| C DI E POAER CONNECTI ON USI NG CANTED CO L SPRI NG
Field of Invention This invention relates t ckagi 20w Ges
pOBEELe 5

f 6r sem conductor die in general and nore specifica ¥i ca
conductors for connecting a sem conductor die to | eads contained in a

sem conduct or package substrate. Backgr ound

Sem conductor devices or die are typically contained within a |arger
housi ng or "package" which provides mechani cal support for the

sem conductor die also protects it from physical damage. A typica

sem conduct or package i nclifdégEaRO@ERLEINEEAION YEAE ve t he sem conduct or
die, commonly referred to as a CAMTEMOBROIANYPHINGpPr ovi ded with one or nore
(and typically tens or hundreds) of |eads or circuit paths which allow the

sem conductor die placed within.the wendow aof. the package to be
gﬂﬂ*ff#ﬂrngésj%oc

el ectrically connected to |ead ated on exterior portions
of the package. Thhe risuintleg seslat®@sdue? opagkaging aslssibey (fiore., the

package and dig); nt a it | nt hcyist board
(PCE) by any o D e Ll v 1 Ehe oy Lo

Sever al ~ di f f étlafit iEghogeNAEG O I &0 rd 69BN BPET Do Pe FEPRECYRGF LT flie

el ectrical ly conReel EBSt¥HdLUS hNPhi MndRkBH pddidde babBEPALS, Or " pads”
on the sem conductor die to the correspondi ng | eads provi ded on the package

substrate. For exanple, one nethod, generically referred to as wire
bondi ng, individually connects eaclsaekqtbend/ O pads on the die with the
various | eads provi ded on the package wth a very fine.wre (e.g., Wwre
havi ng a di anet er “6PL5BRMHELE HEEHS Qﬁ'd§8)?rﬁTﬁgﬂﬁcﬁgéya?%Péﬁﬁﬁ%Qd or
wel ded, one atitditi ne, Iardele Padsingn bhe “perkegadusthdichdi grandiesn t he

package substrate usind g spectal f,90L.n U5 %2 JBI9TSQT pR AR | ary, and

it from physical damage. A typical semiconductor package
includes an area sized to receive the semiconductor die,
commonly referred to as a “window” and is provided with
one or more (and typically tens or hundreds) of leads or
circuit paths which allow the semiconductor die placed
within the window of the package to be electrically
connected to leads or terminals located on exterior’
portions of the package. The resulting semiconductor
device assembly (i.e., the package and die) may then be
mounted to a suitable printed circuit board (PCB) by any
of a wide range of processes wéll known in the art.
Several different methods have been developed over
the years to.eiectrically connect the various input or
output (I/0) £erminals or “pads” on the semiconductor die
to the corresponding leads provided on the package
substrate. For example, one method, generically referred
to as wire bonding, individually connects each of the I/0
pads on the die with the various leads provided on the
package with a very fine wire (e.g., wire having a
diameter of about 18 microns or so). The wires are bonded
or welded, one at a time, to the pads on the semiconductor
die and on the package substrate using a special tool,
such as a wedge or a capillary, and a combination of heat,

pressure, and/or ultrasonic energy. These processes are
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pressure, and/or ultrasonic energy. These processes are

2 generically referred to as t her nroconpressi on or thernosonic
bondi ng. Al t hough the wire bonding process was originally done
manual |y, with the operator's skill controlling every aspect of the bonding

process, it has progressed rapidly to a fully automated process as the
density of I/O connections has increased. In the automated w re bondi ng
process, an autonmatic w re bondi ng nachiZne senses the | ocations of the I/0
pads on both the sem conductor die and the package substrate and then
automatical ly connects the appropriate pads with the fine wire. Such

automated wre bongéfr:l[g}/ procgsses ar -dev%l 0 %d and havoe kegt pace w t.h
the ever incP83SFhe Huber *6F Echne |on§san ARIRGEbond pad”si zes on

the seni condubtonosibreic bHeodieganple, it is not uncommn to bond

sem conduct or di €5 UI A 300 ¢ ctions an
alternating pering Lgon I ngmpraadgo{}m i 6’58’3 gewsasagrgﬁar\{mna/s\géagx 50 [err]

(2 x 2 ml s)m\afntlhllﬁ)o fréch] t@é m;ieac)atbetweesrkldmm rawntyadlieqt every Q her
t echni ques th% pe Lgseod 8§ Sﬁ”'scsa,l nY t%gg ﬁ}gé%%g%esderpa%%ggct or die

to the package Substrate incl ar‘e no ut omat ed
bondi ng (TAB)iOpra)CéslééS! am:d:oalayedf rrogasisetds othehalanewdy sot- &4Pled "flip

chi p” proceS%ﬁnecuon\é%si Ja2e8901 A9 RV oﬁBEQ&thé”b%%di‘H&I met hods

for electrically connecting the sem conductor die to t various” | eads
provi ded on PHecpazkage fubsrphie WHrk wenfiagdmackipei Agnesedtbeonti nui ng

devel opment s bR, Né e &t %&lf@lgad%eehngbesytﬁé s ERSdtdduRB ok Naie
sem conduct or d| e having an ever "i ncreasi ng nber of 1/0O pads as wel | ever

i ncreasi ng aABdsUBSRAWPEP BUhTiERte a@amwtgmatlmlse%?é?% 40 wat t
devi ce operath80agbr&MQtleS pa89ULI €S the fine wire. Such automated

wire bonding processes are well-developed and have kept
pace with the ever increasing number of connections and
shrinking bond pad sizes on the semiconductor die. For
example, it is not uncommon to bond semiconductor die
requiring 300 connections and having two rows of
alternating perimeter bonding pads with pad sizes as small
as 50 x 50 pm (2 x 2 mils) with 100 um (4 mils) between °
on-row pad centers.

Other techniques that may be used to electrically
connect the semiconductor die to the package substrate
include, but are not limited” to, tape:.automated bonding
(TAB) processes and any of a variety of the newer so-
called “flip chip” processes.

While the‘foregoing device architectures and methods
for electrically connecting the semiconductor die to the
various leads provided on the package substrate work well
and are being used, continuing developments in integrated
circuit technolegy are resulting in semiconductor die
having an ever increasing number of I/0 pads as well ever
increasing and substantial current requirements. For
example, a 40 watt device operating at 5 volts requires 8
amperes of supply current, whereas the same device

operating at 2 volts requires 20 amperes of supply



anperes of supply current, whereas the sane device operating at 2 volts
requi res 20 anperes of supply 3
current. Since nost die architectures require that such power be provided
to the die at |ocations near the center of the chip, and not at the

peri phery, where the 1/0O bond pads are typically located, it has proven
difficult to provide the required high current supply paths. That is, since
the wires used in the wire bonding prodess are extrenely fine (typically
about 18 microns in dianeter), a single wire cannot be used to carry the
high currents required by some of the newer, hi gher power ed

sem conductor _di e nmet hod that has been used in t to

. . One ( h t
over cone t hEUFTTRY ed SREFORP® bl 11 HETAbPLFESE T4 e TBonb i PR s Lo
utilize a ppowent idey ppbvidi¢ecathangesl dth lparaided denrpraei dentedundant

supply currept_and,ground, paths_f t he .sem_conduct or,_.di e. il e such
paral | el red hﬂghf*afriﬁ@FtQ§ﬁ1ﬁFqgé% Bitfe P FéCtﬁk%f_|Egﬁ1§/9x%%?$onal
st andpoi nt , padieyarequypecaidy roedwedantitbbad padvent d$ffiildh teduces by a

| i ke amount thvei wnher o&upr%réd Qagl 1|ut es .y, il Iea Qr deyice; /Q O her
pr obl ens r PTG 6t haTlise OP ALl ipleTreée thdart® borid w res i supply the
opfar?jti ngt ceiment the wheedi asedclindethebuvieg eboding nprecksso, apr obl ens
relating teo i . i €W j i e, signal

ek €5Lmd1 efl%%"‘ﬁgyéf«?a?glt%s _a%ohle 1%1;6?%0%%@1 g@%ﬂ%@% 9

cross-tal k, "and capacitanc devel oped
"flip chipd sprobesser aasnodr heeusedretofcatiy fideeddiohgCprodhehs by

provi di ng spgﬁﬁfge&ﬁe?§o-ggﬁgag%fcomg§§tiQ@§3r§ongigﬁeghepgagg@dare of f set
by the consequent difficulties the flip chip architécture inposes on the
Wi ring cont @¢meePndnateg faekage substrate.  That is, it is still necessary

to provide a relgid vek¥od &R 6hsBddn PBEA 1rtBegPasbhedogBkyome

the limited current carrying ability of the bond wires is

to utilize a plurality of wires arranged in parallel to

provide redundant supply current and ground paths for the

semiconductor die. While such parallel reduhdant wiring

techniques are effective from a functional standpoint,

they require many redundant bond pad sites, which reduces

by a like amount the number of bond pad sites available

for device I/0. Other problems relating to the use of
multiple redundant bond wires to supply the operating
current to the die include, but are not limited to,

problems relating to resistive power losses in the wires,
high inductance, signal cross-talk, and capacitance
effects. L

While the’ newly developed “flip chip” processes

ameliorate some of the foregoing problems by providing
shorter die-to-package connections, some of the gains are
offset by the consequent difficulties the flip chip
architecture imposes on the wiring contained in the
package substrate. That is, it is still necessary to
provide a relatively large circuit path through the highly
nested wiring contained on the package substrate in order
to provide the required power and ground connections to

the face of the semiconductor die. Another problem is



nested wiring contained on the package substrate in order to provide the
required power and ground connections to the face of the sem conductor die.

