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SELF-LIMTING S| LI CON BASED | NTERCONNECT FOR TESTI

SEM CONDUB@P6/H4668= This invention relates é’é’ﬂggag? 0
-sem conductor nanufacture and nore - particularly to nethods for
fabricating an interconnect suitable for testing the 15 operability of

integrated circuitry on a bare, discrete sem conductor die.

One of the fastest grow ng segnents of the sem conductor industry is the
manuf acture of nulti-chip nodules ( . Multi-chip nodul es are being

i ncreasingly used in conputers to formPC chip sets and in

t el econmuni cati on. 20 itens such as nodens and cel lul ar tel ephones. In
addi ti on, Sconsuner el ectronic products such as watches and
calculators typically include nulti-chip nodules.

10 METHOD FOR FABRICATING A SELF-LIMITING SILICON BASED
INTERCONNECT FOR TESTING BARE SEMICONDUCTOR DICE

This invention relates generally to semiconductor manufé.cture and more
particularly to methods for fz_\bricatihg an-interconnect suitable for testing the
15 operability of integrated circuitry on a bare, discrete semiconductor die.

One of the fastest growing segments of the semiconductor industry is the
manufacture of multi-chip modules (MCM). Multi-chip modules are being
increasingly used in computers to form PC chip sets and in telecommunication

20 items such as modems and cellular telephones. In addition, consumer electronic
products such as watches and calculators typically include multi-chip modules.

With a multi-chip module, non-encapsulated dice (i.e., chips) are secured
to a substrate using an adhesive. Electrical connections are then made directly to
25 the bond pads on each die and to electrical leads on the substrate. The multi-chip
module is favored because it provides significant cost and performance
characteristics over packaged dice. It has been estimated that by the yeér 2000,
. 25% of all dice will be utilized in their bare or unpackaged form.

30 In view of the trend towards multi-chip modules, semiconductor
manufacturers are required to supply unencapsulated dice that have been tested and
certified as known good die (KGD). This has led to the development of test
apparatus suitable for testing individual or discrete semiconductor die. As an

example, test apparatus for conducting burn-in tests for discrete die are disclosed
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in U S. Patent hﬁ(t)r}lmé??g%, 107 to Corbett et al. and U S. Patent No.
5,302,891 to Wod et al., which are assigned to Mcron Technol ogy,

Pat ent. Mo, 5. 123, B0V bHRs typp of teshpibardfe d fonpermangl AR SRfRotdh s,
to Malhi et al pe niddedRrwier tﬁéﬁbﬁlﬁﬂisfd? oftf¥ @6ntabt locations iohl B Sdiscrete die
and the external test circuitry of the test apparatus. The bond pads provide a'

10 connection point for testing the integrated circuitry of the die. Bond pads on
semiconductor dice are typically formed of either aluminum, gold or solder using
different pad metallurgies. Furthermore, a bond pad may have a flat planar
‘configuration or it may be formed as a raised bump.

15 The test apparatus for discrete die employ different techniques for making a
non permanent connection to the bond pads of the die. As an example, the |
previously cited Wood et al. device employs a die contact member that utilizes
non-bonded TAB (tape automated bonding) technology. The Elder et al. device
utilizes a flexible interconnect member having an arrangement of probe bumps or

20 members for contacting the B,ond pads. The Malhi et al. device uses an
arrangement of cantilevered probe tips to contact the bond pads.

Alternately, non permanent wire bonding may be employed to effect the
electrical connection. U.S. Patent No. 5,173,451 to Kinsman assigned to Micro_n
25 Technology, Inc. describes a method in which each die is mounted in a carrier and
bond wires are non permanently attached to the bond pads using ultra_sohic wedge
- bonding. The carrier and die are placed in the test apparatus and the bond wirés _
are connected to external test circuitry for testing the integrated circuits on the die.
Following completion of the test procedure, the temporary bond wires are
30 separated from the bond pads and the die is separated from the carrier.




