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Thi s i nvwidenasseel at es generally to sem conductor manuf act Weergsdnaame 15
particularly to a nethod for form ng conpliant netal contact pins on active

sem conductor dice and silicon interconnects. The contact pins are
particularly suited to testing unpackaged die in the nmanufacture of
known good die (KG&D). Bare or unpackaged sem conductor dice
are used extensively in the 20 manuf acture of el ectronic devices.

Known- good-die (KGD) is a collective term t hat connot es unpackaged
dice having the same quality and reliability as the equi val ent
packagedgproduct. The demand for known-good-die has led to the

devel opment of test procedures for testing unpackaged sem conductor dice.

-

io - METHOD FOR FORMING CONTACT PINS FOR
SEMICONDUCTOR DICE AND INTERCONNECTS

This invention relates geheraily to semiconductor manufacture and more

15 particularly to a method for forming compliant metal contact pins on active
semiconductor dice and silicon interconnects. The contact pins are particularly
suited to testing unpackaged die in the manufacture of known good die (KGD).

Bare or unpackaged semiconductor dice are used extensively in the
20 manufacture of electronic devices. Known-good-die (KGD) is a collective term
that connotes unpackaged dice having the same quality and reliability as the
equivalent packaged product. The demand for known-good-die has led to the

development of test procedures for testing unpackaged semiconductor dice.

25 For test and burn-in of an unpackaged die, a carrier replaces a conventional
single chip package in the testing process. The carrier typically includes an |
interconnect element that allows a temporary electrical connection to be made
between the die and external test circuitry. In addition, such a carrier must allow
the necessary test procedures to be performed without damaging the die. | The

30 bond pads on a die are particularly susceptible to damage during the test

procedure.

Recently semiconductor manufacturers have developed carriers for testing

discrete, unpackaged die. Different types of carriers are disclosed in U.S. Patent



25 For test and burn-in of an unpackaged die, a carrier replaces

a conventi onal singl e chip package in the testing process. The
carrier typically includes an i nterconnect elenent that allows a

t enpor awo 86/b4589 i cal connection to be nade bet ween PEHUSPHI44$Y
external test circuitry. In addition, suc_h‘,_a carrier nust allow t he

necessary test procedures to be performed w thout damaging the die. The 30
bond pads on a die are particularly susceptible to danage during the test
procedure. Recently sem conduct or manufacturers have '
devel oped carriers for testing di screte, unpackaged die. Different

types of cargj£r. i o
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One of the key design considerations for a carrier is the nethod for

ters]t a(l:j)! I shing a tenporary electrical connection with contact | ocations on
e die. t,act bond
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bunps. ani sns for ng el ectrical tontact include piercing
the natjye oxhftiercind blased into contact with an interconnect. The interconnect contains the
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contact structure that physically contacts and forms an electrical connection with -
the die pads. Exemplary contact sufuctﬁres include wires, needles, and bumps.
The mechanisms for making electrical contact include piercing the native oxide of
the die pad with a sharp point, breaking or burnishing the native oxide with a

15 bump, or scrubbing the native oxide with a contact adap‘ted to move across the die
pad.

These different contact structures are designed to establish an electrical
connection with the bond pads of a die under test. Preferably this connéction is
20 low-resistance and ohmic. Low-resistancé connotes a resistance that is negligible.
An ohmic connection is one in which the voltage appearing across the connection
is proportional to the current ﬂowing for both directions of current flow. In the
past it has been difficult to establish a low-resistance ohmic connection with bond
pads while minimizing damage to the pads. A bond pad may only be about iu
25 thick and is thus relatively easy to damage. In general, each of the above noted

contact structures will displace the bond pad metallization and damage the pad.

In addition to forming a low-resistance ohmic connection, it is also
desirable for a contact structure to be compliant in nature. Sometimes an
30 arrangement of bond pads may present a sloped or irregular surface topography.

This may be due to the mounting arrangement of the die in the carrier or to the

1Y



the die pad with a sharp point, breaking or burnishing the native oxide

wth a 15 bunp, or scrubbing the native oxide with a contact adapted to
nove across the die pad. These different contact
st ruct ur swoasM4688si gned to establish-an el ectri cal PUIVERISN1GI82W t h

the bond pads of a die under test. Prefera_t_)gy this connection is 20
| ow-resi stance and ohm c. Lowresi stance connotes a resistance that is

negl i gi bl e. : - An ohm c connection is one in which the voltage
appearing across the connection is proportional to the current
flowing for both directions of current flow In the ‘ past it has

been di ffi cul tureQere tdpRRiphly of the\Woh8 Pads acress Mesuffaco BN el dieh Ivig thubond
- pads while mnimzing damage to the pads. A bond pad may only be about

1[err] 25 tadvantagenusite formshe intexconneo) withsgompliant eeriacts adapjedh &o genfomch

of the above t . nt ructures will displace. .
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pads may Presd@¥s€a sl oped or irregul ar surface topography. Thi s may.
be due to the nounting arrangenent of the die in the carrier or to the
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uneven topography of the bond pads across the surface of the die. It |
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It is a further object of the present invention to provide an improved
contact structure that can be used to form contacts for temporary interconnects and

can also be used to form contacts on an active semiconductor dice.

15 ,

It is yet another object of the present invention to provide an improved
metal contact pin that is compliant, resilient and adapted to form a temporarily
electrical connection with a bond pad without damage to the die.

20 . Other objects, advantages, and capabilities of the present invention will

become more apparent as the description proceeds.

In accordance with the present invention an improved contact structure and
~ a method for forming the contact structure are provided. The contact structure,
25 simply stated, comprises metal contact pins attached to a substrate. In a first
embodiment of the invention the substrate is a silicon interconnect and the contact
pins are attached to the interconnect in electrical communication with conductive
- traces. In a second embodiment, the substrate is an active semiconductor die and
the contact pins are attached to die pads (e.g., bond pads, tests pads) on the die.
30 In either case, the contact pins are suitable for forming an electrical connection

with a mating contact location that is low resistance and ohmic.



In view of the foregoing, there is a need in the art for inproved contact
structures for testing and manufacturing sem conductor dice. Accordingly,
it is an object of the present invention to provide_a_nethod for
form ng TEQ 281468 act pins 10 suitable for testing unpac?%%’p’?“sg

sem conduct or dice. It is44a further object of the present
I nvention.to provide an inproved ~contact structure that can be used
to formcontacts for tenporary interconnects and can al so be used
to formcontacts on an active sem conductor dice. 15 _ It is
yet anot her object of the present invention to provide an inproved

metal contact pi n Theacoritactqminpateafiormed avith acnmpgant siricturedotpermir figxare as
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pr oceeds. I n accordance with the present invention. an
i nproved contflattbosd pads may beplaced togethen inrattest warrigr. f As theinterconnestandt

compri Se8 morif SR RS whBhef B MR aciel, 46t fiacCRins on thEiatpBicitorman
enmbodi ment  ofelddigedl RoaMéStION Witle titdberid pids drsthe diel ITHYcomplidnt eReRte afid t he
cont act pins are attached to the interconnect in electrical

communi cat i orthecontaetopins pesmiss flexure to aceommedate yagiajervingthenmai®grent , t he
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ei ther case, théeomtacy pins opianangled moirthiy erémpenient forn ghebotactoping.c Ih

connecti on .. WwWth a mtin cpni act location that is |ow resistance
and ohni®.  additionythe)eontags-pins ¢an include a contact ball on the end to facilitate the
PCT/ US95/ 14488 rmation of an electrical connection. - 4-