Anot her problemis 4 that flip
chip processes typically require specially designed fabrication devices and
jigs which are not currently wi dely used. Consequently, a need renuains

for sem conduct or package assenbly capable of providing the relatively the
hi gh currents required by sone of the newer, higher powered seniconductor
devices while at the sane tinme mnimzing resistive power |osses, as well
as problenms resulting from high inductance, signal cross-tal k, and

capaci tance effects. that.are typi I | at L r avai |l abl e
par al | el boﬁga&ﬁr%ﬁﬁ}cﬁ%%éc#ﬁ?égéggéd¥??§§§ﬁigdéﬁﬁp%égs%%%ﬁﬁgﬁg achi eved
i f such an depigued padkigetassedevycepulahdoe]fabrivdachd avwe hnetirrently
avai | abl e sem t.or c fabrication devices and jigs.

Summary of ?Egggﬁgg%t§%ﬁ§¥§ Eg%g'seniconducpor die according to the
present inventi oBomegqusntpyi seda yeerkr atdmpipsanier susRtFENEURA9FNg a _
contact pad Qeﬁh&éogggemjfa% Bbiéto@;sifoﬂfdiheetﬁ@n}&mwlgr tdee. A coil
spring is aFLac ed to the congact pad on the Sem conductor die so that the.
axis of. thBigbi |cwemg i seqyddefally paral [9dl ERe t ReVeTr s1gP8E of the

sem conduct ghwli8d semiBon8EMIHONEEis deNiLe asselrd ysassordinag to the
present invention pay-conprise a sem conductor die haV|n%Bg%%least one
I

contact pad™tRéPEEhNGnges Pelciea P SEbsISECE haTi G lalS €M8ne | ead

pad thereokesultihg¢ fpagkagghsuhaticedmrd,s sigad tardseecealk, t had

Seniconductggpgggtggge effects that are typically associated with
currently available parallel bond wire architectures.
Additional advantages could be achieved if such an
improved package assembly could be fabricated with
currently available semiconductor package fabrication

devices and jigs.

Summary of the Invention

A semiconductor die according to the present
invention may comprise a generally planar substrate having
a contact pad positioned on the first side of the
semiconductor die. A coil spring is attached to the
contact pad on the semiconductot die so that the axis of,
the coil spring is generally parallel to the first side of
the semiconductor die.

A semicoﬁductor device assembly according to the
present invention may comprise a semiconductor die having
at least one contact pad thereon and a package substrate
having at least one lead pad thereon. The package
substrate is sized to receive the semiconductor die so
that the contact pad on the semiconductor die is
substantially aligned with the lead pad on the package
substrate when the semiconductor die is positioned on the
package substrate. A coil spring is positioned between

the contact pad on the semiconductor die and the lead pad



that the contact pad on the sem conductor die is substantially aligned with
the | ead pad on the package substrate when the sem conductor die is

posi tioned on the package substrate. ™ A coil spring is positioned between
the contact pad on the sem conductor die and the | ead pad

5 on the package substrate so that the axis of the coil spring is
substantially parallel to the contact pad contained on the sem conduct or
die and the | ead pad contai ned on the package substrate. Al so

di sclosed is a nethod for connecting a contact pad on a sem conductor die
with a lead pad on a package substrate that conprises the steps of:
Posi ti oni ng ac®ofhesprfheghasiprf rttel eosttioie thei |axrF tdfe Eomtaetl pad on

the seni condughpindi 85 Psasdtigcti B 5eH6an9uEt ary ditﬁeadcio%g%k thiey package
substrate so that the coil spring I's substantially aligned with the |ead

pad on the paeRRiginathser attée uFeRiggnaHeteeniddiendind okthdi deadd pretkage

substrate togesielided eAMPRESSadkageClibsEPIddNg and create a pre-|oad
condition; and holding the sem conductor die in a fixed position with

respect to the packggeddipsesed 6@ FeH8InbPht GFH AT "Er - FBREREondi ti on.
A nethod for pad Mo asaidonSpEtHy @k avidNiAQleapagaacenr di pgckayd he

present inventi.o onprise the steps of: Attaching a_proxinel end of a
wire to the c%‘ﬁﬁ%cftg%éaﬁ?%‘iﬂ“%lﬁﬁ% WEPeStieﬁstﬂ egg%ﬁ]ré‘r?é’ilgﬁaf‘ ke to
produce a firspriog havihg 4t rehscodhe exdiandnnghgetettaldty padt wvarthey from t he

a: i hing the wire to the. t pad. ..
(Izzﬁ?infa?cfi)eggri p (%}Tgir?oo%hf%ﬁ(é%n éa\Mt Hgag“lrﬁge tl*% 5§ﬁ?§$€é‘ggta?fg%dFeggﬁ?T§Ptpr eferred

enbodi nent s of!e t rmckagent salpstarateshewn that hettaccarpanybpgicg awiang in
whi ch: substantially aligned with the lead pad on the package
substrate; urging the semiconductor die and package
substrate together to compress the coil spring and create
a pre-load condition; and holding the semiconductor die in
a fixed position with respect to the package -substrate so
as to maintain the pre-load condition.

A method for forming a coil spring on a contact pad
according to the present invention may comprise the steps
of: Attaching a proximal end of a wire to the contact pad}
moving the wire in three-dimensional space to produce a
first coil, the first coil extending generally outwardly
from the contact pad; and -attaching, the wire to the

contact pad.

Brief Description of the Drawing

Illustrative and presently preferred embodiments of.
the invention are shown in the accompanying drawing in
which:

Figure 1 is an enlarged cross-sectional view in
elevation of a portion of one embodiment of the
semiconductor device assembly according to the present
invention; |

Figure 2 is a plan view of one side of a

semiconductor die showing the positions and orientations



Figure 1 is an enlarged cross-sectional viewin elevation of a portion of
one enbodi nent of the sem conductor device assenbly according to the
present invention; Figure 2 is d@ plan view of one side of a

sem conductor die showi ng the positions and orientations

6 of a plurality of contact pads forned thereon; Figure 3 is a plan
vi ew of a package substrate show ng the v ndow and the positions and
orientations of a plurality of |ead pads fornmed thereon; Figure 4 is
an enl arged cross-sectional viewin elevation of a portion of a second
enbodi ment of the sem conductor device assenbly according to the present

i nvention; of #Fimurmlstiysoncemartgpdder begresethieonah; view in el evati on
of a portion of a f%if% egbqglmynﬁlga BQQWSQ&'CQ“?HE&Q&ed%ﬁb§€r§§§GWb|y
according to the preSent Inventio s a plan view of one
side of a senﬁb@%mfl:t'@e diiadpraveng e gaséthane %ﬁfq* agemeat iors coht act pads
formed thereop. piyrality of P@é@oé% @ggﬁgap@ﬂé}@ogf the I nvention A

sem conduct or deV| ce assenb according to one preferred enbodi ment of
the present inventfiHisges ﬂ)e§{5 s¥enePhargRflir 6503S FEGTdORaY ORIt a

sem conduct or ¢ e tlZoVhb £h aMBe R oRT @ Aeds¥dddy OB I inERte SONtiget pads 14
thereon in order to provide electrical power to the. sem conductor die.

The seni conduE?’B%C%‘E"\iH‘i%’rasdfé’rﬁ‘}ley aRFeRRYY aRSEOT MU dR® tB‘écPéﬁﬁe%
substrate 16 havémgich;recessed area or "W ndow' 18 therein that is suitable
for receiving the senm conductor_die as best seer%llogafl ure 3 The

package or substrat®UeE nay e P oFP %jag t R*3RE SeC

elevation of a portlon of a third embodiment of the
semiconductor device assembly according to the present
invention; and

Figure 6 is a plan view of one side of a
semiconductor die having an alternate arrangement of

contact pads formed thereon.

Detailed Description of the Invention

A semiconductor device assembly 10 according to one
preferred embodiment of the present invention is best seen
in Figures 1-3 and may comprise a semiconductor die 12
which may be provided with one or more contact pads 14
thereon in order to provide ‘&lectrigcal power to the
semiconductor die. The semiconductor device assembly 10
may also include a package or substrate 16 having a
recessed area or “window” 18 therein that is suitable for
receiving the semiconductor die 12, as best seen in Figure-
3. The package or substrate 16 may be provided with one
or more lead pads 20 thereon which are sized and
positioned so that they will be substantially aligned with
the contact pads 14 contained on the semiconductor die 12
when the semiconductor die 12 is positioned within the
window 18 of package 16.

