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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-



are materials that nornmally behave as dielectric
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Shrier et al.



surface thereof, a die bonding pad and a plurality of
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[71 Another exemplary semiconductor device of the present invention comprises a

dielectric substrate, a semiconductor die, and an underfill layer. The dielectric
substrate includes, on one surface, a die bonding pad including a bond pad for ground.
The semiconductor die is flip-chip bonded to the die bonding pad by a plurality of
solder balls. The underfill layer comprises a first voltage switchable material and is
disposed between the die bonding pad and the semiconductor die. The underfill layer
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] 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
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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 material, disposed between the semiconductor die and the substrate, and
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



switchable material, disposed between the
sem conductor die and the substrate, and contacting
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DESCRI PTI ON OF DRAWNGS [13] FIG 1lis a
cross-sectional view of a sem conductor device
according to an exenpl ary enbodi nent of the present
invention. [14] FIG 2 is a cross-sectional view of a
sem conduct or device according to



anot her exenpl ary enbodi nent of the present invention.
[15] FIG 3 is a cross-sectional view of a
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[18]  FIG. 6 is a cross-sectional view of a semiconductor device according to
another exemplary embodiment of the present invention.
191  FIG. 7 s 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.

[21]  FIG. 9 is a cross-sectional view of a semiconductor device according to

another exemplary embodiment of the present invention.



i ncl ude waf er-scal e packages. Over-voltage protection
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[23]  FIG. 1 illustrates a cross-sectional view of an exemplary semiconductor device

100 of the invention, such as an integrated circuit. The semiconductor device 100
comprises a semiconductor die or chip 110 attached to a substrate 120. In this
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 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.

[241  The semiconductor die 110 includes bond pads (not shown), on a top surface
of the semiconductor die 110, that are electrically 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



greatly exaggerated in the drawings for illustrative

pur poses. The traces 140 can beconnected to sol der
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120 for exanple The sol der balls 160, in turn, can
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diexti @isciongedtest to arpenddheough adireindgeage 179. Whe prayad trace 170
appreciated that the typical sem conductor die 110
extérdds betwakn de semlitinduetobdied 10 add tHeatie bomdinglpadasocthaintize
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grounci trace 170 extending into tﬁl die bonding pag 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 matrix 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.

[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



Accordingly, the die attach adhesive 130 can be

appl i ed by conventional techniques. Suitable voltage
waeuorobakt e material s are taught by WakabayashPCEHUSZNN6/045206

(US 3,685,026) and Shrier (US 4,977,357), for exanple.
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adhesive 210 at |east partially overlays a ground
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pagtfa?llflrl)qle}lﬁ Caegr%&r(l)d trz;lzzréeﬁ%.r cﬁje?eci the die attach adhesive 210 extends
beyond the die bonding pad in order to contact the ground trace 220. The ground
trace 220, in some embodiments, extends towards the die bonding pad to minimize
the amount of extra die attach adhesive 210 needed to reach the ground trace 220.
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
‘adhesive 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 semiconductor die



trace 220, in some enbodi ments, extends towards the

die bonding pad to mnimze the anount of extra die
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220. Simlar to the previous enbodi nent, during the

j: i adhesive, 210 i s

31916 AR LG BoRi A8 ubifudud ﬁghéfgﬁ%lﬁﬂwé@&gﬂ ¢ $halgpigor
. ion of th rqqund tra 220, In this anpd_the

i 388 I<3ulpa et B aisBRaR it theuhiot HV%%F?‘HEW_NS) s0 that
agdhesi ve 210, 130 normal ]y serves as a dielectric _

thﬁg%f pags ongh seaieondycion dis\A0-cgp be digectiveamnesipd fo a matching
conduct electricity to the ground trace 220, 170 and

set of hpndpads on thetsibstragen320t wWighiprtie/die behging @ad.r Thecbnnections
enbodi nent, the die attach adhesive 210, 130 can be

betlvaperppesinpvphins o1 tond pads iaqubnmonuﬁ%%& fhadé SRBNSRIer balls
conventional die attach adhesive. [29] FIG 3

330l l ustrates a cross-sectional view of still another
exenpl ary sem conduct or device 300 of the invention.
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substrate 320 within the die bonding pad. The _
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ball 380 E&ﬁlel:ﬁ&{é% g%untdpv%itflilni tRe ﬁrme?ﬁll layer 340, can serve as a ground

terminal during an over-voltage event. Advantageously, the voltage switchable
material used to form the underfill layer 340 can be injected between the
semiconductor die 310 and the substrate 320 by the same equipment used to inject
conventional underfill materials.