There are two preferred methods for attaching the contact pins to the die
pads of a semiconductor die or to the substraté of an interconnect. These
15 attachment methods are wire bonding and welding. During the attaéhment
process, the contact pins are formed with a compliant structure, such as a spring
segment, using localized heating and bending. Localized heating and bendixig can
be accomplished with a laser working in conjunction with a wire bonder or a
welding tool. A heated capillary wire feed system can also be used to heat and
20 bend the contact pins during the attachment process. The contact ball is preferably
formed on an end of each contact pin at thé completidn of the attachment process.
Figures 1A-1E are schematic cross sectional drawings illustrating the steps
in forming contact pins on a semiconductor die in accordance with the invention
using a wire bonding pfocess;‘ |
25 | .
Figure 2 is a schematic cross sectional drawing of contact pins wire bonded

to a semiconductor die at an angle to provide a compliant contact structure;

Figure 3A is a schematic view illustrating a contact pin having a compliant

30  structure formed as a spring segment;



The contact pins are formed with a conpliant structure to permt flexure as
.the contact pins are biased against the mating contact |location to form an

el ectrical connection. As an exanple, an interconnect having contact
pi ns and yin di/palsVi N9 ' flat bond pads may be pl aced t ®fAVUS9S/14482a
test carrier. As the interconnect and 5 g'be are biased together in the

carrier, the contact pins on the interconneci>form an el ectrical
connection with the bond pads on the die. The conpliant structure of

~the contact pins permts flexure to acconmpdate variations in the mating

t opographi es. The conpliant structure can include a flexible spring segnment

for the cont aC#iggi £3p%s rﬁ%hﬁ@?h@@ié@ﬂﬂfshﬁﬁnéﬁ%ﬁﬁﬁ?‘ﬂﬂa shaying peocess for

contact pins. In 10 ditio contact pins Can include a contact

ball on the end foemirg tHei ¢omtzet tpire of Figure 3owhichi uses aflasen andevire boading tool;
connecti on. There are two preferred nethods for attaching
the contact pins to the die pads of a sem conductor die or to the
substrate of an inter : sovil : ik Rocess for
Bondi ng. and el di ng.  DETRGC R S mafc view iMA%ATRE T ERLAE 4R Shipite Tipcess 1o
are forned &ith formingthieacontaxt pist ofi Fégure B&h whichausepaihegted capillarydookent |
using localized heating and bending. Localized heating and bendi ng can

be acconplished with a | aser working in conjunction with a wire bonder or a
vel ding tool . A heat egigipl khaind 4B ifuchRClaliormiie EfpdirAdt Loty pitd Havidgeal
and 20 bend the contact pins during the attachnment process. The contact
bal | is preferabtompliant strutturescfiormed as spring ségmems; contact pin at the

conpl etion of the attachment process. - Fi gures 1A-1E are
schematic cross sectional drawings illustrating the steps in formng
contact pi Ry on a senFgAiesSASE diesdhematie eiskaRestional rawiags fliusahting steps in
using a wire bonding process; 25 . _Figure 2 is a schemati¢ -
cross sectional forming goRtactcRins 9ata samigongductorisigibaccordance wigh the.invention
sem conductor dige. o.provide a conpliant contact structure;
Figure 3Ais a sﬁﬂ%@@%&ﬁsmtrati ng a contact pin having a conpliant
30 structure fornmed as a spring segnent;

Figure 6A is a perspective view of an interconnect having contact pins

15 formed in accordance with the invention;
Figure 6B is an enlarged view of a portion of Figure 6A;

Figure 6C is an enlarged cross sectional view of a contact pin mating with

20 a flat bond pad on a semiconductor die to ‘establish an electrical connection;

Figure 7A is a schematic drawing illus&ating a portion of an interconnect
having contact pins formed in accordance with the invention with a spring
segment; ‘ '

25

Figure 7B is a schematic drawing illustrating a portion of an interconnect
having contact pins formed in accordance with the invention and mounted at an
angle with respect to a substrate of the interconnect to provide a compliant
structure; and

.30
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Figure 3B is a schematic viewillustrating a heating and shapi ng process
for w0 96/14689 i ng the contact pin of Figure 3A which usPETAISHSIHEB2 and
wi re bondi ng tool; Fi gurg 3Cis a schematic view
illustrating a heatl ng and shapl ng process Ttor form ng the contact
pin of Figure 3A which uses a heated capillary tooI ;

Figures 4A and 4B illustrate alternate enbodi nent cont act pins having
conpliant structures fornmed as spring segnents; Fi gures
5A-5E are schematic %gg@d, [ te@iSdil

form ng contact pi nls:&ggég 12 gf#ei' nduc%jgfréwd?gé} %ﬂtggggﬂri%gr??zgm%t 1'ff%rent

t he. i nventi on embodiments afsiontactipinsifdrmed jor acoesdance with the invention. Figure
6A is a perspective view of an interconnect having contact pins 15

formed in accordance with the invention; ' Figure 6B is an
enl arged view of a RefeiRs n6W tbiEigiRs GA-1E the method of the mventhrQBrxﬁuftﬁté& an
enl arged cross_sectional View of a contact pin mating with | at

bond pad &n a forfouningeontact fing ancancactivel sesticanductos ciie nealAsshmm Etgure
1A, the semiconductor die 10 is a conventional die that includes a silicon substrate
12 on which integrated circuits have been formed. Bond pads 14 are in electrical
communication with the integrated circuits. During the manufacturing process the
die 10 is fabricated on a wafer with a large number of other dice. Each die 10 on ‘
10 the wafer can subsequently be singulated by saw cutting.

The bond pads 14 of the die 10 are embedded in a passivation layer (not
shown). The bond pads 14 are typically polygonal (e.g.i square) metal pads,
about 100um on a side, which are separated by a space of about 50 to 100 um.

15 Typically, the bond pads 14 are formed of aluminum (Al) using a metallization
| process. Metals other than aluminum are sometimes used to form the bond pads
on a semiconductor die but aluminum is most prevalent. The aluminum bond pads
14 are used for establishing an electrical connection between the integrated circuits
on the die and the outside world. Depending on the application, an electrical
20 connection to the bond pads is made using various methods such as wire bonding,
| tape automated bonding or flip chip bonding. The preseht invention allows this

connection to be made using a contact pin formed with a compliant structure.

Ihitially, as shown in Figure 1B, a layer of photoresist 16 is spun onto the
25 wafer containing the die 10. The layer of photoresist 16 is exposed, developed-
and etched to form a mask having openings 18. The openings 18 are in alignment
with the bond pads 14 and have the same peripheral configuration as the bond
pads 14. |