Each contact pad 14 provided on the semiconductor die

12 is electrically connected to the corresponding lead pad



or nore | ead pads 20 thereon which are sized and positioned so that they

w Il be substantially aligned with the contact pads 14 contai ned on the

sém conductor die 12 when the sem conductor die 12 is positioned within the
wi ndow 18 of package 16. Each contact pad 14 provided on the

sem conductor die 12 is electrically connected to the correspondi ng | ead
pad 7 20 positioned on the
package or substrate 16 by one or more cbil springs 22. Each coil
spring 22 nmay be essentially identical to the others and may conprise a
continuous wire 24 having a proxinmal end 26 and a distal end 28. The wire
24 may be heIKﬁhhkyﬂWQUnddapoumdeapapkémg @xi sul3kdatea lgabgewonsi wil ar to

t hose used to e SRIINgS n rr enhodi nment ,
the coil Spflﬁ%g%b ggpy gkfg ﬁed%&bn tﬁ%K?l ¢°%§ gggbn e%?ldﬁ %?re
bondi ng machi rﬁesS(erm@tlaéhmmgienHmvero ihe mﬁarserm@dlmmmtom@frlﬁhea

[ nvent ion, t he,pilngy 22, BY Je raenlos nerb it el batelq af lached to the

cont act pads 14, as w cri in greater detall bel ow.
general |l y preﬂ%%#eﬂ3 buffhpowireqdidr &gy ﬂhatméﬁéﬁléwrNﬁgnQZaEQU&@tached to

the contact pag kg OExEBe:sée{H %%‘rﬁ%?r s%?lé@ tAhesBatidelns fohg spring
22 coul d be attached to the | ead pad 20 on the package substrate 16.

If the coil sEIMEE2oPalteribe FEHAREE- " ofD t PRR fRLPTERYed SR IBERE ng

machi ne (not sh@w)eifhe frhﬁ?t Bt eRay N HeherSRKdN O™ bRLHAANG 1R7 008BSai S tO
attach the proxi mal end the wire 24 to the coBtact pad 14 on the

sem conduct or HEELS 100 %ﬁRSGQﬂQFIQHdm?%h%ﬁetQQQth 8“?%-rnﬂ?%ﬁ¥e£ttached to
the contact padh béehaecemﬁwtgnetrftsaw eﬁavmvammnpr@ﬁesspmkmom maythe wire
bondi ng. Ther 651 PEF: TOREL AR Far ST ShORRTe ot REou TEHondP R machi ne
is noved in thMeeadlmnm$|basdescnmbees$argreaténndmmhhe beXst. | dapier

generally preferred, but not required, that each spring 22

be attached to the contact pad 14 on the semiconductor die

12. Alternatively, the spring 22 could be attached to the

lead pad 20 on the package substrate 16.

If the coil spring 22 is to be formed “on-the-fly” by

a wire bonding machine (not shown), the first step in the

spring forming process is to attach the proximal end 26 of

the wire 24 to the contact pad 14 on the seﬁiconductor die

12. The proximal end 26 of the wire 24 may be attached to

the contact pad 14 according to any convenient process.

known in the wire bonding art, such as, for example, by

thermocompression or thermosonic bonding. Thereafter, the

capillary (not shown) of the wire bonding machine is moved

in three dimensions as necessary to form the first loop or

coil 32 of spring 22. This first loop or coil 32 may also

be attached to the contact pad 14 on the semiconductor die

12 (e.g., by thermocompression or thermosonic bonding), as

best seen in Figure 1. The wire bonding machine (not

shown) may continue to form the individual loops or coils

34 of spring 22, attaching each individual loop or coil 34

to the contact pad 14 on the die 12 as it is formed.

After a sufficient number of coils 34 have been laid down
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coil 32 of spring 22. This first loop or coil 32 may al so be attached to
the contact pad 14 on the sem conductor die 12 (e.g., by thernoconpression
or' thernosoni ¢ bonding), as best seen in Figure 1. The wi re bondi ng
machine (not shown) may continue to formthe individual |oops or coils 34
of spring 22, attaching each individual |loop or coil 34 to the contact pad
14 on the die 12 as it is forned. After %ssufficient nunber of coils 34

have been | aid down 8 on the
contact pad 14, the wire bonding machine may break the wire 24 after the
| ast bond, thereby formng the distal end 28 of spring 22. As will be

di scussed i n gfeEtercopéaat| park|ldw, the wiregdwadang ynaslemer ped, PHetK not

required, to fREMtiRe NN NELd2 SR LA tHENYAT LRMSeISP! kSrdthd hereof are
canted or angled in the sane direction with respect to the spring axis 30.

That is, as uSedtHereih2® PReSREYE 2€anted” refers to spring configurations
wherein the coils B4 wna deWayschsedd ned great 82 GaE 1divegetsi optwid h respect
to the spring axis 30. So canting t he sprinq 25 allo it.to be nore easily
conpressed i ndEheFaranoveFeEraf r BEEi Bt (HSHEE e d Dyt T SRCAFF T her eby

all owi ng the 3prisgtRatt @hbe vaphicus 03dels gur thgrassentd yeafitddeor

sem conduct or _deyi ce, assenbly 10.. Such pre-loadi ng, of t spring 22
ensur es t hat %ﬁ%ls?(gnﬁ at saﬁ¥’]e (Siflrfeﬁgl?rhd‘f’\ﬁrﬁfaﬁsl’@gitl §°3%g8f Qgﬁﬂg’%g 22 will
make contact akis Bhe | errchtpaik 20a®nuséd packhnge shbsteane“Ebntédrer eby

i nproving ele [cal, perfqQrman . Afte he. desired. r_of springs
22 have been %%#éfr%% téﬁcfpsrg(r:lar 8§g§%g‘ﬁ$é:l\c/’é%i %ﬁésreclonn?%lc?t %%éggn‘gg %?et he

seni conduct oratvayslAncilihsed eim dhredasnordidiesti2nmuitberaapestetot the he

package substigle,dlG.kg 591 mIheaconpl el 3euhgopsluptl,deyi gs gesenbly 10

according to the present [nvention. Br nounting process may
i nvol ve the sheke ofedsidst geapragsede idi ethe whramgvanse wolageatien of

(indicated by arrow 44), thereby allowing the spring 22 to
be “pre-loaded” during assembly of the semiconductor
device assembly 10. Such pre-loading of the spring 22
ensures that substantially all of the individual coils 34
of spring 22 will make contact with the lead pad 20 on the
package substrate 16, thereby improving electrical
performance. '

After the desired number of springs 22 have been
formed and secured to the various contact pads 14 of the
semiconductor die 12, the semiconductor die 12 may be
mounted to the package substrate 16 to form the completed
semiconductor device assembly 10 according to the present
invention. Briefly, the mounting process may involve the
step of first placing the die 12 within the window 18 of.
the package 16. See Figure 3. Once the die 12 has been
properly positioned within the window 18, the springs 22
will make contact with the various corresponding lead pads
20 provided on the package substrate 16. Thereafter, the
chuck {(not shown) that is used to position the die 12
within the window 18 also may move the die 12 downward
slightly (i.e., toward the package substrate 16) in order

to slightly compress the spring or springs 22. So



t he package 16. See Figure 3. Once the die 12 has been properly positioned
within the window 18, the springs 22 will nake contact with the various
correspondi ng | ead pads 20 provided on the package substrate 16.
Thereafter, the chuck (not shown) that is used to position the die 12
within the w ndow 18 al so may nove the die 12 downward slightly (i.e.
toward the package substrate 16) in ordergto slightly conpress the

spring or springs 22. So 9
conpressing the spring or springs 22 produces the spring pre-load referred
to above. A suitable die attach material (not shown), such as epoxy,

then may be i gjompredsimg cchehepspageobesmpiaryst RE giredugesaniha @rgagkage
substrate 16 i eQﬁQQH tféﬁ%%?!&etkheagh9e12 tq tgl@_]h g@ggléug&_F ate 16 and
I

to maintain the spring pre- IS point e remaining 1/0 pads (not
shown) cont ai fédeshal hgodeapevhdudueh éFeeH@wha}hEG By dehedh e tere

appropri ate | gads (@hoo sigke SR oMidedian 1he sackage subshigte 16

according to any of a w de raqg processes (e.g., wire bonding) that are
wel | -known i nsuhetapte 16 inpox %utfq Sartradiihidge 18f tPhe HRBSEATei nvent i on

is that sol Ve%ubB@rM&Q'@Hthtd)ﬁr@\ih@hﬂg @lehlsgblﬁglrprx@itloaat h 410 t&is
sem conduct or diie, but w t hout éQU|r|n he use of nultlgle i nput / out put

pads on the dPELPbs prifirgBLRES ddCnbaft ((ﬂf?ltr EREWINatWLCRLYRT rBY HP6r hi gh
current Opera@bﬁﬂcon&@ﬂhﬂﬁﬁhﬁﬁﬂﬂﬂh@@eb@fa&h@cﬁé@SEGttm@vﬁﬁﬁﬂdﬁtlbﬁethat t he

coil springs 22 _yse o pr p t he sem con tor die may
be positioned &f ﬁng %%th g gf%%ﬁﬁ%ﬁ ghﬁlgaiga%%é? ﬁ@ fower is
required. The 1ab|alcr:bydimg Im:aetrfy tdfe aelwdeter |real;ecof|npr:<b¢msat(et kose

portions of tggrgegggg dle‘ngy %Qg g r. 5§treqU|red reduces the
i nductive, signa cr oSS 1 probl ens ."that are typically

associated with Iohgsvmmxfﬂammy.aahent&geuqﬁuﬂh¢ shesenturmenttipat s, as wel |
as that solves the problem of providing a high current path
to a semiconductor die, but without requiring the use of
multiple input/output pads on the die to :provide the
redundant current paths required for high current
operation. Another advantage of the present invention is
that the coil springs 22 used to provide supply power to
the semiconductor die may be positioned at any convenient
location on the die 12 where the power is required. The
ability to locate the electrical connections at those
portions of the semiconductsér 'die where the power is
required reduces the inductive, signal cross-talk and/or
noise problems.that are typically associated with long
wire runs. The relatively short current paths, as well as
the large number of parallel current paths, that are:
provided by the spring coils also reduces resistive power
losses. Still yet another advantage of the present
invention is that the springs 22 may be formed “on-the-
fly” by conventional and readily available wire bonding
equipment.