311  FIGs. 4 and 5 illustrate cross-sectional views of two additional exemplary
semiconductor devices 400 and 500 of the invention. The sémiconductor device 400
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 voltage switchable
material. The semiconductor device 400 also comprises an encapsulant 440 that
comprises a voltage switchable material and encapsulates the semiconductor die 410.
321  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
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sol der ball 330 to a bond pad (not shown) on the

. f [1 330 .
erRhE: Soloflses ST TG, < RERRS AR BB erPoripir dsise
an serve.as a ground inal durin n over-vol t age,
s SmisE bt aningn: Sehdeb G aneesmnichable ertia
used to formthe underfill |ayer 340 can be injected
angepgansilates shassemieendagior die d0e Ithg eathpdiments illystratad & FIGs.
320 by the same equi pnent used to inject. conventional
4 amidg ithe ¢dcapslarts 4405 540 Biknokth &y didleatrd tut bérive &t caaidact to a
cross-sectional views of two additional exenplary

pro£iffiaty siteia crotid 8asmgdibyvandode e9bntl MelcAVARLIAAR 440, 540
The sem conduct or device 400 of FIG 4 conprises a

' ' with
o O R AR b g T L B el
0 L.Se olta wi, t chabl e terial,. The .
o R b e IO by iR F S0 G s B oupeig e
440 _that conprises a voltage switchable material and
engapulang Ar0casertRacE FramEEgovaT-goliagg everipiAlygym this
sem conduct or device 500 of FIG 5 conprises a
emhodinaenidil greahe aitachsulbedive 430cioinmprisonaleoltage switshdide mateeial,
520 and an underfill |ayer 530 that in soneenbodi nents

the votpage se#clablombtgel sithe efvapdudantede chmbe eifhve the same or a
sem conduct or devi ce 500 al so conpri ses an encapsul ant

difféentVidtag € SRTEHabRSmateN4ll t age swi tchabl e material and
encapsul ates the sem conductor die 510. In the

e T T R
trace 53¢ istir? efegﬁ%la{fct:oélr%ul%cation with a grounded solder ball 560, in some
embodiments. In those embodiments in which the underfill layer 530 also comprises
a voltage switchable material, the ground trace 550 is optional as a grounded solder
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
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proxi mtely situated ground during an over-voltage
event. The encapsul ants 440, 540 can be applied by
wa@omwmskieonal nmet hods such as nol di ng and scr eREI/US2006/045206
printing. [33] In the enbodi nent of FIG 4, ?ny gzzund
) LS i ty,. he.encapu t .
vAERE ByaRbl e, ThoiRNG A b bSi Fa5E8k ERee Pitesion
in thi,s. enpbodi t, if e die attach adhesive 430
onp g P PR oy b dieiiotd R @omiah reomeEiBic dge
swi tchable material of the encapsul ant 440 can be
Aldhqughihe erabedimenighoyndn FiG Geineludes 2 seyeicenductraliy 620 wire
material. [34] In the enbodinment of FIG 5, a ground
banded & theGubissratrl (6, i moll ibel @dderdthed graothedeinicdadudbidit 20 ban
el ectrical communication with a grounded sol der bal

al&ahd fliprehgPBEnded o the KBt Site 410, tARELoRMPORY SABRteEntodiments an
whi ch the underfill layer 530 al so conprises a voltage