30 Next, as shown in Figure 1C an intermediate pad 20, formed of a

conductive material such as copper is deposited in the openings 18 and onto the



Figure 7A is a schematic drawing illustrating a portion of an interconnect
havi ng contact pins fornmed in accordance with the invention with a spring

segnent ; 25 Figure 7B is a schematic draw ng

i Il ust r awongs/messor ti on of an interconnect havi ng PCITUSESI14482nS
formed in accordance with the invention and, nounted at an angl e
With respect to a substrate of the interconhect to provide a conpliant
structure; and 30 WD 96/ 14659
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Figure 8 is a perspective view of an interconnect havi ng two different
enbodi nents o pi i 36‘951?
Referring nowfbtg E’%gu?gs %%E&ﬁgldﬁg?ﬁggg g%pﬁge%%/égrﬁfr% 1S 1 ?‘ust rat ed
5 for for mithigkmesstaadtis ppmxhnataly thetsame msdha(ﬂnndq:adsi i14. TThe parposeoofn
in Figure he s con tor d| conv nal .di.e that
i ncl udes a si Iﬂi‘ecﬁﬁe@?fﬁé% 8@0 1s ¢ °Y’23 6?11 {Jniz &@QF%S@E rmediaf@ have
been formed. @%rd%?éjﬁlaléhérsﬁch 3s aiékgf th %R attached to thE%ﬂ‘?ﬂﬂlﬁiuﬁ%bﬁ‘pXﬁ 4, th

integrated circuits. During the manufdcturing process t is
fabricated on Mﬂmghnhmoheapathﬂ@@anlhehinpomtedodlmﬂydodhe alminunh lmnﬂ(paﬂn 10

t he waf er can ,suhseguent|ly .be i | at by saw cut

The bond pads 1ia i thiefanesiase Dad Z0ctorbd a6 &matkital sk 25 opper, bods mofso
shown) . The begg; é‘l:l;?rhﬁmiﬂl%ﬁ&bhd’mo' ygonal (e.g.i square) netal pads,
about 100[err]mon a side, which are separated by a space of about 50 to’

100 [err]m 15 Typi cally, the bond pads 14 are forned of al um num (Al)
using a metallizat "THE intermediate pad 20 is deposited using an electroless electrolytic
10 plating process. Various metal films including copper (Cu), nickel (Ni), gold (Au)

and palladium (Pd) can be deposited through electroless deposition using aqueous
solutions comprising metal ions and reducing agents. Electroless plating is often
used to form contacts by filling avia with a deposited metal. As an example, in
the present application for depositing Cu on Al, the aqueous base solution contains
15 Cu++ ions and ascorbic acid reducing agents. The intermediate pad 20 is plated
onto the bond pad l4toa thicknessthat is less than the thickness of the layer of
pho_toresist 16. This permits the same opening 18 to be used for a subsequent

plating Iprocess. .

20 Next, as shown in Figure 1D, the solder pad 22 is deposited on the copper
pad 20. The solder pad 22 may aiso be deposited using an electroless plating
process. As an example, an aqueous solution containing Ni+ ions and dimethy
aminoborane reducing agents can be used to deposit a nickel solder pad 22. The
solder pad 22 has a thickness of from 1 pm to S0um and an outer peﬁpheral

25 configuration that matches the intermediate pad 20 and the aluminum bond pad .14.
The solder pad 22 is formed of a material that can be easily soldered such as

‘nickel, nickel alloys or gold.-

Next, as shown in Figure 1E, a contact pin 24 is attached to the solder pad
30 22. The contact pin 24 is formed of wire having a thickness of about 1 to 5 mils.
Suitable materials for the contact pin 24 include copper, gold, nickel alloys and



process. Metals other than alum num are sonetinmes used to formthe bond

pads on a sem conductor die but alum numis nost prevalent. The

al um num bond pads 14 are used for establishing an el ectrical

connect i OWOP6{1468Nn t he integrated circuits on the di ®CINIHEIS/MA482
outsi de world. Depending on the application,_an electrical 20 connection

to the bond pads is made using various net h%ds such as wire bondi ng,
t ape aut omated bonding or flip chip bonding. The present invention allows
this connection to be made using a contact pin forned with a
conpliant structure. Initially, as shown in Figure 1B, a

| ayer of phot owﬁieéﬁm s SPii é&ﬁt&tgﬁ@zﬂﬁ tmcré@f@rme&ar&rﬁwgztdaﬁ: g e 10.

The | ayer of p esist 16 is expese devel o etched to form

a mask having wmrbongmgmppairams dRencomgast ptn 24 ma:yrb&abor@n&slmecﬂy to the spider t he
bond pads 14 an

d sane ripher tion as the bond
pads 14. padE oF a'so m)gpateggl%}: 11"' P‘? Hgﬁg Wi QORMIRE RIFESe pad
20, forned of a conductive materi al such as copper is deposited in
t he openings 18 and onto the WD .96/ 14659
PCT/ US95/ $4482 Wire bonding apparatus are well known in the art. Wire bomling apparatus
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pads 14. The pMiQﬁSEhpbenkl Japant m?s' PahfNeL 3{894[67 140KhlfckeP Tl dt@ly @ndsol der
pad 22 (Figure 1D), forned sol derabl e material such as ni ckel,

to be attachedU:® PﬁéﬂfaNerﬂrﬁ?ﬂbmn‘dt%ﬁﬁlmqm etzl. disclpsernsprasentalivesWitger pad
22 can be dep y to the al um num bond pad . 14, the

i nternedi ate 8@%" 'gg%é%é%&of a material such as copper, bonds nore
readily #n@ the al um num bond pad 14.

During the wire bonding process the end of the wire which forms the base
- 25 (Figure IE) of the contact pin 24, is heated by an electrical discharge or a

hydrogen torch to a molten state. This forms a ball of molten metal on the base
25 of the contact pin 24. The molten ball is then pressed by a bonding tool

15 against the solder pad 22. Ultrasonic vibrations are also 'applied to the moiten ball
as it is pressed against the solder pad 22, This mechanically bonds the wire to the
solder pad 22. The wire is then electncally opened or sheared to form the contact
pin 24,

20 Following the wire bonding process the layer of photoresist 16 can be
siripped from the substrate 12. Depending on the photoresist formulation this can
be accomplished using a suitable wet chemical stribper. In addition, a protective
layer (not shown) can then be applied to the substrate 12 to protect the surface of
the substrate and limit the stresses applied to the contact pin substrate interface _

25 from the motion of the contact pins 24,

With reference to Figure 2, a compliant structure can be achieved by
~ positioning the contact pin 24A at an acute angle with respect to the plane of the
substrate 12. The contact pin 24 is thus able to flex as indicated by arrows 26 as

30 it is biased against a mating component (e.g., a contact on a printed circuit board).



The internediate pad 20 is deposited using an electroless electrolytic 10
pl ati ng process. Various netal filns including copper (Cu), nickel (N),
gold (Au) and pal |l adium (Pd) can be deposited through el ectrol ess
deposi t i oy gferidgserqueous sol utions conprising netal |igRgusyRfaqs?
reduci ng agents. Electroless plating is often used to formcontacts
by filling a via with a deposited netal. AS9m exanple, in t he
present application for depositing Cu on Al, the aqueous base solution
contai ns 15 Cu+ + ions and ascorbic acid reduci ng agents. The

I nt er medi ate pad 20 Is plated onto t he bond pad 14 to a thickness

that is |ess thgn bhct B bOGGRAL Bangle by aphrbBlRleibyihon BF ©
permts the sa 83? Lﬁ% B%ﬁ? oA
pr ocess. 20 the bonding tooN@ffthe%reﬂitﬁm &ppatauy. 1D t he sol der pad 22 is
deposited on the copper pad 20. e sol der pad 22 may al so be

deposited using an el ectrol ess platlng process. As an exanple, an
aqueous sol ution corgail ni Ni 1. i ' h . AN

reduci ng agents can%g@’ Eé{é&@%iﬁgﬁ%@egag %{dn%lﬁlgegpalgpeﬁg‘f@%ﬁﬁé %@&her

sol der pag 22 bérfipHarititonidee sgudtiird for@ cdntict pifl 248 $O5iRw. AR Chowh DUFigare
peri pher al confi gtl;rat i on_that matches_the internediate pad 20 and the

al um num bond 3Aq thejcontact pin 24Bcinghdgea compliant stenciuse farmesd apa ﬁﬂﬂéﬁ Segmentat

can be easily I C %&'Ej [ '
Next, as shom§?nﬂlﬁ—£(g§trxéyl eacgmt:ag% in %ﬁ# fs[&s&gﬁ hﬁg’\ésorp e solger pad
30 22. The eeontactdsalipd f&ﬂm&sfemcumm obmmcnen of thegpmadtipin RABswithfa about