Additional advantages associated with the present
invention include the ability to move and remove the

semiconductor die 12 with respect to the package substrate



the L arge nunber of parallel current paths, that are provided by the spring
coils also reduces resistive power | osses. Still yet another advantage
of* the present invention is that the springs 22 nay be fornmed "on-the-
fly" by conventional and readily avail able w re bondi ng equi pnent.

Addi tional advantages associated with the present invention include the
ability to nove and renove the sem conductor die 12 with respect to the
package substrate 10 10 16. For
exanpl e, the arrangenent of the springs 22 and | ead pads 20 all ows the

sem conductor die 12 to be noved by a substantial amount wth respect to

t he package sdBstr&fPé 852094t Sl [2rranaeaent Rod e eftingal 2¢ofbéct . That

i's, the presenbabnygedd i AN d10dusesnt heerdd dORIRAL L @l £TBNGR LeJWbyed by the
power connections, thereby allow ng the sem conductor die 12 to be

posi ti oned onP¥he? pSEREER Sidst PPN 6WHbEBed SSReFhe | i ERPreRECKRYRI r enent s

of the 1/0 padapstadden o hast the1al ngnneain re@d eegent scaf doheapower and
ground paths.gggrther, the spring contact, metho availgble with the present

i nvention al | BR8%t HEdi BN 2PEGSHE® r ARBGRUEHhdFBFUTEHoSI e SHEd ™ RERY ti mes

W th respect teolehen@ackageisedstbiatend 6 powbiclromgcheéonequithedeloy

desirable in certain plications. . Havj riefly described the

seniconductorag‘ré(\}/‘i’%:]n 3@?@ﬁ%?§pﬁﬂé59§§rmgf$h%%q%b%% B?S¥#%?q%gr8ns?%%ificant

features and mdvaagagesistdatevasi base@nbodirenrtisgohenherespriirenadust or

devi ce assenblies, aGoRf dLBY, LA 4R PLESAN. LOYANdQN Ubl daW.Reoflescri bed
ng wth the des

in detail. However, before proceedi crirption, It should be
noted that th&heepavesemdarguotopathe” dnided, heheisprigercsntact silicon

or other sem GopdYetRM119b 89 ALSd thbMCHiden®! i nedigiont BRI owORKRI BSe Ci rCUi t Ty
and bond pads_on one or nore sides ot the sem conductor die.
The term "sehfcdiduet oremoyedj ead/onsgerpsitionadefpgny times yheh

respect to the package substrate 16, which may be required
or desirable in certain applications.

Having briefly described the semiconductor device
assembly 10, as well as some of its more significant
features and advantages, the various embodiments of the
semiconductor device assemblies according to the present
invention will now be described in detail. However,,
before proceeding with the description, it should be noted
that the term “semiconductor die” as used herein refers to
a silicon or other semiconductor integrated circuit ox
“chip” that contains circuitry and bond pads on one or
more sides of the semiconductor die. The term
“semiconductor device assembly” refers to the
semiconductor die and the associated package that contains.
at least the semiconductor die, including any external
package leads, pins, or balls that may be used to connect
the semiconductor device assembly to a socket or to a
printed circuit board. 1In addition to the architecture
described above, the semiconductor package may also be
configured to receive additional circuit components, or
even other semiconductor die, such as is the case with the

so-called multi-chip module {MCM) architecture.



sem conductor die and the associ ated package that contains at |east the
sem conduct or die, including any external package |eads, pins, or balls

t hat may be used to connect the sem conductor device assenbly to a socket
or to a printed circuit board. In addition to the architecture described
above, the sem conductor package nmay al so be configured to receive
additional circuit conponents, or even other sem conductor die, such as is
the case with the so-called rrulti-chipll nodul e (MCM architecture.
Consequently, the present invention should not be regarded as limted to
the particul ar package configurations and architectures shown and descri bed
her ei n. Wonlsetthent or.egbkngrasemsi devett iomns should met beeregarddidnent 10
of a sem condugt ar. Lece a i t i ! - may
conprise a gelr%lcesraﬁmg%\é}jaggr %éggpé%%%&mggf p(ﬁtg&% Egg#%%u%stfli%rngt @gg | ower
surface 36 andrghiseohdrey aneper apdrderari®8d herghoul d be noted that the

terms "upper” and jkoper(, as used, ey eida,a%BeF ol Aldveihermmen! ynand refer

to the orientations of the surfaces Shown in the appended draw ng. Since
ot her ori ent attfeRg1iALRL pbE st sempeondueior daydre amsiemilones” PeEdul d not

be regarded asekehMihi #4ghbesi Ve AP hayh@rpeRLE0RdYskOFa1dive phangRy be _
provided with one or nore contact pads 14 on the |ower surface 36 which, in
one pref erred SEABEAPHRAROT e 43 1NaYdBIt 8 BL5FT der phwsT s i§FBudf pat hs

for the circuightlyacoatadided wppdheuseatsgrlucterskihfdlBe nothRe thhgure 2.
The cont act pggs 14 prqvi ded, on h‘it"l( ower surfacSl 36.0f die 12 r,rag be
metal | i zed ac¢OFdFfRE™t o L@Prerfen?“‘%r ¥ele PR GIFePEEEIPr ARG FELAN LY
electrically cemdgcbhig sndfocfer BoneRe adyidfta ivheeor attge wfrfaetal s and

nmetal alloys _may be used to fo t.he retallj,zed contact pads 14 contai ned
on the seni cor?&ﬁ%:/’f’orlndl e laz?pet"ﬁ{gg]pfi@%‘éh?g‘l nvelr?ﬁeoﬁggﬁﬁu?ﬁp?gtatﬁgnfegar ded

as |imted toaamypossible, the terms “upper” and “lower” should not be
regarded as limiting the invention. The semiconductor die
12 may be provided with one or more contact pads 14 on the
lower surface 36 which, in one preferred embodiment, are
utilized to provide power and ground paths for the
circuitry contained in the semiconductor die 12. See
Figure 2. The contact pads 14 provided on the lower
surface 36 of die 12 may be metallized according to
current practice in order to provide an electrically
conductive surface. Since any of a wide range of metals
and metal alloys may be used to form the metallized.
contact pads 14 contained on the semiconductor die 12, the
present invention should not be regarded as limited to any
particular métallic material formed according to any
particular process. By way of example, in one preferred
embodiment, the contact pads 14 may comprise an aluminum
alloy and may be formed by according to a sputtering
process. However, since processes for forming such
metallized contacts on semiconductor die are well known in
the art, and since persons having ordinary skill in the
art could readily select an appropriate material and
process after having become familiar with the teachings of

the present invention, the material and process that are
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particular nmetallic materi al

formed according to any particul ar process. By

way of exanple, in one preferred enbodinent, the contact pads 14 may
conprise an alumnum alloy and may be formed by according to a sputtering
process. However, since processes for formng such netallized

contacts on s
havi ng ordi na
material and
the present i
12 used to

em conductor die are well known in the art, and since
ry skill in the art could yeadily select an appro
process after having becone famliar with the teach
nvention, the material and process that are

formthe netallized contact pads 14 in one preferred

per sons
priate
ngs of

enbodi nent  of usigel imerfpir@n thid | melorl e edeseitiad | padur theritieprat| _herein.
As was briefly degerbhed.phoMaentheosecond ahvMRAREEn SUE{AcCe 38 Ofedie 12

al so may be p

rovided with one or nore additional contact or I/0O pa

ds (not

shown) in ordéesesiapd o dartespoifiaid hesainand out put signals to be
comuni cated to angsf 9 ke fahr QULEF Yo&PHRIBEAL A8 SdeoREM CRpEUstor die

12. However,
pads, are wel

practice the
upper surface

since 1/0 form ng such

processes: f

pads, as well as or.
SYEABGRR Tt Ath8iart? 2A§osPReLeaPdeY Hib ¥ 1dEsers (5 BRYBf such
pads and formadaipie685Sesnt ScthWr NECESSARIsY (ndbtOlstheknt 0 iHnderst and or

t i tion, the 1/0 whi ch b i ded
BIE%6T ar B R honoPRYe dBEy IS dn PLPERLT G apr

on the
her ei n.

The package lGohennbiegerdity drite frem ehrdaedkotithe dehtadnkdsbnsera in

Figure 3 and
ot her shapes
the type asso
descri bed ab
configuration
wth a

TR SORRoE AR atrlel S R P ai te ShydeR®
prateslses tflort lermird isuchi Y Onpaddbe {1MCMe larkhowredinutbe
Y& and siné:en a taiei\éﬁntdescgggt{&'gaggl %géh OéagésaRé
or...iIntended application, the package may be pro
forming processes is not necessary in order to understand
or practice the present invention, the I/O pads which may
be provided on the upper surface 38 of die 12 will not be
described in further detail herein.

