%Eéfare o?%)é sceect Catlon ILhes otlaftmb%nd

SI ng an enc a secon

d
‘ﬁt““‘%" %p ot ﬁé’ef‘egﬁlt@ﬁ %@ﬁ&éﬁ%ﬁ& ) t*ageyiw%% % wi
| al h . t
FabiE0%RL ngﬁab GriSrbot e Basets dhaliner dar g
di e _bondi d d
ST aParrdl P Egi bty ks eheaed amsdirBonduct o di e
attached to the die bonding pad; and an cncapsul ant
conprising a first voltage switchable nmaterial that
overlies the
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sem conductor die and at |east part of the dielectric
substrate. 8. The sem conductor devi ce of cIa|n17.
wherein the senm conductor die is atpached to the die
bonding pad with a die attach adhesive. 9. The
sen conductor device of claim$8 mhereln the die attach
adhesi ve conprises a secppdyy@ tage swtchable
material. 10. The sen conductor device pf claim?9
wherein the first and second voltage swtchable
materials are the sane. 11. The sem conduct or QeV|ﬁe
f i g ' .sem conductor die is flip-chip
ﬁd%g%@”?%g?ﬁggﬁﬁéQﬁkﬁﬁﬁﬁg pad and the senicogductord
devi further conprises an underfill layer dispose
ot ne it SR RES, Sboll NGREL Itk AU B pag e
12. The sem conduct or devjce of claim 11 further
conprisin&ggwéﬁ%@%@n@Fﬁg%ﬂﬁﬁ§ﬁ8§ed on a surface og t he
substrate and in contact with the encapsul ant. 13.
The %éWPtGB’PfE‘ﬁ@F 3? a&é‘i}‘ﬁg & 18¢ dig banding nadyidy &4l aiteek athSWG
i conpri ses a second voltage sw tchabl e
llflrg? g; If Ia: l cgn%yrgng a fg:gt voltage switchable material, theg die attach adhesive

contacting a conductive frace of the plurality of conductive traces.

2. The semiconductor device of claim ! wherein the die attach adhesive at least

partially overlays the conductive frace.

3. The semiconductor device of claim 1 wherein the conductive trace extends

between the semiconductor die and the die bonding pad.

4. The semiconductor device of claim 1 wherein the die attach adhesive extends

beyond the die bonding pad to contact the conductive trace.

5. The semiconductor device of claim 1 further comprising an encapsulant

comptising a second voltage switchable material.

6. The semiconductor device of claim 5 wherein the first and second voltage

switchable materials are the same.
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14. The sem conductor device of claim 13 wherein the
first and second voltage switchable materials are the
same. 15. A sem conductor device conprising: a

di el ectric substrate including, on one surface

t hereof, a die bonding pad including a bond pad for

r b ]y or. die flip-chip bonded to the
gi%lg oﬁ°|ﬁ§%g§§%%§8§5ﬁ?ﬁ%a|ity of solder balls; and a
bal |

forned of a first. voltage switchahle nateria
o spo< B (o i bRl G e e Tping pad g
substrate n%.co tacti.ng the bond pad for ground. 16.
The senicgﬁﬁﬁ F%P‘@E@WEEBBWE&Iain115 further

risi n encapsul ant conprising a second vol tage
vi £ ehaBIea i feariched i thadisbridhdubest devi ce
conprising: a dielectric substrate including a die
bond PR §S3E 1 comaisagarisie oftrer eidfchabe wateiial Grd oicrlars the
die attached to the die bonding pad; and

semiconductor die and at least part of the dielectric substrate.

§. The semiconductor device of claim 7 wherein the semiconductor die is attached fo

the die bonding pad with a die attach adhesive,

9. The semiconductor device of claim § wherein the die attach adhesive comprises a

second voltage switchable material.

10. The semiconductor device of claim 9 wherein the first and second voltage

switchable materials are the same.

11. The semiconductor device of claim 7 wherein the semiconductor die is flip-chip
bonded to the die bonding pad and the semiconductor device further comprises
an underfill layer disposed between the die bonding pad and the

semiconductor die.

12. The semiconductor device of claim 11 further comprising a ground trace disposed

on a surface of the substrate and in contact with the encapsulant.
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an encapsul ant including a first conformal |ayer
conprising a first voltage switchable material that
conforms to the sem conductor die and at |east part of
the dielectric substrate, and a second | ayer that
overlies the first conformal Iayer 18. The

@?%h@@é}gfd %&fotogﬁgﬁ&eof%{ ajnY lI ﬁ\xfgb mt uncgllql l%%m aombusesa

sem con or dieis a

Wi th agﬁ%o O%&ﬂﬁhgﬂign&ﬁhconpr!5|ng a second vol tage

swité et eri al e sem conduct or device of
claim 17 wherein the sem conductor die is flip-chip
bonded to the die bonding pad and the sem conduct or

48 Sﬁ%%él&l”ue@géevg A E R DR B e ot Sibe BREhmen.

t he dle d|n ad and the sem conductor die. 20. A
waf eFVEEH %%g © I6§HRY-si ng: a semi conductor die
|nclud|ng a plurallty of bond pads on a surface

t hereof, at |east one of the bond pads being a bond

pad for ground;
15, A semiconductor device comprising:

a dielectric substrate including, on one surface thereof, a die bonding pad
including a bond pad for ground;

a semiconductor die flip-chip bonded to the die bonding pad by a plurality of
solder balls; and

a ball formed of a first voltage switchable material, disposed between the
semiconductor die and the substrate, and contacting the bond pad for

ground,

16. The semiconductor device of claim 15 further comprising an encapsulant

comprising a second voltage switchable material.
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sol der balls disposed on the bond pads; and an
encapsul ant conprising a voltage switchable materi al
encasi ng the sem conductor die and contacting a sol der
bal | di sposed on the bond pad for ground, the sol der
bal | s protrudi ng through the encapsul ant.

17. A semiconductor device comprising:
a dielectric substrate including a die bonding pad on one surface thereof]
a semiconductor die attached to the die bonding pad; and
an encapsulant including
a first conformal layer comprising a ﬁrsf voltage switchable
material that conforms to the semiconductor die and at
least part of the dielectric substrate, and

a second layer that overlies the first conformal layer.

18. The semiconductor device of claim 17 wherein the semiconductor die is attached

to the die bonding pad with a die attach adhesive comprising a second voltage

switchable material.

19. The semiconductor device of claim 17 wherein the semiconductor die is flip-chip
bonded to the die bonding pad and the semiconductor device further comprises
an underfill layer comprising a second voltage switchable material disposed

between the die bonding pad and the semiconductor die.



20. A wafer-scale package comprising:
a semiconductor die including a plurality of bond pads on a surface thereof, at
Jeast one of the bond pads being a bond pad for ground;
solder balls disposed on the bond pads; and
an encapsulant comprising a voltage switchable material encasing the
semiconductor die and contacting a solder ball disposed on the bond

pad for ground, the solder balis protruding through the encapsulant.
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