1to5 mls. Sui t enate alsfor t he contact cp|n 24 incl ude
copper, gol d, matlreacoatapbga%nﬁ% such'as a Bed, depmm epyan interconnect or other
PCT/ US95/11#482gypstrate (e.g., circuit board). - 8-

Figure 3B illustrates a process for forming the shaped contact pin 24B with
~ a compliant spring segment 34. In an automated' wire bonding apparatus,

movement of a wire bondingtool 26 in the x; y and z directions is under computer

15  control. Using appropriate software, the wire bonding tool 26 can be moved in a
path to manipulate a length of wire to form the spring segrnent 34 (Figure 3A).
The spring segment 34 includes a flat s-shaped segment as shown, or may be
formed with multiple coils twisted into a spiral. At the same time that the wire
bonding tool 26 is moving a length of wire through a specified path, a laser 28

20 focused through a lens 30 initiates localized heating of the wire. This softens the
wire material so that it can be formed into the desired shape, which upon cooling
will be permanent. The laser 28 or an electrical discharge arrangemént or
separate shearing miember, is then operated to clip the wire. The contact ball 32
(Figure 3A) is formed using the laser 28 to heat the end of the contact pin 24B

25 and form a molten ball. Alternately, the electrical discharge arrangement or a '
hydrogen torch can be used to form the contact ball 32 (Figure 3A) at the end of
the contact pin 24B. '

Figure 3C illustrates another technique for heating and shaping a length of
30 wire using a heated capillary wire feed system. This technique is essentially the

-same as that previously explained for Figure 3B. In this case, 4 capillary tool 33



spring steel alloys. The contact pin 24 is attached to the sol der pad 22
using a wi re bonding apparatus. The contact pin 24 may be bonded
directly to the sol der pad 22 or a solder materi al ed
during t M@ WHKE%Hondi ng process. 5 Wre bond?ﬁﬁ@%%%ﬁg%s are
wel | known in the art. Wre bondi ng appar-atoss are manufactured by
Kul i cke and Soffa Industries, Inc., Horsham PA and M t subi shi

Denki, Japan. U.S. Patent No. 3,894,671 to Kulicke, Jr. et al. and

U S. Patent No. 4,877,173 - to Fujinoto et al. disclose representative wire
bondi ng apparatus. 10 . During the wire bondi ng process.the
end of the wihavinghadicating slement3basmoved in a path (q:mgn%ﬂatE}h%#engﬁ’eO’iWact

pin 24, is heated hy an~el ectrical. . dj (PP to
a nolten stat®rf Sgﬁﬁ”ﬁgf orb’ﬁ% sngfa@&q ﬁ&%%i Wq@t%flsoww%fgcﬂgﬁwmkﬁé g'@d of
the contact péefrRindublifesPid. €50P Pridential Resd, HesEed, PA 290Gnalidis 4 ool 15
agai nst the sol der pad 22. U]trqsom c vibrations are also applied to the
nol ten bal | componentof atwirg bpnding @apparghisnst t he sol der pad 22. This
mechani cgly bonds the wire to the sol der pad 22. The wire is then
electrically opened or sheared to formthe contact pin 24. 20
Fol | owi ng the wireFiaires 48 adB Hustrae dlfeyrate einbpdintent eshtatt fifs 24C and

stripped fromthe substrate 12. Dependi ng on t he phot oresj st forrmb tiaon
this can 24D. da Biguenphi Hecepniant pin 334G s fenmed wih %W“@PF'S t .In

addition, a pyot | | r qg,g.}, : t he
substrate 12 f’% ‘E’ﬁ%@é@?‘s{‘ ?Peedsslfg'f"%éé’ Ol?\”?itgu@m”&%%ogﬁsﬁltjggf ?étﬁgsan ﬁeﬁ??c% he
stresses appl prihg seginient 40rasitig muhipieibshapet segments fthateard wider dtrthenbabss ‘
notion of the_contact pins 24. ' Whh r ef ﬁqroengf Lﬁ"cFi ure 2,

a conpl ilht sin each gase thgsprngasegmepk 38 may be flat, as spayvp; s fopged Rath.2,

pi n 24A at ant@%yte angle with respect to the plane of the

substrate 12. € contact pin 24 is thus able to flex as indicated by

arrows 26 as 30 it is biased against a mating conponent (e.g., a contact

on a printed cir Cu'l?fefel}%%rgq}ow to Figures 5A-5E an alternate embodiment process for

forming contact pins on the semiconductor die 10 is shown. The alternate
15 embodiment process attaches contact pins 24W (Figure SE) to the bond pads 14 of

the die 10 using welding rather than wire bonding.

Initially a shorting layer 36 is blanket deposited over the substrate 12 and
bond pads 14 of the sethiconductor die 10. The shorting layer 36 is preferably
20  formed of a highly conductive material such as copper. Other suitable materials
include nickel or aluminum. The shorting layer is deposited using a suitable
metallization process such as electrolytic plating, chemical vapor deposition or
sputtering. The shorting layer 36 functions as an electrical path for a welding
current. This helps to shunt the welding current away from the integrated circui_ts

25 . which may be adversely affected by the.

Next, as shown in Figure 5B, a layer of photoresist 42 is deposited on the
shorting layer 36. The layer of photoresist 42 is developed and etched to form a
mask having a pattern of openings 44. Each opening 44 extends through the layer
30 of photoresist 42 to the shorting layer 36 and is aligned with a bond pad 14 of the
die 12.
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The contact pin 24A may be positioned at an angl e by appropriate

mani pul atwo86/04659 t he bondi ng tool of the wire bondi ng mAPesII14582

Wth reference to Figures 3A and 3B, a techhique for formng another 5
conpliant contact structure for a contact {I) n 24B is shown. As shown in

Fi gure 3A, the contact pin 24B includes a conpliant structure forned
as a spring segnent 34. In addition, the contact pin 24B includes a
contact ball 32 on the end. The - contact ball 32 facilitates '

el ectrical connect Negt,Ofs shB®nGarFigtte SC Rveﬁé?a&i 46 afe deposﬁtedrfﬁtthegapéﬂﬁéﬁﬂ
| ocation, such as a pad, torned on an I nterconnect or other 10 subStrate

(e.g., circuiandontodhe shorting layer 36. The wald pedSs6iar¢ deposited isingoamcess f or

formng the shaped contact: pin 24B with. a., Cc | ant ring,. segment
39,1 nan aut GG SURESHio APRGS ah arciieuly deschivéd BhE el Bra i AR0
bondi ng tool Rfmed offaemiterial &i¢ cén Be'easily Wekdeds Suifidle FfiEHIS inclde nickel,
control. Using appropriate software, the wire bonding tool 26 can be noved

in a 5 pgeld and aeppenul ate a length of wire to formthe spring segnent

34 (Figure 3A). . The spring segnent 34 includes a flat s-shaped
segnent as shown, or nay be formed with multiple coils twisted into
a spiral. At the sHeRt ¢ SBowh il Figiee S, @ontact pinsTdW 28 weldéd &PtHesweld\pads a

| ength of wire through a specified path, a |aser 28 20 focused through a
| ens 30 i niti4A using acweldingipiosess: nip sime pmbegimentsTihiesweldf pasis 46 axe not

cooting. - reufihd'dh thd ofifibe Mind S0 or B GeldiB UREHY I BE MG aG, 00
arrangement oOWelding apparansifot semivoaduagr AaRLRACtureé ard Signilardarcdnsudtionctoi p

the wwre. The contact ball 32 (Filtgure 3A) is formed using the |aser
28 to heat thwirghonding apparatus ard ags ysed for the same,perppsesn guitahle sveldiag) |