The package 16 for receiving the semiconductor die 12
is best seen in Figure 3 and may comprise a generally
rectangularly shaped member, although other shapes are
possible. Alternatively, the package 16 may even comprise
the type associated with the multi-chip module (MCM)
architecture described above. In any event, and
regardless of its particular <configuration or .intended
application, the package 16 may be provided with a
recessed area or “window” 18 that is sized to receive the

semiconductor‘die 12 that is to be housed within the

al t hough
conpri se

rticul ar
vi ded

package 16. The package 16 also may be provided with one-

or more lead pads 20 that are sized and spaced within the
window 18 so that they will be substantially aligned with
the contact pads 14 provided on the bottom surface 36 of
the semiconductor die 12. As was the case for the contact
pads 14 provided on the semiconductor die 12, the lead
pads 20 contained on the package 16 may be metallized in
order to provide a conductive surface or “pad” suitable

for making electrical contact with the springs 22, Any of



recessed area or "window' 18 that is sized to receive the sem conductor die
12 that is to be housed within the package 16. The package 16 al so may be
provided with one or nore | ead pads 20 that are sized and spaced within the
wi ndow 18 so that they will be substantially aligned with the contact pads
14 provided on the bottom surface 36 of the sem conductor die 12. As was
the case for the contact pads 14 provided on the sem conductor die 12, the
| ead pads 20 contai ned on the package 1§3nay be netallized in order-to
provi de a conductive surface or "pad" suitable for naking electrica

contact with the springs 22. Any of .

13 a wi dear angee of ranateal of arfeetrpdtsal anfl| gyatadepdsi P ¥y APGPAERY to any of

a vide 1 ange ,0f PaeSSEanRY: he Waslrbfgd AiMoBecseialidyzed bead pads 20

contai ned on the package substrate 1 nsequently, the present invention
shoul d not bé&or efgerrdehasmetadh Higgdt 0 9asadPastds? Q0CevMdMS ng" affeparti cul ar

metal lic matgpialgand,dse-aed WCOEQ&%&&@W P toredbAt PIRERIGN However,
by way of exanple, in one preferred e

odinent, the |l eaq pads 2Q.provided
on the packag§BoudBstialt eP26 FREPESHPrise lé“‘ﬂrltﬁ‘l%elt-ogollaagl Ifiﬂfissangorray be
formed accor dioRgrt 9ifg PhAY | ParPIOCRSS metallithenapackaye aadbSorakd 16 may
al so be provided with any nunber  of . additional Iﬁads éno shown})f such as,

y .
for exanpl e, 3CE84S18%i AR PEFEEGRREL R Rcth FRECVE Ss "FFO pads (al so

not shown) weixahpiay be prevpdefeored herhuplierensur thee 188dopaseniz@onduct or

die 12 in the manner, already descri bed. ver, | n
seniconductoprﬁgéagaeénhrgh%epﬁc ﬁ%ﬁnsfﬁsfkgﬁgr?%aﬁn cogﬁﬁﬁﬁgﬂzagily
fabri cat ed byipeesemsldaliing ardimagr ye skaidredi acedrsliagt tafa erlatapgng becone

famliar with %@g geachings of the present invention, the particular

seniconductoprpacﬁage 16 that may be utilized in one preferred enbodi nent
of the. The package substrate 16 may also be provided with

any number of additional leads (not shown), such as, for
example, leads suitable for connecting with the various
I/0 pads (also not shown) which may be provided on the
upper surface 38 of semiconductor die 12 in the manner
already described. However, since such semiconductor
packages are well known in the art and could be easily
fabricated by persons having ordinary skill in the art
after having become familiar with the teachings of the
present invention, the particular semiconductor package 16
that may be utilized in one préferred .embodiment of the.
present invention will not be described in further detail
herein.

The semiconductor device assembly 10 may be provided
with one or more coil springs 22 which electrically
connect the contact pads 14 on the semiconductor die 12
with the corresponding lead pads 20 provided on the
package substrate 16. For example, in the embodiment
shown in Figure 2, the lower surface 36 of semiconductor
die 12 is provided with four separate contact pads 14
arranged substantially in the form of a ™#“ sympbol.
Alternatively, other arrangements are possible, as will be

described in greater detail below. Each contact pad 14



present invention will not be described in further detail herein. The
sem conduct or device assenbly 10 may be provided with one or nore coi
springs 22 which electrically connect the contact pads 14 on the

sem conductor die 12 with the corresponding | ead pads 20 provided on the
package substrate 16. For exanple, in the enbodinment shown in Figure 2,
the I ower surface 36 of sem conductor die 12 is provided with four separate
contact pads 14 arranged substantially ih*the formof a "+" synbol .

Al ternatively, other arrangenents are possible, as will be described in

greater deta|I bel ow. Each contact pad 14
14 has a Pfengthlemetnd®a andith “42ith |42 one B ePBFr &FERBEEA meNt, the

wi dth 42 of easbapmtct tpad Widehs suf beciemn t@or@&ﬁﬁﬁ“ﬁﬁ'@t a4t Wps coi |
springs 22 positioned side by side, substan |aII the manner illustrated

in Figure 2. SUSFhek QQSaﬁFQ?%??%Rth%ﬂ Sh EBF dﬁﬁﬁﬁﬁlFéﬁae%ads 20

provi ded on thege pegkaigr,sshsttaheidB yhave toababamét atljsthatsamensi ze and
shape as the_contact pa ctor_die 12, the two springs

4 on the sem cond
22 affixed tb-¥He® cont a%:j’tncpf’adulzll §r§8ﬁ1 g%?n“du%}feorcocﬁ%sfﬁmﬁnlw al so
cont act subslaaalahﬁy EOepe@tidéﬁ3bmﬁtﬁémpd@ka¢epa@b3®rptevndedamm t he

package substra Bef aor e roceed th t desgri pt it should
be noted thaf ? é“%ﬁﬁ%é thed§nf4gpro eggb£4 8 g@%ﬁ%ﬁ% Sgtgggdle 12 may

be provi ded W#tdn aine aambmndnfctsprdr@sl&Zthavtwrg samyngsrderifénkedunber of
Lodividual oLl 8hddeonbrner %AA Y18 PSAKLNG. sénkaﬁco@ﬁiﬂ@% ofibndpvidygl springs
22, the nunber c0|P spring, and

.e., dianeter) of the
spring wire 2issimnntdchesgdtentadl sy QﬂﬁﬂﬁnthEGEXqunghQZ &idd Page2@apabl e of

suppl yi ng th5r5+gaégn Qgglggg&i@@tgygs@§5géc1%en’ sem conductor die 12. That
is, since each coil 34 of e sprin provi des two current paths bet ween
the | ead pad Before proceedlng w1th the description it should be

noted that the contact pads 14 provided on the
semiconductor die 12 may be provided with any number of
springs 22 having any convenient number of individual
coils 34. Generally speaking, the number of individual
springs 22, the number of coils 34 per spring, and the
size (i.e., diameter) of the spring wire 24 should be
selected so that the spring 22 will be capable of‘
supplying the current required by the particular
semiconductor die 12. That is, since each coil 34 of the
spring 22 provides two current-pdths between the lead pad
20 and the contact pad 12, a person desiring to practice
the present invention should select the foregoing
parameters (Q;é., number springs 22, number of coils 34
per spring 22, and spring wire size) so that each coil 34
can safely carry its portion of the expected current
without danger of overheating.

By way of example, and without limiting the scope of
the present invention, in one preferred embodiment, each
spring 22 may be formed from wire 24 having a diameter in
the range of about 20 microns to about 30 microns (25
microns preferred). The spring 22 may be formed so that

it includes approximately 10 coils per millimeter, with



20 and the contact pad 12, a person desiring to practice the present

i nvention shoul d sel ect the foregoing paranmeters (e.g., nunber springs 22,
nunber of coils 34 per spring 22, and spring wire S|ze) so that each coi
34 can safely carry its portion of t he expected current w thout danger of
over heat i ng. By way of exanple, and without limting the scope of the
present invention, in one preferred enbodjqrent, each spring 22 may be
formed fromwre 24 having a dianeter in the range of about 20 microns to
about 30 microns (25 mcrons preferred). The spring 22 may be fornmed so

that it |ncludes ap X ely 10 ¢oils per. mllinmeter, wth

15  each coi F?%% ﬁ§§? gyib ?eﬁl?TF?$%3ﬁ3aﬁé§ 5?“%ﬁxﬁﬁméﬁﬁ§tnﬁgpons to
about 150 nicmﬁasoﬁé260rﬂﬁbumnssprﬁﬁdﬁdh&dXJZS mlCﬂdnSSbQEEdrﬁé@D be not ed
that the particul a er| re 24 fro spring

| h
22 is forned shoulétb% eé%%ﬂqgrkﬁﬁgg f?gﬁ\%Q§oﬁ§5Fffﬁ ar‘&? Féégﬁ froma

netallurgicalcsmanﬂ$mnquthewwlfet2nefmamewhfth(nhaﬂapeﬁnglzzfxm'mbmgeuhe

nmetallized conta nd I ce a f metals
and net al allg%sﬁ%%qa gggFlze %ﬁa orn1g% %@? |Ze gc%% ctgand | ead
pads 14 and 2@ masaln)amglaslt@ta‘rwnwspr|wngr122beamtemlnde0pema§:@msahaV| ng

ordi nary skillg i-Rifbes tmé!é(% %ﬂdEE¥B£8§Qﬂﬂi?ﬁ%&h?%%s”ﬁ%e%hél§ ot hat are

netallurglcally conpat | hos at are not he present invention
shoul d not beSiagar dedvigie Iianqeeobﬁ onelrgl pagnd coétal natkeyslmay be

combi nati ons of;TRLea! @b Story RYRVREa DY HRY Bhe8XBMMAL 14t QABSPERS er T ed

enbodi ment, the wire 24 used to formspring 22 nmay conprise gold
Conti nui ng no@@i £A- t g vekkratiorfrd SRFERT r &% er @t &S INGEMBEFEYNE 0 Fi gur e

1, each coil spking 32dﬂ?é’r3beslﬁ$§e'1fn' ghky ardeptitaled & tyha bligi geand may
conprise a conhlnuous wire 24 having a proximl end 26 and a_distal end 28.