\_Nth this type of test apparatus, a non-permanent electrical connection

nmust . be made between the bond pads or other contact |ocations on a
bare, discrete die and the external test circuitry of the test
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Regardless of which bond pad conneétion technique is employed, it is
desirable to effect a connection that causes as little damage as possible to the bond

15 pad. If the temporary connection to a bond pad damages the pad, the entire die
may be rendered as defective. This is difficult to accomplish because the .
connection must also produce a low resistance or chmic contact with the bond pad.
A bond pad typically includes a metal oxide layer that must be penetrated to make

- an ohmic contact. Some prior art interconnect structures, such as probe cards,

20 _ scrape the bond pads which wipes away this oxide layer and causes excessive
damage to the bond pads. Probe tips may pierce both the oxide layer and the
metal bond pad and leave a deep gouge. Other interconnect structures, such as

" probe bumps, may not even pierce the oxide layer preventing the formation of an
ohmic contact.

25

Another important consideration in KGD testing is the effect of meﬁnal
expansion during the test procedure. During burn-in testing, a die is heated to an
elevated temperature. - This causes thermal expansion of the die and test fixture. -
If the bond pads and the interconnect structure expand by a different amount,

30 stress may develop between these components and adversely effect the electrical

connection there between. This may also lead to excessive damage of bond pads.
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I'n addition to wire bonding, TAB connections and probe tips, other

i nterconnect structures have been used to-connect the bond pads on a die
with the circuitry of a test apparatus. As an exanple, U.S. Patent
No. 5,177,439 to Liu et ~al., describes a test apparatus that

i ncl udes a probe cark® Beveralpqurregt physical testing apparatus fartesting WHSCFete he bond

pads of a die. ety b $eddnd ' TR t or ned
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an ohm c contact. Some pfior arf interconnect structures, suth as probe

cards, 20 s cseaieondnctob magufagtise and that prqyides andmpravied inteicdenect steucturad

Causes excess! Vi is yet another object of the present invention to provide an improved method for

fabricating temporary interconnects that are characterized by contact members

having a conductive tip and a low resistance conductive trace for connection to
15 external test circuitry.

In accordance with the present invention, a method of fabricating a
temporary interconnect suitable for use in testing bare, discrete semiconductor dice
is provided. The interconnect includes a silicon substrate having projecting

20 contact rnemb_érs adapted to contact bond pads or other contact locations on a die.
The contact members are formed integrally with the substrate in a pattern that
‘matches the size and spacing of the bond pads on the die. The tip of each contact
member is covered with a conductive layer. The conductive layer may be formed
of a metal or a silicide. Conductive traces or runners are formed in electrical

25  contact with the conductive layer. Bond wires are attached to the conductive
traces to provide a conductive path to external test circuitry. In addition, the tip
of each contact member includes one or more raised projebtions covered with the
conductive layer and adapted to pierce the bond pads of the die to establish an
ohmic contact. In an illustrative embodiment the raised projections are formed as

30  sharpened blades or knife edges. The penetfation depth of the raised projections
into the bond pad is self-limiting by the dimensions and structure of the contact
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obj ect of the fpr esent invention to é)r ovide an inproved nethod for
orm a silicide (e.g., Pt812 TiSi2). The silicon containing layer and the metal
layer are then removed by etching selectively with respect to the silicide layer.
Following formation of the silicide layer, a conductive layer (e.g., aluminum) is
deposited (making contact to the silicide layer) and patterned to form the

15 conductive traces.

Preferably a large number of interconnects are formed on a single substrate
or wafer. This substrate can then be diced (e.g., saw cut) to singulate the -
- interconnects. ' |
20
The method of the invention stated in detail comprises the steps of: forming
an array of raised contact members on a substrate each having a projecting apex
(e.g., knife edge, pointed projection) for penetrating a bond pad of the die;
forming an insulative layer (e.g., oxide) on the contact members and substrate;
25 forming a silicon containing layer on the insulating layer; forming a ‘second
~ insulating layer over the silicon containing layér; removing the second insulating
layer on the contact member to expose the underlying silicon containing layer;
depositing a first metal layer on the contact members and substrate; sintering the
- first metal layer and the silicon containing layer to form a silicide layer;
30 selectively etching the first metal layer selective to the silicide layer to leave the