Torch can be ESTRIEE RERERGIS) B BERAE TR Sup bonder BALEARes.
the contact pWith?mbhor modifications to the electrical circuitry, flame-off components and
grounding of the workholder, such a wire-;.bonding apparatus can be modified to
15 perform the functions previously outlined in Figures 3D and 3C (i.e., heating and
shaping). |

In general, a welding apparatus uses an electﬁc current to generate the heat
necessary to form molten material at the interface of two metals. For the present
20 application the welding current is passed through the contact pins 24W and to the
| weld pads 46. The shorting layer 36 provideé a closed loop to carry the current
through all of the weld pads 46 formed on the die 10. The welding current forms
molten metal at the interface of each contact pin 24W and its respective weld pad
46 and bonds these elements together.
25 _
Next as shown in Figure SE, the layer of photoresist 42 is stripped. In
- addition, the shorting layer 36 is patterned and etched so that base pads 48 are
formed. This forms a stacked structure on each aluminum bond pad 14 which
includes the base pad 48, the weld pad 46 and the welded contact pin 24W. In
30 addition, a protective layer (not shown) can be applied to protect the surface of the

substrate 12 and limit the stresses applied to the contact pin-weld spot interface



Fi gure 3C illustrates another technique for heating and shaping a | ength of

30 Wre using a heated capillary wire feed system This technique is
essentially the sanme as that previously explained for Figure 3B. In
this casWOMWI4EIH | | ary tool 33 WD 96/ 14659 - PCT/US95/14482

PCT/ US95/ 14482 '~12- -10-

having a heating elenent 31.is noved in a path to mani pul ate the | ength of
Wre for shaping. One suitable heated capillary tool 33 is

manuf act ured by Kulicke and Soffa Industries, Inc., 507 Prudenti al
Road, Horsham PA 19044 and is a conponent of a wi re bondi ng
apparatus. from the motion of thé-contactspia24Wid Biring thesweldireg pdocess) tiieccontact
enbodi nent contact__pins 24C_and _- 24D. In Figure 4A, the con%a t _pin
24C i s for meBingi24\V £aB hei angledtnfarm agompliant structure g PreNipysty descel eq?raagd

segnents. | n_Fi. e ' | . @?gqn ' spring
segnent 40 h%@lﬁgﬁwﬁé%g?@%gﬁjgﬁgg&géé%%'?gltl{?%a aérMet§ \?aagebre tz?tr mt e base. 10
I'n ealch casesibstantially g predously descrited t#;esiidmanecasl)sm' gandfmovingawi th a
spiral twist. . . Ref erring._now to Figures 5A-5E an

al t ernate e%MWﬁW&@§%F the contact:pip 4%, cont act pins on the

sem conductor die 10 is shown. The alternate 15 enbodi nent process
attaches contact pins 24W (Figure 5E) to the bond pads 14 of the die
10 usi ng wel di ng Reféreingtivm toviRigureo 64i argl 6B, an interconnect 50 havimgtdoatdey a
shorting layer 36 Ls blanket deposited oyer the, sybstra 12 and

bond pads 14PBS -EoTTEAiI AeeerdaRee Hith the InveRios i oy Ll%éptesfenpgct 30
preferably 2 r b DRl oattERNESGE @11.5@ % R_rmed o SRR -

O her sui tab&gugae%gr{ﬂ;?gg&ﬂ& Bip\réfgfude 'nl}écuge o?gali%rri Eﬁm ‘?ﬁé shorting

| ayer 19 depbH2iasad aidiingonstaustingtdAnd subsequently using the interconnect 50. The :

circuit traces 54 can be formed by depositing and patterning a conductive metal.
A pattern of alignment fiducials 53 is also formed on the substrate 52.

A preferred material for the substrate 52 is silicon which will have the
15 same coefficient of thermal expansion as a silicon die. Other suitable materials
include ceramic and silicon on sapphire. The interconnect 50 is adapted for use
with a carrier for testing bare or unpackaged semicondﬁctor dice. The
interconnect 50 is adapted to establish temporary electrical communication between
a semiconductor die retained in the carrier and external test circuitry. U.S. Patent
20 No. 5,302,891 to Wood et al. entitled "Discrete Die Burn-In For Nonpackaged
Die" discloses a carrier that uses an interconnect.

In use, the interconnect 50 is placed within a test carrier, along with a die,
and the contact pins 56 formed on the interconnect S0 are placed in contact with
25 the bond pads on the die to establish an ohmic contact. The circuit traces 54 of
the interconnect are then placed in electrical communication with external test
circuitry. As an example, the circuit traces 54 may be wire bonded to external

connectors on the carrier which connect to the test circuitry.

30 As shown in Figure 6B, the contact pins 56 are formed on the circuit traces

54. The circuit traces 54 are formed of a conductive material such as a thick film



metal | i zati on process such as electrolytic plating, chem-cal vapor
deposition or sputtering. The shorting |ayer 36 functions as an

el ectrical path for a wel ding current. This helps to shunt the

wel di ng WO sE@REsEway fromthe integrated circuits 25 whi pOTUSYS/19382
adversely affected by the. Next, as shown in Figure 5B, a
‘layer- of photoresist 42 is deposited on Thé- shorting | ayer 36. The
| ayer of photoresist 42 is devel oped and etched to forma mask
having a pattern of openings 44. Each opening 44 extends through the |ayer
30 of photoresist 42 to the shorting layer 36 and is aligned with a bond
Eac$' ’ %Jggg; 12235&1 which {faudfied as it is dePGRifE/ ohfie Substrate 52 (e-8., sepeen

Next, as showrintingli A8 show@d iscFigure6C, te coneactipinast inctudes af dishaped isegmentd 4

and onto the shorting |layer 36. The | d_ pads 46 are, deposited using .an
el ectrol-ess cépolﬂ P‘i"gﬁ%ar &%%Epﬁrglfﬁwﬁa@é&l’q’%& tmﬁ%é&h%-

f Qi :al ' ' I
materials | noliak o A Y D pocli 66 Wil B Gt WD P WO LR A fle
shown i nsFi gumdesb fast.c Gihieaontapt pins 36\inay be fernwdsubstantially\ed pregiomsly 46

using a wel di rocess. In sone.enbodi nents the, weld pads_46 e not
required as t‘ﬂ"g" USIRS A WiLe BORMiRg, RTascess oA %Ié‘ﬂ‘l?%ﬁ“}geﬁqc SS; oEXEBPRRY i ng

layer. 10 diflefl4iod f@Pﬂﬁr&hEh%% gﬂfs iRQTAE 2 A ﬂ%%ﬁggghﬁ%ﬁr&%ﬁtgﬂ ar in

construction to wre I Nng apparatus an re r the same -
pur poses. Suifrerl3etonkd aritsgy appar atus are manufactured by the
previously identified wire bonder manufactures. Wth mnor

nodi fications to the electrical circuitry, flanme-off conponents and
g(r)oundlﬂs of the vRifehMgIREw t8 Fifures TALTC PARGAAS eABBAMAN InteAdnhEtsOdi fi ed

having contact pins formed in accordance with the invention are shown. In Figure
7A, an interconnect SOA includes a 'siiic'on substrate 52A, a circuit trace 54A and
a contact pin 60. The contact pin 60 is formed on the circuit trace 54A using a
- wire bonding process substantially as previously described. The contact pin 60