The wire 24 i $PASFI BEFPY Hound dr Giird "t bRgoally compatible and

those that are not, the present invention should not be
regarded as limited to any particular material or
combinations of materials. However, by way of example, in
one preferred embodiment, the wire 24 used to form spring
22 may comprise gold.

Continuing now with the description and with
reference primarily to Figure 1, each coil spring 22 ma§
be essentially identical to the others and may comprise a
continuous wire 24 having a proximal end 26 and a distal
end 28. The wire 24 is helically wound around_a spring
axis 30 in the manner of a conventional coil spring and,
in one preferred embodiment, is formed “on-the-fly” by a
wire bonding machine (not shown). The first step in the
spring forming process is to attach the proximal end 26 of.
the wire 24 to the contact pad 14 on the semiconductor die
12. The proximal end 26 of wire 24 may be attached to the
contact pad 14 by the wire bonding machine (not shown) by
any of a wide range of processes that are now known in the
art (e.g., thermocompression or thermosonic bonding} or
that may be developed in the future. After the proximal
end 26 of wire 24 has been successfully bonded to the

contact pad 14, the capillary (not shown} of the wire
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axis 30 in the manner of a conventional coil spring and, in one preferred
enbodi nent, is forned "on-the-fly" by a w re bondi ng; machi ne (not shown).
The first step in the spring form ng process is to attach the proxinal end
26 of the wire 24 to the contact pad 14 on the sem conductor die 12. The
proxi mal end 26 of wire 24 nmay be attached to the contact pad 14 by the

w re bondi ng machi ne (not shown) by any of a wi de range of processes that
are now known in the art (e.g., thernocokbression or thernosonic bondi ng)
or that may be developed in the future. After the proximal end 26 of wre
24 has been successfully bonded to the contact pad 14, the capillary (not
shown) of thebwhtiéng machine is moved in three dimensions as Ifecesshondi ng

machi ne is noyed.in three.dimensions as. . necessary .to rmihe fiyst |oop or
coil 32 of sp\réfnﬁoﬁ‘%.tr}‘ﬁ géésgﬁleoc’ga&r |?%%rly%%f i %@l”rle“gbfégdi nggl“ﬁ&ckf‘%e i s
noveabl e i n t loreéldanensi enwiaedbsndimg teechinei én hbeexdvfe iis gbneeal |y

conmputer cont .B%nggi%éé LRq2 hag! echfréat &18{‘&10" R HSGF (00l c50uAny to
program the wire bonding nachine to form he vartous | oops” or coifs 34 of
spring 22. Thkarpiter siomt¢esopkedons havd rejrpddi matsersiiok| ajusearhdnatt coul d
readily progr i i i t I 0Ll $43 spring
22 after havi%gbggzgﬁg P§§§¥$gr?§fpﬁﬂ§%ég?%§€ﬁ:%%?hg?btﬁg'éfgéeﬁgg

i nvention, th&3PapLsclPeds Mroceddst Rt ofm§PhndUsedt wikhitodé paidfeul ar wire

bondi ng machi P@r59n§ ORAViAE SRIINAGyCQIKi134 Widhe NQte ReudesGlhiedyi n
greater detail below After the first coil 32 is formed, it may al so
be attached t BTPREARGh*4&EE PRRfing Bachie Senfepndind 6Pigs S42thyhe any

conveni ent  BpREKEP2 AFtEEESSving bRcHme fambiyl itate DR OPRY QSSicBANg ST
t her nosoni ¢ bagndj ng) . The wire, bondin ‘naghlne énot shomn% may
continue to f8FnFRRLISTENG YUY 108ps thRE Qﬁﬁh%?“ LoPTApF$hdhes, MaY't achi ng
each individuak cekl @B#cR wrich@agentardir paidel boabihfemsltieink? to form

the spring coils 34 will not be described in greater
detail below.

After the first coil 32 1s formed, it may also be
attached to the contact pad 14 on the semiconductor die 12
by any convenient bonding process {e.g., by
thermocompression or thermosonic bondingj. The wire
bonding machine (not shown) may continue to form the
individual loops or coils 34 of spring 22, attaching each
individual coil 34 to the contact pad 14 on the die 12.
After a sufficient number of coils 34 have been laid down,
the wire bonding machine may break the wire 24 after the
last bond, thereby forming the distal end 28 of spring 22.

As was :Briefly discussed above, it is generally
preferred, but not required, to form the spring 22 so that’
the wvarious coils 34 thereof are canted in the same
direction with respect to the spring axis 30. That is,
all of the individual coils 34 are always inclined in the
same direction Qith respect té the spring axis 30. For
example, in the embodiment shown in Figure 1, each of the
coils 34 is inclined with respect to the axis 30 so that
the coils slope generally downwardly from left to right.

If the coils were not canted, the “front” portions of the



After a sufficient nunber of edils 34 have been | aid down, the w re bonding
machi ne may break the wire 24 after the |last bond, thereby formng the

di stal end 28 of spring 22. As was briefly discussed above, it is
generally preferred, but not required, to formthe spring 22 so that the
various coils 34 thereof are canted in the sane direction with respect to
the spring axis 30. That is, all of thelgndividual coils 34 are al ways
inclined in the sane direction with respéct to the spring axis 30. For
exanple, in the enbodi ment shown in Figure 1, each of the coils 34 is
inclined with respect to the axis 30 so that the coils slope generally
downwar dl y fr GRLEf (1t@ o ithRt POFFiange ofofPe Rile AbEtcERt PSS e t2f ront "

portions of th@e observer) would slope in one directidd wh€D&l ®hei.e., the
portions of the cojls that re _closest to the observer) would s|lope in one

direction whil &eRe PREEPNSHBEt Hh<SO St he- Roi ITO8ER. BOILIMB € pdifi ons of
the coils | ocaioad sbabicBted e 1Nttt HROIiroBAS powbUbitk )Sliapa d slipe apposite
direction. Forming the coil spring 22 so that it is.so canteg all ows the
spring 22 to K& @oéé§Fl9158§5V€§sedF?FW%W%¥%¥b§§”6rSpféﬂgv Fs&°di recti on

(i ndi cated by taarow #44)s t o ptadued &shrowlestiiedsppirey | padts Bs meirki oned
above, pre-Ioadgnq th% s?rin 4 22 %F t he Lrapsverse gggégné{m1 %ﬁoensures

t hat substantﬁglﬂyyaﬂ THFETRET i hdi vi'Gusfooi Ps 34°0 Spring Wil nmake
contact with tHedieategpay 20ron 44)etpapkalyeel 6he ddwe radoUpte-ofoagiafit (i . e.,
cant_angl e 46), nalo iy he Al doid q LhengPiihao &8:kg not parthgularly
critical, and any of ‘a W de randge "0f ¢ant angles y be regarded as within
t he scope of tthranpressmtdiirecbhon ol ensByepayhalf sewestpheialln adde ofr ef erred

enbodi nent, t c Gl 4 l ect g, t (N range ef about
45 degrees tohgfbé?k%ggggg%egggﬁy ?§A§?e§§tﬁg;dggpfg&'ﬁi er of ébrings 22
hdve been f or médhardresdeafesado2f henvhh¢ opackass dd- pads BRopNtt 9

sem conduct or g 13, et hecggfi sRpricir @it dy ™k Qiovided to the
spring 22 is not particularly critical, and any of a wide
range of cant angles may be regarded as within the scope
of the present invention. By way of example, in one
preferred embodiment, the cant angle 46 may be selected to
be in the range of about 45 degrees to about 75 degrees.
After the desired number of springs 22 have been
formed and secured to the various contact pads 14 of the
semiconductor die 12, the semiconductor die 12 may be
mounted to the package substrdté 16 to form the completed
semiconductor device assembly 10 according to the present
invention. The first step in the mounting process is to
place the dig‘12 within the window 18 of the package 16.
This step may be performed with the aid of equipment and
devices, such as a chuck (not shown), that are known in
the art for ©positioning semiconductor die within
corresponding package windows., Once the die 12 has been
positionéd within the window 18, the various springs 22
provided on the die 12 will make contact with the various
corresponding lead pads 20 provided on the package
substrate 16. The device {e.g., chuck) used to position

the die 12 within the window 18 may then urge the die 12



nmounted to the package substrate 16 to formthe conpl eted sem conduct or
devi ce assenbly 10 according to the present invention. The first step in
t'he nounting process is to place the die 12 within the window 18 of the
package 16. This step nmay be performed with the aid of equi pnent and

devi ces, such as a chuck (not shown), that are known in the art for
positioning sem conductor die within cor[éaspondi ng package w ndows. Once
the die 12 has been positioned within the wi ndow 18, the various springs 22
provided on the die 12 will nake contact with the various correspondi ng

| ead pads 20 E)rovi ded on the package substrate 16. The device (e.g., chuck)
used to positFeveEhetde eP2okage hi® Efe lRf AAGYHFCLS? na) ¥ hen®hr e t(ﬁg die 12
toward the package ooyt 0ih Nthedypeidgs! pght armunpreflssy endlgad"toin the
springs 22. he pre-1oad hel ps ensure_ that substantially.all_of the

| oops or coil %n%‘ﬁreofthﬁl’iesglﬁ?‘?aﬁ&s‘aégynﬁkje YodiCel 8RRF | ¥alSOtdit %gto’\f/vi th the
contact and | epd padsndd and ke Joef ealéetrricany odntmoni deittangee of die

attach materials, (not sho such as, for, exanpl e XY, ol yi mi de or
silicone adhegPUEécHa?“‘gew‘%ﬁ é?:atc%d ]_%ntadldt ﬁg'spﬁgrﬁg?%éh %%%dfeé 12 and

t he package 16ideThengh efatdiechttatiermaterseduar ésot hehakire ,13usht 4% n t he
package 16, thereby_ensuring that the Ll g pre- | ST Lpned.