contact member covered by the silicide layer; selectively etching the second



f-abricatin grary interconnects that are characterized by contact
nenber s %686'% ng a conductive tip and a | ow resistance %GHHM
trace for connection to ‘15 external testesircuitry. In
accordance w t-h the present invention, a method of fabricating a

tenporary .interconnect suitable for use in testing bare, discrete

sem conduct or dice I's provided. The interconnect includes a silicon
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are attachgd to the conductive traces to provide a conductive path
to external test circuitry. In addition, the tip of each contact
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50T US95/ 19483 y ) ges and capabilities of the present £1)r_wentmn will

menbers and r ai BESEME Rgre APPaEBt asyhe desariptionyproceedop surface of the contact
menbers acts as a penetration stop plane for the raised projections.

Figure 1 is a schematic cross sectional view of a portion of a
semiconductor substrate, showing an initial process step for forming an

15 interconnect in accordance with the invention;

Figure 2 is a schematic cross sectional view of the substrate showing
another step of the method of the invention;

20 Figure 3 is a plan view of Figure 2;

Figure 4 is a schematic cross sectional view of the substrate showing
another step in the method of the inirention;

25, Figure 5 is a schematic cross sectional view of the substrate showing
another step in the method of the invention;

Figure 6 is a plan view of Figure 5;

30 Figure 7 is a schematic cross sectional view of the substrate showing

another step in the method of the invention;



The method of the inventi on, generally stated, conprises a nethod for 5
formng the contact nenbers, the conductive |ayer on the tips of the

cont act nenbers and the conductive traces to the conductive | ayer.
The condudVPI¥14664 cr formed at the tip of each cont RATGIMMMES | S
separated fromthe silicon substrate -7-0f the interconnect by an
insulating layer. For formng a silicide conductive | ayer, a silicon

containing layer (e.g., polysilicon, . anorphous silicon) and a netal |ayer
10 (eg., platinum titaniunm) may be deposited on the contact nenber and
reacted to forma silicide (e.g., PtSi2, TiSi2). The silicon

cont.ai ni ng | ayer  anBigure8 iga schematic cross seationak viewnfrthe syhstrate showingchi ng

selectively w Cs id g ci .aver. Foll owi ng formati on
of the silicide 533’%%%‘%%#5@@#{’/%&%@@?&%9 al uminunm) is

deposited (nmaking contact.to the silicide |layer) and patterned to formthe
15 conducti ve trgces. ... . ] Preferaply, a | arge nupber  of
‘interconnects are fﬁ}gﬁgq96§]aéc1§m§élpé)emv,ea\p%w sﬁox};mg aBPu‘aﬁ?t%? In g’ﬁi s
substrat e scan mbdiodHF the fRentich Mustr&tihy garfidlly onfplEted caftict!Ménbers;

i nt erconnects. 20 The met hod“of t'he invention .stated in
detail conprises the steps of: formng an array of raised contact .
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form ng an i nsof theiikvention dor forming a eundietivesilitide 1enbadke G 6hehS c@itatt

substrate; 25 ormng a silicon containing layer on the insulating
| ayer; form ngM& . ond ' insul ating layer over the silicon
contai ni g | ayer; renoving the second insul ating | ayer on the

contact -menber to expose the underlying silicon containing |ayer;
depositing a first Figuse 11 i/ schematin srasssectionalniens shewingcdnotes stepiirethe
sintering the . kLS .ayer and the silicon containing |ayer to
forma silici dfe‘”ﬁ“stﬁ%‘% ?I.%gmagéeﬁgé’i-vel y etching the first netal [|ayer
selective to the silicide layer to | eave the contact nenber covered

by the silicide | ayle_r; sﬂecti vely etching the second . .
igure 12 1s a schematic cross sectional view showing another step in the

15 formation of the conductive silicide layer;

Figure 13 is a schematic cross sectional view showing another step in the
formation of the silicide layer; '

20 | Figure 14 is a schematic cross sectional view showing the completed
contact member and conductive traces;

Figure 15 is a schematic cross sectional view showing an interconnect
constructed in accordance with the invention in electrical contact with the bond

25 pads of a semiconductor die during testing of the .die;