15 includes a base portion 76 attached to the circuit trace 54A, a spring segment 72
and a contact ball 62 formed on the end for contacting a bond pad of a die under
test. The ball 62 is formed using a gas flame (e.g., hydrogen gas) or electrical
discharge as previously described. |

20 In Figure 7B an in_te,rconnect 50B ihcludes a silicon substrate 52B, a circuit
trace 54B and contact pin 60B. In addition, the contact pin 60B includes a base
portion 78 and a contact ball 62B for contacting the bond pad of a die under test.
In this case, a compliant structure is achieved by attaching the contact pin 60B at
an acute angle to the substrate 52B. In other words, the axis of the contact pin

25 60B is situated at an acute angle with respect to the plane of the substrate 52.B. |
Furthermore, contact pin 60B rather than being attached directly to the circuit
trace 54B, attaches to the circuit trace via a bond site 74 formed on the circuit
trace 54B. The bond site 74 is a conductive layer, preferably a metal such as
nickel, that is plated or deposited on the circuit trace 54B. As before, the contact

30 ball 62B is formed using a gas flame or electricalldischarge., |



15 performthe functions previously outlined in Figures 3D and 3C (i.e.,
heati ng and shapi ng) . In general, a welding
apparatus uses an electric current to generate the heat necessary to

form nol WOP6H48S i al at the interface of two metals. For t RETHSEYHE2 o0

application the welding current is passed-iaough the contact pins 24W and

to the - weld pads 46. The shorting |ayer 36 provides a closed |oop to
carry the current through all of the weld pads 46 fornmed on the die
10. The wel ding current formns nolten netal at the interface of each
contact pin 24Wand its respective weld pad 46 and bonds t hese

P >
el ements toget her . .I’:}@igu.re 8, an intercqnmﬁoasingludema isﬂicpngubmﬁzﬁhgxrpw(gr.
pat forned and EiSehSACSRE Snijhe Substeate 20 30 8 Typds  Solihst wis 36484 8" °
stacked strucifdfed BnRE Birduit Fabes 540N THRGOnlatt Pfﬂs% have beenipiévibgas the
base pad 48, the weld pad 46 and the wel ded contact pin 24W “In 30

addi tion, a prdesesheadyeContpet pins 58 ase steaight pinsiadapted forgonnsciion tas tsogkes or
cont act pPn- vaPmalemEmBAE o fh B of thefiteriighicks S01E 58 b 1ER ERiA R e uhaks'®

PCT/ US95/ 14483est, the contact pins 56 are placed in contact with contact locations &8-the die.
fromthe notion of the contact pin 24W During the wel ding process, the

cont act Contagt pins/98 are placedhinn eontacy wilh externabigst ciewilyt r uct ure as
previ ously described. In addi tion, conpliant structures conprising
spring segnents nmay be forned substantially as previously described
by sinultaneously HEmis the invehtion\provides a method fordfobmirlg vomtact pinscéuitablenfort he '
contact pin 24W ] Referring now to Figures 6A and 6B, _an
i nter Conggct 315¢ B8 FORRCEAM active semiconductor dice or contacts on interconnects usefu
for testing unpackaged semiconductor dice. The contact pins preferably include a
compliant structure to permit flexure during the formation of an electrical

connection with a contact location on a mating component.

15 Although the invention has been described in terms of preferred
embodiments, it is intende;l that alternate embodiments of the inventive concepts

expressed herein be included within the scope of the following claims.



pins 56 formed in accordance with the invention is shown. The interconnect
50 i ncludes a substrate 52 and a pattern of circuit traces 54 forned
on the substrate 10 52 as an aid in constructing and subsequently using
t he i nt emeonere4s5950. The circuit traces 54 can be foperiisSosi14482
depositing and patterning a conductive netal . A pattern of alignnent
fiducials 53 is also forned on the subst r‘é’t%‘SZ A
preferred material for the substrate 52 is silicon which will have the 15
sane coefficient of thermal expansion as a silicon die. Qher suitable
material s i nclude ceram c and silicon.on sapphire. The interconnect
50 i s adapt edcg‘grm.e with a carrier for testing bare or unpackaged
sem conduct or di ce. The i nterconnect 50 is adapted to establish
tenporary electrical conmuni cation between a sem conductor die
retained in the carrier, an external test circuitry.. U S. Patent, 20

5,302, 891 to lod & mgho .Pn@as@mrétsgugp@%anmwrm%ﬁy&&@a&sa
Di e" di scl 0segnay Lﬁ@ridaggdttaaéspauggga%@%eﬁl il fibn with a coptact location: od B

use, the interconnect isp est carrier a die
and the sont asemiponductds diey oemdprisinghe i nter connect 50 are pl aced_ |n cont act
wth 25 t he bond pads on the die to establish an ohm c contact. The
circuit traces 54 of the interconnect are then placed in electrical-:
comuni cation wit hyexk&hoal sibsihte: circuitry. As an exanple, the
circuit traces 54 R‘ay e w re bonded to external ~connectors on the
carrier which connect to the test circuitry. 30 As shown in

Figure 6B, the cont ns .56 are f d on the circuit traces 54.
The circuit traces® ‘?Qf’thé‘?% a T oy §trg§ﬁ'duct| ve material such as a thick
film q0 WD 96/ 14659

PCT/ US95/ 14482 . . - 13-
. heating and shaping the wire into a compliant structure; and

severing the wire to form a contact pin.

15 .
2. The method as claimed in claim 1 and wherein:

attaching the wire to the substrate is by wire bonding.
20 3. The method as claimed in claim 1 and wherein:

attaching the wire to the substrate is by welding.
25 4. The method as claimed in claim 1 and wherein:

heating and shaping the wire is with a laser and a wire bonder tool

manipulated to bend the wire into a predetermined shape.

30

s. The method as claimed in claim 1 and wherein:

* c L N S *
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metal which is pattérned as it is deposited on the substrate 52 (e.g.,

screen printing). As shown in Figure 6C, the contact pin 56
i ncl udes a c-shaped segnent -64. In addition, the contact pin 56
i ncl udes wo bgig@sportion 68 that attaches to the Ci I perfiushérpfagz 54

and a tip portion 66 adapted to contact a bond pad 70 of a die 5 under
test. The contact pins 56 may be forned sdiéstantially as previously
described using a wire bonding process or a soldering process. Exenplary
di mrension for the contact pins include a dianmeter of 1 to 5 mls and a
hei ght of from3 to 10 mls. 10 Referring now to
Figures 7A-7C, alternate odi nent i.ntercqnnects ) havi ng cont act
pins formed in acé?ﬁaﬂﬁﬁéﬁg\%g?mns WP S (1 agF%‘e%ﬁWH.aryl Wgﬁ' gure

7A, an interconnect 50A includes a silicon substrate 52A, a circuit trace
54A and a contact pin 60. The contact pin 60 is fornmed on the
circuit trace 54A using a W re bondi ng process substantially as
previ ously descrihgd. The contact pin.G0 15 i ngl udes a base portion 76
attached to the ci F‘Fglqda?eé?s‘mdlg‘gﬂm }1@“@ B 72 and a

contact gall 62 fornmed on the end for contacting a bond pad of a die under
test. The ball 62 is fornmed using a gas flanme (e.g., hydrogen gas) or

el ectrical theliveios isr shapeds tpinchide s springessgmiehed. 20 I n

Figure 7B an interconnect 50B includes a silicon substrate 52B, a circuit
trace 54B and contact pin 60B. In addition, the contact pin 60B includes a
base portion 78 and a contact ball 62B for contacting the bond pad

of a die under test. In this case, a conpliant structure is

achi eved by &t achfhgymethodmasralaismedginrclgonBl and wherein: an acute angle to the '
substr 52B. In other words, the axis of the contact pin 25 60B i s
situated at an acute angle with respect to the plane of the substrate 52.B.