en%ﬁ}ish%@@é;(ﬁaﬂ%r%r igbsta eri&'*@ﬂ) dah3&H c% rfsé aQIBHé nal
all 56

as a grounded sol der 0 can serve &as groun

' ef- Vol t evient .S0.in the.e di nen
soff i o Bt RAERRITE e s Rucf -pfiy Bt be
vol tage switchahle materjal, the voltage sw tchahle
fel?nla?"é*ra‘?%ilil al&ffﬂtl?fﬁléﬁ%f%@é&% (i o oleo smpeing p vRkseer Hatchatie

or a different voltage switchable material. [35] FIG
magegigl] ystrates a cross-sectional view of still another

exenpl ary sem conduct or device 600 of the invention.
[3dIn tlhistll endtheli exeniplarp saniostiduator d61ide F00,rshbwe i@ cross-section

sem conductor die 620 is nounted to a printed wring

in BO@r T aG3fhiconahéter didl b s HiHQhRS B8 t&h SElsthed20. In this
connections between the substrate 610 and the printed

embodiment, some of the solder balls 730 are replaced by balls 740 comprising a

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  Inyet another exemplary semiconductor device 800, shown in cross-section in
FIG. 8, a semiconductor die 810 is attached to a substrate 820 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
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Wi ring board 630. As above, sone of these connections
provi de el ectrical grounding. The sem conductor device

weo@7abde2 i ncl udes an underfill |ayer 650 thatPCT/US2006/045206
conpri ses avoltage switchable material. The underfil

D B 1 S D Rl Rteigh hAORCRIE, SOl v RoRRkY
respect tg E%G ;0 Al t hough the enbodi nent shown in

Iwﬁ?%ﬁmgmﬁﬁcp 9980 ni conduct or die 620 wire bonded to
the substrate 610, it will bhe understood that the

B8 e Eosrrpnéaraial ver 80s dispossdoyenibe semisordgionshie  Hyandpover
the substrate 610. Additionally, in some enbodi nents

a giquedragesif0am the 6abstralg/830. &n thisway thecionfudimeklayer P0nakes
can al so conprise a voltage switchable material. For

cohtacpwithiapotnen dif ghund.hin dinee erhbalifnems RS tordomrd) 1aveu 8BS0 is on
be replaced with anot her underfill layer that could

théb&Rer 6PSPHIIIS $hidk.VPhd eiforiil 15883 (PodiBIeTbhAdd, FEr3&hmbIE, by
still another exenplary sem conductor devicé 700,

. S i -secti i n:_El ' .
e, SLOaR ARt bk, ThoferPaiB SE00HE bifeflicha
enmbodi pent ome. of the solder balls. 730 are repl aced
enpRgan] S e RRRRLBY eignETbTEda Sttt Be el srea
In this enbodinent the balls 740 are di sposed between
Prigging, fongsangpies Hevidldwivndergioed dhat theesemiepnghetos dig il P gomalso
720 for ground. Like the solder balls 730, the balls
be7lip-chinbdyded by the dulostrate#20s eis abomel e die attheh atb@sipe B30, or an
to flip-chip bonding by conventional processes such as
ungderfdelayqin i dage oftligidhipbadding, chials® bEmPRRANdRIBE Switbhable
encapsul ant 750 and/or an underfill layer 760 can al so
m&eiRrise 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 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 invention can be utilized in

any number of environments and applications beyond those described herein without
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[37] In yet another exenplary sem conductor device

800, shown in cross-section in FIG 8, a sem conductor
wolt@78d02t s attached to a substrate 820 by a dPET/a8108€H45206