Figure 16 is a schematic cross sectional view showing an alternate

embodiment of the completed contact member and conductive traces; and

30 Figure 17 is a plan view of the completed interconnect with a die

superimposed thereon.
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i nsulating | ayer and silicon containing | ager selective to the sil.icide
l"ayer; _ depositing a second nmetal |ayer on the substrate in contact
with the silicide |ayer; and then etching the second netal |ayer
fromsel ected areas to form conductive traces in contact with the
silicide layer. 5 One advantage of this process is that it

al lows the contact RERE nbW tOFigure 1, a Fracdsk Yor! forming an interconmett 1Giforgned,
|l ow resistivity silicide Tayer. Inm addition, this
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_step for form ngadNayer 16 is'aBbR’SOOANSB000A. ArHeOmaklageri6 May be formedusing);
Figure 2 is a schenmatic cross sectional view of the substrate show ng

anot her st ep. ofa suiablesdepositiest progessispcheas C¥P. 20 Figure 3is a
pl an view of Figure 2; . Figure 4 is a schematic cross
sectional view of the substrate show ng

Next, as shown in Figure 2, the mask layer 16 is patterned and etched
10 selective to the substrate 12 to form a hard mask that includes masking blocks 18,
20, 24 and 26. Depending on the materials used for the mask layer 16 this etch
step may be performed using a wet or dry etch. As an example, a layer of silicon
nitride may be etched using hot (e.g., 180°C) phosphoric acid. )

15 ~ As shown in the plan view of Figure 3, the masking blocks 18, 20, 24 and
26 are formed in a parallel spaced array and are sized and shaped to fit within the
perimeters of a generally rectangular or square shaped bond pad of a '
semiconductor die (e.g., 100um x 100um). As is apparent, such a parallel spaced
array is merely exemplary and other configurations are possible. Other suitable

20 arrangements for the masking blocks include enclosed rectangles, squares
triangles, T-shapes and X-shapes.

Next, as shown in Figure 4, a wet or dry isotropic or anisotropic etch
process is used to form projecting apexes 40, 42, 44, 46 on the substrate. For an
25 anisotropic etch, in which the etch rate is different in different directions, an
~ etchant solution containing a mixture of KOH and H,0 may be uﬁlizéd. This
isotropic etch results in the formation of triangular tips as shown in Figure 5.
" This is a result of the different etch rates of monocrystalline silicon along the
different crystalline orientations. For an isotropic etéh, in which the etch rate is
30 -~ the same in all directions, an etchant solution containing a mixture of HF, HNO,
and H,0 may be utilized.
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schematic cross sectional view of the substrate show ng anot her step
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Figure 8 is a schematic cross sectional view of the substrate shovvi ng

anot her step in the method of the |nvent|on gure'9 is a
schematic perspect |6B°WF@W,§R(PMQ§Q ARGSOIEGPIG PR ANISQIrapie etch Pfoc%tthﬁd of the
invention ill S}gﬁer

Figure 10 is Uﬁﬁ, i°c cgrdgzé&%ae@%égjﬁg‘lgg@vmg anoaﬁgomc{nér?flt%ethe

. met hod subﬁtratbdm not eovered biyche imasking blacks dBdﬁO,t 24/,26;idf itle chask layer on
the tip on the gox{ac
s an example, the oxidizing atmosphere may comprise steam and 0, at an
5 - elevated temperature (e.g. 950°C). The oxidizing atmosphere oxidizes the _
exposed portions of the substrate 12 and forms an insulating layer 49 (e.g., silicon
dioxide). At the same time, projecting apexes 40, 42, 44 and 46 are formed under
the masking blocks. The projecting apexes 40, 42, 44, 46 may also be formed by

a deposition process out of a different material than the substrate 12.

10 )
Next, as shown in Figure 5, the masking blocks 18, 20, 24, 26 are stripped
- using a wet etchant such as H,PO, that is sé_lective to the substrate 12. With an
oxidizing process the insulating layer 49 is stripped using a suitable wet etchant
such as HF. ' |
15

Thus as shown in to Figure 6, the steps of patterning and etching and
stripping form projecting apexes 40, 42, 44, 46 which are in the form of parallel
spaced knife edges. The projectix)g apexes 40, 42, 44, 46 form an apex group 43
which has an overall peripheral dimension which falls within the boundaries of a
2.0 _ generally rectangular or square bond pad of a semiconductor die. Although-
multiplé knife edges are formed for each bdnd pad, it is to be understood that a
single knife edge per bond pad would also be suitable.