Furthernore, contahé wireistéhBpeédwith'a borticttRilgh &1 émrtiRfeddi rectly to the

circuit trace 54B, attaches to the circuit trace via a bond site 74
formed on the circuit trace 54B. The bond site 74 is a conductive
| ayer, preferably a netal such as . nickel, that is plated or

deposited on the circuit trace 54B. As before, the contact 30 ball 62B
is formed usi®ig a Aanethbader formihgeaicohdl pidi fof AR itterconnect, said contact pin

15 adapted to establish an electrical connection with a contact location on a
semiconductor die, comprising:

forming a substrate;

forming a conductive trace on the substrate;

20
forming a metal pin on the substrate in electrical communication with the

conductive trace said metal pin formed of a wire that is attached to
the substrate and then severed; and

25 heating and shaping the wire as it is attached to the substrate to form a

" compliant spring segment.
9. The method as claimed in claim 8 and wherein;
30

the compliant spring segment is c-shéped.

T O



WD 96/ 14659

PCT/ US95/ 14482 ' - -14-

In Figure 8, an interconnect 50C includes a silicon substrate 52C, circuit
traces 5S¢ depagmd on the substrate 52C and two types of conpeTtUsps/pE8b6 and
58 : formed on the circuit traces 54C. The contact pins 56 have been
previously descri bed. Contact pifis’58 are straight pins adapted for
connection to a socket or 5 femal e menber. In use of the interconnect
50Cin a test carrier for a die under test, the contact pins 56 are
pl aced in contact with contact |ocations on the die. Cont act pins
58 are placed in-contact with external test circuitry.

Thus the invention provides a nethod for formng contact pins suitable for
10 use as 1@Nt aFhé mehoACAs dlginfedrinaulaich8tand whereinor contacts on

i nt erconnects useful for testing unpackaged sem conductor .di ce. The
contact pins preferably include a conpliant structure to permt

fl exure during the E%ro@lfaﬂpsﬁﬁ .%ﬁﬁmeﬁﬁsré'%b“d connection with a

contact | ocation o Al t hough t he
inventiog has been descri bed in terns of preferred enbodi ments, it
is intended that alternate enbodi ments of the inventive concepts
expressed herein be included within the scope of the follow ng clains.

VO 96/ 14659 g The method as claimed in claim 8 and wherein:

PCT/ US95/ 144 -15-

the spring segment is wider at a base.

10

12.  The method as claimed in claim 8 and wherein:

the wire is attached to the substrate at an acute angle with respect to a

15 plane of the substrate.

13.  The method as claimed in claim 8 and further comprising:
20 forming a contact ball on an end of thg length of wire.

14.  The method as claimed in claim 8 and wherein:
25 the wire is attached to the substrate by wire bonding the wire to a bond site

formed on the substrate.

15. The method as claimed in claim 8 and wherein:

30

the wire is attached to the substrate by welding.

R ) A



CLAI MS: 1. A nmethod for formng a contact structure on an

I nt erconnect, said contact structure adapted to establish an

el ectrical connection with a contact location on a 5 sem conduct or di e,
conpri si Y 96/14659 provi ding a substrate,; PCT/US95/14482
attaching a wire to the substrate; 10 -1~ heating and shaping the
wWre into a conpliant structure; and severing the wire to
forma contact pin. 15 2. The nethod as clainmed in claim1 and
wher ei n: attaching the wire to the substrate is by wire

bondi ng. 20 3. The nethod as clainmed in claim1 and wherein:
attaching the wire to the substrate is by welding. 25 4. The

met hod as clainmed in claim1 and wherein: . heati ng and

shapi ng the 6t e iA méthod for formingaccontact pin forradeintérconnect said contact pin
adapted to establish an electrical connection with a contact location on a
semiconductor die, comprising:

forming a substrate;
forming a conductive trace on the substrate;
10 forming a metal pin on the substrate in electrical communication with the
conductive trace said metal pin formed of a wire that is wire bonded

to the substrate and then severed; and

heating and shaping the wire as it is wire bonded to form the metal pin
is with a compliant spring segment.

17.  The method as claimed in claim 16 and wherein;

20 heating and shaping the wire is by manipulating a wire bonding tool while

a laser heats the wire.

18. The method as claimed in claim 16 and wherein:
25 |
heating and shaping the wire is by manipulating a capillary tube having a
heating element.

30 19, The method as cla.irhed in claim 16 and wherein: -

* [ L N S *



mani pul ated to bend the wire into a predeterm ned shape. 30 5.

The nethod as clainmed in claim1 and wherein: WO 96/ 14659

PCT/ US95/ 14482 _ -16-

heating W0I9&IME8 ng the wire is with a heated capillary tubPCTNUS95/14482 6.
The nethod as clainmed in claim1 and wher«iin: 5 the wire is

shaped to include a spring segnent. =i 7 The net hod as cl ai ned

in claiml and wherein: 10 - the wire is shaped with a contact

ball on an end thereof. 8. A method for formng a contact pin
for an interconnect, said contact pin 15 adapted to establish an

el ectrical connectigiphhp Regmets afthcHed 48 th® Sutiifta® at an acute angle with
| ' respect to a plane of the substrate.
5 20.  The method as claimed in claim 16 and wherein:

the spring segment is wider at a base than at a tip.

10 21.  The method as claimed in claim 16 and further comprising:

forming a ball on an end of the wire.

15 = 22. The method as claimed in claim 16 and wherein:

the conductive trace includes a bond site and the wire is wire bonded to the

bond site.
20
23. A method for forming a contact structure on a semiconductor die, said die
including a substrate with integrated circuitry and a die pad in electrical
communication with the integrated circuitry, said method comprising:
25 - forming a solder pad on the die pad;

‘attaching a, metal wire to the solder pad using a wire bonding process;

heating and shaping the metal wire into a compliant structure as it is wire
30 _ ' bénded; and

* c L M S *



sem conductor die, conprising: form ng a substrate;
formng a conductive trace on the substrate; 20 ' formng a
nmetal pin on the substrate in electrical comunication with the
conduct iwO 9614859 said netal pin formed of a wire that is atrCIs9s14482

t he substrate and then severed; and 25_ 0 heati ng and shaping the
wire as it is attached to the substrate 12°form a :
conpliant spring segnent. 9. The nethod as clainmed in claim8
and wherein; 30 t he conpliant spring segnent is c-shaped.

WD 96/ 14659 -

PCT/ US95/ 14482 : : d . : -17-
severing the metal wire to form contact pins on the die pad:
10. The met hod as (ﬁ% madm?n claim8 and V\%epresl n: P

24. The method as claimed in claim 23 and wherein:

the metal wire is attached to the substrate at an acute angle with respect to
a plane of the substrate to provide the compliant structure.