Al ternativel y?oﬁt ﬁg?m?r% h%’o‘g(ydf °§p5’| ﬁ°§8’lt“gg€ d{;]g %11?]?%0 n%rrg?tgré:’sal coul d al so
be used, as wanaydodeirgleciiedsintm phesepacdddtmgeor thaatie ik Bhdi Bhehe art

after having E%SQQ?Ef 11T Al With J Qgcheﬂgpé Yo lh@sPERECAL e | IyENLT ON.
For exanpl e, e dre attach material may be deposited on the package
substrate 16 Wéfbie the packan® il$,nehedebyit enposing dhaki CAEn SPREPM ndow 18.
In any event, ,afleg élh?sdh@t&:gnécﬁ seguf&h iR Y, t Benvindevhdds bhe

remai ni ng I/Oppads ?not shown) contained on the sem conductor die 12 may be
attached to thgpép@mquﬁhqque attach material could also be used, as

would be obvious to persons having ordinary skill in the
art after having become familiar with the teachings of the
present invention. For example, the die attach material
may be deposited on the package substrate 16 before the
die 12 is moved into position within the window 18. 1In
any event, after the die 12 is secured within the window
18, the remaining 1/0 pads (not shown) contained on the
semiconductor die 12 may be attached to the appropriate
leads (also not shown) provided on the package 16
according to any of a wide range of processes (e.g., wire
bonding} well-known in the art or that may be developed in
the future.

As desc;fbed above, the coil spring 22 that is used
to electrically connect the contact pad 14 with the lead:
pad 20 may be formed “on-the-fly” by a wire bonding
machine. However, other arrangements are possible. For
example, with reference now to Figure 4, a second
embodiment 110 of a semiconductor device assembly may be
provided with a pre-formed coil spring 122. The pre-
formed coil spring 122 may then be attached to the contact
pad 114 provided on the semiconductor die 112. In the

embodiment shown in Figure 4, only the proximal and distal



| eads (al so not shown) provided on the package 16 according to any of a

w de range- of processes (e..g., wire. bonding) well-known in the art or
t'hat may be devel oped in the future. ' As descri bed above, the coi
spring 22 that is used to electrically connect the contact pad 14 with the
| ead pad 20 may be forned 'on-the-fly" by a wire bondi ng machi ne. However,
ot her arrangenents are possible. For exanple, with reference now to Figure
4, a second enbodi ment 110 of a sem conduCtor device assenbly may be
provided with a pre-forned coil spring 122. The pre- fornmed coil spring

122 may then be attached to the contact pad 114 provided on the
sem conduct or e@fe 129 and [188t fee dpafsifidndRt tBACTRN tATFiRgdr é14: ORI the

proxi mal and digdAling coils 134 are urged against both the conth8t p&dds 126
and 128 are bonded to_the contact paciJ 114, The remaining coils 134 are

urged agai nst 1bbt and hbeft‘fbrﬂaé’ctmﬁa&oﬂﬂi%%_‘Préatd‘epéiﬁcfit?ecéﬁpéFﬁ%ﬁe on the
package substiatentl81bynhely dddpreGeiREeEhE NGpt Ny SPP2 Ngo 182rk OtKOr m t he
pre-1 oad descri bed above for the first enbodi nent. Tge rOX|n%£ and

di stal ends 1PBCalRPAXESHEIBRE- pPBPYiRdE Spritfy (38 tmgPRE Bided 1%° t he

Cﬁnt act pad 1§ﬂobﬂnbaﬂnéﬁnafdﬂsﬁﬁld@nﬂan9236 afndproeess esrd-eEotmedt BpE G ONi ¢ or

t her moconpr essj on_ bondi that are currentl -known in the,art or that
may be devel of)%g T tq‘?eggeﬁ‘ii#époféi eb%?fb"ﬁf& Eég\kll\?%t%‘ﬁ%ys.og a Wl‘%fi || ot her
arrangenment s asaegeasspbbeessdsoneeyamihermaséhia drepbhbechorenpr2ifiai a

sem conduct or, devi c senbly al so be .provi ded w.t h pr.e- d coi
spring 222, ago%% qg%sgzﬁ i%r%icélﬁrygngf)ylﬁwoe\;e\lélvé(rn?wfqnntl#lhse ta%itr 8§e§rx§%g?nent
210, the pre-hay red degklopgt iimgtRR 2futeyrebéonticachied soch hhateohabet pad 214

on die 212 by a seqanat 5 Rond Wagefaho The B0GMLe 338 WmEKL end

t hrough the various "coi rrng at the bon re 223 is
gener al | y paral tleird embhdiment 123 Oarf sa 28MhicPhduproxidaiticgndsdembby ends 227

and 229 of bogds i f.& 223, Ra honded e Fdfned coil spring 222, as

best seen in Figure 5. However, in this third embodiment
210, the pre-formed coil spring 222 may be attached to the
contact pad 214 on die 212 by a separate bond wire 223.
The bond wire 223 may extend through the various coils 234
of spring 222 so that the bond wire 223 is generally
parallel to the spring axis 230. The proximal and distal
ends 227 and 229 of bond wire 223 may be bonded to the
contact pad 214 on die 212 by any of a wide range of
processes, such as, for eXardiple, by thermosonic or.
thermocompression bonding techniques. Since the various
coils 234 of the spring 222 are not individually bonded to
either the cdﬁtact pad 214 or the lead pad 220 contained
on the package substrate 216, it will usually be necessary’
to slightly compress the spring 222 during assembly of the
semiconductor device assembly 210 to produce the pre-load
described above. The spring pre-load helps to ensure that
each individual coil 234 of spring 222 will make good
electrical contact with the respective pads 214 and 220.
Finally, and as was mentioned above, the various
contact pads {(e.g., 14) provided on the die (e.g., 12) may

comprise any of a wide range of configurations. For



contact pad 214 on die 212 by any of a wi de range of processes, such as,
for exanple, by thernosonic or. thernoconpression bondi ng techniques.
Since the various coils 234 of the spring 222 are not individually bonded
to either the contact pad 214 or the | ead pad 220 contained on the package
substrate 216, it will usually be necessary to slightly conpress the spring
222 during assenbly of the sem conductorsgdevice assenbly 210 to produce the
pre-1 oad descri bed above. The spring pre-load hel ps to ensure that each

i ndi vidual coil 234 of spring 222 will nake good electrical contact with
the respective pads 214 and 220. Finally, and as was nentioned above,
the various cof¥aeRleadsvitd grefemgnes oviqted ton ttHevdee fe. ganodyr nay
conprise any ofnGod¥ndit’ 3198 P12 CON PALAELOPSdie mdiPcomprise ei

20 exanple, wth reference now to Figure 6, another eé%odlnent
312 of a seni cohdudGVidrel mepteshppade 3@14gﬁﬂfr€'89€<ii rAbFitanaiatbhtafct pads

314 arranged sgmshanhl @ibyrés. Shﬂ?V\er{ erEie'fﬁ'C{ @zz%gyr&! ersma&g o2 nay be
provided on each separate contact a sing ﬁélng 322 is
t

shown in Fi gur&e fS&Pa€P5?|Q%tacéfp%@rl§e(°‘[‘He q eéa%%m@r(l
provi ded on a smdwdnpackase 6uybst £84LiHy3 ISOOmO&o@fwm)th\éomé@hqﬁca;rranged

inasimlar c nfl ration so t the Iead pads, (not homn | d be
substantial ly réhf“ﬂ)tﬁrPﬂeé%gﬁ¥E§b5ﬁ6FH% BITEagS Sy 5§r3€%m§? ded on
the die 312. Tﬂi\@t $pro|wng5w&2121 Dl‘eoytﬂﬁfbe@nlﬁaﬁflsl(ﬁﬁﬂlbﬁC{tMHﬁ@ufﬁiﬂMﬂfﬁ)GoCOﬁpfi se
any of the enb enplated

ne and bove
that the |nven g%ﬁcz @nﬁéaﬁig gsé PHR Vl%eb$aPlhﬁg?9t% rwise
enbodi ed and |akl1<ﬁlemtvajwedhehacbr1té&poa1nﬁegdednt:dcm madse 3t dnptowisitd 0

i nclude alterngling §Rog)JTeNtS Ol NG d MeSNLEOR: SXSHR! hBROLH AT |1 M ted
by the prior ar € Springs vide

pad 314 may comprise any of the embodiments shown and
described above.