adhesive 830. In this enbodi nent, an encapsul ant 840

conprises. .t | ayer.s, a, confo | | ayer. 85Q, conpri si.n
Ao Tk thstoadeh Tt Al PPt (08 seeciiilion dhf SHicgtig and
of _a conventional encapsul ant_di sposed over the, |, .
drawifies arf pcqosdiaglystage Ixegara‘ai a5 illpstrative satherrthen restaigtive. gt gyill
in place of the thicker encapsul ants 440, 540 of FIGs.
bedreaoghiZedribatitbetsrnh Scapeprisingy eindodingJeng Fbadng.” enusedtherein,
uses | ess voltage switchable material per
ar® epacifivatiy dlitondeday ibe eealGR opeB8jdedhnemmstfapy, mal | ayer 850
i s disposed over the sem conductor die 810 and over a
ground trace 870 on the substrate 820. In this way the
conformal | ayer 850 nakes contact with a source of
ground. In sone enbodi nents, the conformal |ayer 850
is on the order of 50 mls thick. The conformal |ayer
850 can be forned, for exanple, by inkjet printing,
screen printing, or painting. The second | ayer 860 of
a conventional encapsul ant can be fornmed by
conventional nmethods such as nol ding and screen
printing, for exanple. It will be understood that the
sem conductor 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
bondi ng, can al so conprise a voltage sw tchabl e
material. [39] FIG 9 illustrates a cross-sectiona

vi ew of yet another exenplary sem conductor device 900
of the invention. The sem conductor device 900
conpri ses
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a wafer-scal e package. The sem conductor device 900
i ncl udes a sem conductor die 910 having sol der balls
wO2@7ad6xapnsed on bondi ng pads (not shown) and BET/US2006/045206
encapsul ant 930 fornmed to encase the sem conductor die
910. Only the sol der ball Sprotrude t hrough the
encapsul ant 930. The encapsul'ant 930 conprises a
W}éo ta %y\ntchable material and is in contact with at
d8f ‘Sol der ball 920 di sposed on a bond pad for
ground. [40] In the foregoing specification, the
|tﬁ\$§‘ﬁtq0§ uGter desiee COBPESIBL h ref erence to specific
enbodi nents thereof, but those skilled in the art wll
rec mg«hiielcetricrsabsttataeinblmdhm ooné surfaot tHerevf} edictboadiag pad and
Various features and aspects of the above-descri bed

i nventi o }Eﬁtéhb}eoitkﬁﬁducttﬁ}@lttébébuahdly or jointly.
Furt her, i nvention can be utilized in any nunber

of eﬁéé'n’f@d]ﬂl‘ﬁ%? 4R ARt GRt i@ B&ncﬁ?%’ g&pwﬁc Qe att ch adhesive

described herein wt outdepartlng br oade

spirit and scope o eci tion

speci fi cat it ﬁlsglﬁc? %?E\W%?Sg t‘éha%gGC@?) ’8?]1’1816)}116 fifpcpgdhesive
regarded as il Iustr(ﬁﬁve rather than restrictive. It

will be regt Bgting & gondustive H@%Oéﬂh%plu@élﬁp?f egndyettve traces.

"“including," and "having," as used herein, are
specifically intended to be read as open-ended terms
of art.CLAIMS What is clainmed is: 1. A sem conductor

2. dbhd emicmdpetosdevice af cifiiml lewherein the Bt attatieadlivsivedi Rast
on one surface thereof, a die bonding pad and a

pl Urpﬁktﬁatlbyd@%rl@y%ﬁﬂ@@éﬂdﬁ@tﬁét@&%s and a seni conduct or
die attached to the die bonding pad with a die attach

adhesi ve

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

comprising 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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conprising a first voltage switchable material, the
di e attach adhesive contacting a conductive trace of
wo b@7fpbaieal ity of conductive traces. 2. The  PCT/US2006/045206

seniconductor device of claim 1l wherein the die attach
adhesi ve  at gast partially overlays the conductive

t SemicogductprdevicsicOBRESEor device of claim 1 wherein

the conductive trace extends between the sen conduct or

di e afiglechic syberginglvdingpan oneysurfase theseaichdigbendipg pad and

device of claim1l wherein the die attach adhesive

ext ends beylorality bfcatidectberidicesg pad to contact the

conductive trace. 5. The semnm conductor device of claim

1 f ug §dnsicoratmetor dii 4hgcledd t6 fisadis bbadihg padypndsi Ng a

second voltage switchable material. 6. The

sem &G USHLGSOR itk IbMg2 SHRNANIE nlalfial HaPbveAiél the

second vo tage switc hable materials are the sane.