10  25.  The method as claimed in claim 23 and further comprising:

heating and shaping the metal wire with a spring segment as it is attached
to the solder pad to provide the compliant structure.

15 .
26.  The method as claimed in claim 23 and further comprising:
forming a contact ball on an end of the metal wire.
20 | .
27.  The method as claimed in claim 23 and wherein:
heating the metal wire is w1th a laser and shéping the metal wire is by
manipulating a wire'bbnding tool.
25
-~ 28.  The method as claimed in claim 23 and wherein:
heating and shaping the metal wire is With a heated capillary tool.
30 ' |

i c L [, | s *



the conpliant spring segnent is s-shaped. 5 11. The rret.hod as

clainmed in claim8 and wherein: the spring segnent is w der
at a base. 10 12. The method as clainmed in claim8 and wherein:
the wire wossiigesohed to the substrate at an acute angle w t POTAIN9SM44820 a
15 pl ane of the substrat% 13. The net hod
as claimed in claim8 and further conprisr b? 20 forming a
contact ball on an end of the length of wre. _ 14. The net hod
as claimed in claim8 and wherein: 25 the wire is attached to

the substrate by wire bonding the wire to a bond site

formed on thegubSH fiefhod for forming a cdntact striffird'8h A0ndEoridwdidtedle hivingdl M 8

and wher ein: o _
plurality of die pads in electrical communication with integrated circuitry formed

on the die, said method comprising:

5 forming a mask on the'substrate having an opening aligned with the die
pads;

forming a shorting layer on the substrate to electrically connect the die
.pads; |

10 __ o
forming welding pads in the openings in electrical contact with the die

pads; '

attaching metal wires to the welding pads using a welding process;
15 |
heating and shaping the me_tal wires during the welding process into a
compliant structure; -

severing the metal wire to form contact pins; and
20 '
removing the shorting layer except in an area in contact with the welding

pads.

25 30. The method as claimed in claim 29 and wherein:

the metal wires are attached to the substrate at an acute angle with respect
to a plane of the substrate.

30

_—

g

31. The method as claimed in claim 29 and wherein:



30 the wire is attached to the substrate by wel di ng.
WD 96/ 14659

PCT/ Us95/

r?é?é%i‘qs%r formng a contact pin for an inter connec?@ﬂlsas’wmact
pl n adapted to establish an electrigsl connection with a contact -
| ocation an a sem conductor die, conprising: 5
form ng a substrate; form ng a conductive trace on the
substrat e; 10 formng a netal pin on the substrate in
el ectrical conmmunication with the conductive trace
said netal pin for thedconftacs piny aretformed withi z springnstgchent during the heating and  t o
the substrate and then sgvered; and heati ng and shapi ng t he
wireas it is wire bondégaﬂﬁgistﬁ’mthe nmetal pin 15 with a

conpliant spring segnent. 17. The nmethod as clainmed in claim
16 and wherein;

5 32. The method as claimed in claim 29 and further comprising:

forming a ball on an end of the contact pins.

10 33.  The method as claimed in claim 29 and wherein:

heating the metal wire is with a laser.

15 34.  The method as claimed in claim 29 and wherein:

heating and shaping the metal wire is with a heated capillafy tool.

[ i



20

bondi ng tool while

18.

heating and shaping the wire is by nanlpulatlng awre

a | aser heats the wre.

The nmethod as clainmed in claim16 and mhereln 25

heati ng wulogzi4gsg Nng the wire is by mani pul ati ng a capil | ar yPCRUSISIBMEDIg a

heati ng el enent.
wher ei n:
PCT/ US95/ 14482

30
WO 96/ 14659

19.

The nethod as clained in claim 16 and

-19-

the spring segnment is attached to the suﬂé?rate at an acute angle with

respect to a plane of the substrate. 5

in claim16 and wherein:

14

20. The nmet hod as cl ai ned
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the spring segnent is wider at a base than at a tip. 10 21. The
nethod as clainmed in claim 16 and further conprising:

formng a ball on an end of the wre. 15 22. The net hod as cl ai ned
i n cl ai Mo sergsoher ei n: t he conductive trapeTiurss/iudes a
bond site and the wire is wire bonded to the bond
site. 20 23. A nethod for formng a contact structure on a
sem conductor die, said die i ncl U(y/gg a subst rate with integrated
circuitry and a die pa?jn el2dAt 2% cal comuni 24k onzgnth t he
Integrated circuitry, ol _conpri si ng: 252 formng a
sol der pad on the die pad; *‘\ 27 attachp tal wire to the
sol der pad using a w r22 D Dr eSS &ﬂl ng and
shapi ng the netal wire int el ant st ruct #0& S~ re 30
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WD 96/ 14659

PCT/ US95/ 14482 - 20-

severing the netal wire to formcontact pins on the di e pad. 24.
The met hoWQ¥%/1d5%i ned in clai m 23 and wherein: 5 PCT/Ud98R 44851t 2l
wire is attached to the substrate at an acute angle with respect 1o

a plane of the substrate to provide the conpliant structure. 10 25.

The nmethod as clained in claim23 and fur

r conpri sing:
heati ng and shaping the netal wire with a

305

ring segnent as it is attached

to the solder pad to provide the conpliant structure. - 15 26. The
nethod as clainmed in claim23 and further conprising:

form ng a contact ball on an end of the netal wre. 20 27.  The
method as claimed in claiyg 23 and whdbei n: 14 10 -

by
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heating the netal wire is with a | aser and shaping the netal wire is by

mani pul ating a wire bondi ng tool. 25 28. The net hod as cl ai ned
in claim23 and wherein: -heating and shaping the netal wire
is with wossauesy capillary tool. 30 WO 96/ 14659 PCT/US95/14482

PCT/ US95/ 14482 -21-

29. A nmethod for formng a contact structure on a sem conductor die
having a - plurality of die pads in 3G§ctrical comuni catton with
integrated circuitry formed _ on thé e, said nethod conprising: 5
formng a mask on the substrate having an opening aligned with the die
pads; formng a shorting | ayer on the substrate to

el ectrically connect the die pads; 10

form ng wel di ng padsilsolgi:ifﬁnngs in electrical contact with the die
pads; : _ :

(

FIG.6C
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attaching netal wires to the wel ding pads using a wel ding process; 15
heating and shaping the netal wires during the welding process into a

conpliant structure; severing the netal wire to form
cont act pPwWOS/14658 20 renovi ng the shorting | ®RCIWUSISAS482 | N
~an area in contact with the wel ding pads. 25
. 30. The method as claimed in claim29 and wherein: t he
- netal wires are attached to the substrat an acute angle with respect
to a plane of the substrate. 30 _ ™ The nmethod as clainmed in
- claim 29 and wherein: WD 96/ 14659 ,
- PCT/ US95/ 14482 -22-

. the contact pins are forned with a spring segnment during the heating and
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shaping step.*

conpri si ng:
10 33.
heati ng t he

cl ai ned

in cmgq;

5 32.

The nmet hod as clained’

9 and wher ei n:

The'nethod'as cl ai ned
forn1ng a bal.
in claim 29 and wherein:

wreis Wkﬁibﬁhﬂdﬁbﬁhmrmxﬁxﬁﬁomaunﬁﬂnnn The meNEMEd

in claim29 and
-on"an end of the conjaeal

Bureau heati ng and shaping the
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A method for forming contact pins adapted to form an electrical connection with a mating contact location is provided. In a first
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