It is contemplated that the inventive concepts herein
described may be variously otherwise embodied and it is
intended that the appended claims be construed to include
alternative embodiments of the invention except insofar as

limited by the prior art.



22 (36) and a second side (38); a contact pad (14)
positioned on the first side (36) of said sem condueter—tte—(12)y—

a“coil spring (22) having an axis (30) attached
(14) on said sem conductor die (12) so that the amm Ea@ m HHr Hml

spring (22) is generally parallel to the first side Isd” =
sem conductor die (12). 5. The s conductor die (12) of cI aim4,
wherein said coil spring (22) has a proxital end (26) and a distal end
(28), and wherein the proximl end (26) -of said coil spring (22) is
attached to the contact pad (14) on said sem conductor die (12) at a first

| ocati on and wherei r(13§)hegrfjj st @L:,c@,m@i 5(12)&) (g@)sai d coil spri ng (22) IS
attached to the contact g on_said sem conductor die at a second

| ocati on. 6. Thé‘ §é’|rh eshRRA drtdi ROSkiPpegs o) EW%BflAFs&r sgdepher ei n

said coil spring (2236xamisasassahid@rpictoredcdi (12)34), wherein said at

| east one coil (34) is attached to t ontact pad (14) sai d
seni conductor die -(12).2 01l spgmg]-ﬂg g ﬁﬁ"@dt‘?dl?@t 8f*di Eé)@l?)ttéfzhéfiai ms 4,
5, or 6, wherein satd €hé | coptadty Katl) (TONPi S€sid entdomalicend d26), a

distal end (28), t | east one coi em conductor die (12)
further conprising gl %Iaé: ngﬁﬁmnsav% é’% F8§($nﬁ?1]erts(?r(lf'§7)(ggﬁd a
distal end (229), sas dgeb@rxdlmmmr(azaié)t ea{t*etmjlfrigstthsbdl«gh(ime ofoishi@34) of
said coil spring (22), Cg)e allLy,al og%t he axis (30) of said coil spring
(22), the proximal andl 'S a °gnas” ( .

_ 5. The semiconductor die (12) of claim 4, wherein
saild coil spring (22) has a proximal end (26) and a distal
end (28), and wherein the proximal end (26) of said coil
spring (22) is attached to the contact pad (14} on said
semiconductor die (12) at a first location and wherein the
distal end (28) of said coil spring (22) is attached to
the contact pad (14) on said semiconductor die (12) at a

second location.

6. The semiconductor die (12) of claims 4 or 5,
wherein said coil spring (22) comprises at least one coil
(34), wherein said at least one coil (34) is attached to

the contact pad (14) on said‘sémiconduttor die <(12).

7. The sémiconductor die (12) of claims 4, 5, or 6,
wherein said coil spring (22) comprises a proximal end
(26), a distal end (28), and at least one coil (34), said
semiconductor die (12) further comprising a beond wire
(223) having a proximal end (227) and a distal end (229),
said bond wire (223) extending through the coil (34) of
said coil spring (22), generally along the axis (30) of
said coil spring (22), the proximal and distal ends (227,
229) of said bond wire (223) being attached to the contact
pad (14) on said semiconductor die (12), said bond wire

(223) securing said coil spring (22) to the contact pad



229) of said bond wire (223) being attached to the conLaQL_pag_Llﬂl_on sald
sem conductor die (12), said bond wire (223) securlngnzﬂud coi | sprln

i i

CLAI MED 1 S: 1. A sem conductor devi ce asse

conpri si ng: a sem conductor die (12) having at |east onhe®

contact pad (14) thereon; a pagﬁage substrate (16) having at

| east one | ead pad (20) t hereon, said package substrate (16)

bei ng sized to receive said sem conductor die (12) so that the contact
pad (14) on said sem conductor die (12) is substantially aligned with

the | ead pad (20) 1 Of% c18@mMfp package substrate (16) when sai d
sem conductor die (W3§ 05|t?oned on sai d package substrate (16);

and . a coil- spﬂing {PRCONAVFERL an XYY 30)asseardy (18671 spring
(22) positioned ggggggggihe contact pad (14) on said sem conductor die
(12) and the |ead pad (20) on said pac %e substrate 816) so that the
axi s (30) of said eenriconslyctay die2)(12) shagyngdt aht 15RPY one

parallel to the conggggaéguﬁgal4)4pcggéyéaad on said sem conductor die
(12) and the | ead pad (20) cont ai ned on 52 g Ef aaﬁ iubs frate (16).
2. The seni conduct or de¥i BRCKRIEBIRPLEREF oft &I BRI Gher&PR"s&ME coi

spring (22) is attaghgd ﬁ@dthﬁoKxﬂﬁé%abnpada¢a4baona§éushbﬁﬂnamenduéuor di e
&%gzeln sai d génllgﬁﬂiﬁgkggg ug%%%fegﬁéfe X Sﬁmf%I"glg hi 8 {58 O 2
that the contact pad (14) on said semiconductor die
(12) is substantially aligned with the lead pad (20)
on said package substrate (16) when said
semiconductor die (12) is positioned on said package
substrate (16); and
a coil spring {(22) having an axis (30), said
coil spring (22) positioned between the contact pad
(14) on said semiconductor die (12) and the lead pad
{20) on said package substrate (16) so that the axis
(30) of said coil spring (22) 1is substantially
parallel to the contact pad (14) contained on said
semiconductor die (12) and the lead pad (20)

contained on said package substrate (16).

2. The semiconductor device assembly (10) of claim
1, wherein sdid coil spring (22) is attached to the

contact pad:(14) on said semiconductor die (12).

3. The semiconductor device assembly (10) of claims
1 or 2, wherein said semiconductor die (12) includes a top
surface (38) and a bottom surface (36) and wherein the
contact pad (14) is located on the bottom surface {36) of

said semiconductor die (12).

4. A semiconductor die {12), comprising:

a generally planar substrate having a first side



-

surface (38) and a bottom surface (36) and wherein the contact pad (14) is
| ocated on the bottom surface (36) of said sem conductor die (12).
4. A sem conductor die (12), conprising: a—general iy pl anar

substrate having a first side ! m
(14) of said sem conductor die (12). 8. A net P‘m“m“mm“ ! “‘m a
contact pad (14) on a semconductor die ¢32) with a | ead pad-(20) Son*a
package substrate (16), conpri sing: positioning a coil spring (22)
havi ng at | east one coil (34) on the contact pad (14) on the
sem conductor die (12); pl aci ng the sem conductor die (12)
adj acent the (14)pagkagedssdhsidoaiactdp)dsd tirat the coil spring (22) IS
substantially aligned with the | ead pad (20) on t he package substrate
(16); urging the sem conductor die (12) and package substrate
(16) together to canpressmétitod @ BphebBYing a (CAAraandpad eady anpke-| oad
condition; and e tor qES)(lz) i fixed

)

position wth sreé‘kiﬁé’@fjufﬁgglh(g{egg((}fgggé’ggﬂ]bgw%%]{ pets o aé]a(i §'9%ai nt ai n
the pre-load conditriaar. (16), cdhpridingthod for formng a coil spring (22)
oG5 contact, pad (1), SOIRIGIG 5 eay g g bEFIATE el ! end
the wire (24) in tlmnee-deikendiddhalon the contact pad (14) on the
semiconductor die (12);
placing the semiconductor die (12) adjacent the
package substrate (16) so that the coil spring (22)
is substantially aligned with the lead pad {20) on
the package substrate (16);
urging the semiconductor die (12} and package
substrate (16) together to compress the coil spring
(22) and create a pre-load condition; and
holding the semiconductor die (12) in a fixed
position with respect to the package substrate (16)

so as to maintain the pre-load condition.

9. A method for forming a coil spring (22) on a
contact pad (14), comprising:

{a) attaching a brgximal énd (26) of a wire
(24) to the contact pad (14):

(b)“moving the wire (24} in three-dimensional
space to produce a first coil (32), the first coil
{(32) extending generally outwardly from the contact
pad (14): and

(c) attaching the wire (24) to the contact pad
(14) .

10. The method of claim 9, further comprising:
(d) moving the wire (24) in three-dimensional
space to produce a subsequent coil (34), the

subsequent coil (34) extending generally outwardly



£

sbace t-o produce a first coil (32), the first coil (32) extending
\

generally outwardly fromthe contact pad (14); and <)
attaching the wire (24) to the contact pad (14). | ) ! od
of claim9, further conprising: (d) noving the”"iﬂHﬂﬂ,Mﬂﬂ“ﬂmr

t hr ee- di nensi onal space to produce a subsequent coil € , Ltthe s %
subsequent coil (34) extending generally outwardly

24 fromthe contact pad (14); (e¥*attaching the wire (24) to the
contact pad (14); and repeating steps (d) and (e) to forma spring (22)

havi ng a desired nunber of coils (34).
from the contact pad (14);

{e} attaching the wire (24) to the contact pad
{(14); and
répeating steps (d) and (e} to form a spring

(22) having a desired number of coils (34)}.