sem cond u&e‘ﬁ% n%g\}ﬁjo? &ie Ca%HB{ eﬁét nggp; of thdeI 1e1%gthr 's&bstrglteé

substrate i nc €reo
bondi ng pad and a plurallty of conductlve traces; a
sem conductor die attached to the di e bondi ng pad; and

an encapsul ant conprising a first voltage swtchable

8. mHcesemFondysior dgdeq ofealaiphe wheeirba dervicondunter diis ajtached to
| east part of the dielectric substrate. 8. The

sem the detusindingded ivith odie attadhnadhesiber ei n t he

sem conductor die is attached to the die bonding pad
with a die attach adhesi ve.

9. The semiconductor device of claim 8 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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9. The sem conductor device of claim8 wherein the die
attach adhesive conprises a second voltage sw tchabl e

woraioesAak2 10. The sem conductor device of cl aP@T/8S2006/045206
wherein the first and second voltage swi t chabl e

erial.s or device
1P Sofiforiat S aaiBny oURTal B Saecti L5pr Sty 2
bonded to the d| e bondi ng .pad and the sem conduct or
devi weondiyelinge swsehabicsBaCH- underfill |ayer disposed

bet ween the di e bondi ng pad and the sem conductor die.
12. The sem conductor device of claim11 further
conprising a ground trace disposed on a surface of the

14 Ulisd degttioranctot devieadfatdimwi X Whérbia the fiegp and seebnd Boltapbe
senm conductor device of claim 11 wherein the underfill

| ay e§wik @Ak insRsriAs S8TRGmE0! t age switchabl e nateri al .
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

ielectri ubstrate including, on one surface
lfh&S%‘BFOH‘g %‘?edseﬁf@ﬁ&f)ﬁ]@nﬁﬁg i ncl udi ng a bond pad for
ground; a sem conductor die flip-chip bonded to_the
di e oisleckty syhsirasgingluding an pn{:/susfa% éhea@?rf paic|bonding pad
ball formed of a first voltage swtchable material,
di sposed inelwligra bdnd 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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sem conductor die and the substrate, and contacting
the bond pad for ground. 16. The sem conductor device
w@boocloediz2 15 further conprising an encapsul ant PCT/US2006/045206
conprising a second voltage switchable material.17. A
sem conduct or device conprising: a dielectric
175 dpssmrigenslupiqs feNd PP  bondi ng pad on one surface
t hereof; a sem conductor die attached to the die
bondi digjeq@ed sulmtrateancladiog pslid bondingwadati ong sarfpee thereof;
conformal |ayer conprising a first voltage sw tchable
mat ersemliconfiadtocdishiidiied tothe ke bedirgopdyatdr di e and at
| east part of the dielectric substrate, and a second

| ayen ohBpsuaNEhtugsgt he first conformal layer. 18. The
sen conductor device of claim 17 wherein the

seni conduct or di e, i cﬁ{nta?fé%xdco&r?prfsﬂ% S8t bAngk RaiPRble

with a die attac éé%ﬁeswe conprisiimg a seco vol t age

switchable material. 19.. The sem conduct or device. of
claim 17 wherein tﬁ’@atgféﬁh’%ﬁa?@%? %o‘?“é Sgraicpp 1P)::[Oc,rﬁillepand at
bonded to the die bondin ad and the_sem conduct or
devi ce further conﬂ?qs’SE@a‘g the digdsetriq substigieratdonpr i si ng
a second voltage swi tchable material disposed between

t he di e bondi rgepanl layat thitevedies terfitsictonforiablager. A
waf er - scal e package conprising: a sem conductor die
including a plurality of bond pads on a surface

t hereof, at

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.
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| east one of the bond pads being a bond pad for
ground; sol der balls disposed on the bond pads; and an
wep@apeaibant conprising a vol tage switchabl e nBCBUS206/045206
gnf?sang t he sem conductor die and contacting a sol der
i a I sposed on the bond pad for ground, the sol der
20. bAlwagerpacale packiagg cCOBMPBHEE t he encapsul ant .

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 balls protruding through the encapsulant.
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