The p'rojecﬁng apéxes 40, 42, 44, 46 project from a surface 56 of the
25 substrate 12 and include tips 58 and bases 60. Bases 60 of adjacent projecting |
apexes 40, 42, 44, 46 are spaced from one a;iother a distance sufficient to define a
penetration stop plane 62 there between. Example Spacihg between apexes would
be 10 um, while an example length of an individual stop plane 62 would be from
3 to 10 pM. The function of the penetration stop plane 62 will be apparent from
30 the continuing discussion. The tip 58 and base 60 of each projecting apex 40, 42,
44, 46 are spaced apart by a protecting distance that is preferably about one-half
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Figure 12 is a schematic cross sectional \Wi@w showi ng another step in the
15 formati on of the conductive silicide |ayer; Fi gure
13 is a schematic cross sectional view show ng another step in the
formation of the silicide |ayer; 20 Figure 14 is a schematic
cross sectional view show n% the conp contact nenber, and
conduct i ve tradhe thickness of a bond pad on|a1 Sgﬁﬂ@ﬂﬂ@t‘i’fsdlﬁ Ahahexample, Biss

sectional view nﬁi‘?ﬂ
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seni conduct or ¢he peojecting dpexes 4@ 4, 44,6048 additional etching may be us‘adgorfarthﬁ i's

a schematic cross sectional view showng an alternate enbodi ment of
t he conpl et ed égﬁ’tPSEt m‘thn#’c@zmﬁtive traces; and 30
Figure 17 s a plan view of the conpl eted interconnect with a die-
superi nposed t hereon.
Next, as shown in Figure 7, all of the projecting apexes 40, 42, 44, 46 in

apex group 43 are covered with a nitride masking layer 64 and photopatterned.
Then as shown in Figure 8, the substrate 12 is etched around the masking layer 64
to form raised contact members 65. Typical etching techniques comprise wet

10 anisotropic etching with a mixture of KOH:H,0. This type of etching is also
known in the art as bulk micro-machining. The contact members 65 are sized and
shaped to contact a bond pad of a semiconductor die. Each contact member 65
viewed from above has a generally square rectangular peripheral configuration and
is dimensioned to fall within the perimeter of a bond pad. The contact members

15 65 can also be formed in other peripheral configurations such as triangles,
polygons or circles. The height of each contact member 65 will be on the order of
50-100 pm and the width on each side about 40-80 ym. Figure 9 shows two
adjacent contact members 65a and 65b extending from the substrate. The spacing
of the contact members 65a and 65b matches the spacmg of adjacent bond pads on

20 a semiconductor die (e.g., 50 to 100um).

The method of the invention is adapted to form a conductive silicide layer
78A (Figure 14) on the tip of each contact member 65. In addition, conductive
traces 80 (Figure 14) are formed to provide a conductive path to the silicide layer

25 78A (Figure 14). This segment of the process is illustrated in Figures 10-14. |

 Initially, as shown in Figure 10, an insuléﬁng layer _68.'(e.g-., Si0y), is
formed on the substrate 12 and contact members 65. The insulating layer 68 is
| formed by oxidation of the substrate 12 and may be accomplished by exposing the
30 substrate 12 and to an oxidizing atmosphere for a short time. SiO, can also be
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PCT/ US95/ 14483 . - Referring nowto Figure 1,- a process for
form ng an interconnect 10 for testing discrete sem conductor die is
shown. Thavos«r6bnnect 10 includes a substrate 12 fREHESPSHH4E

sem conducting material such as nonocrystaljine silicon. The
substrate 12 includes a planar outer surface 14 having a nmask | ayer 16 of a
5 material such as silicon nitride (Si3N4) formed thereon. A typical

t hi ckness for the mask | ayer 16 is about 500A to 3000A. The nask

_ layer 16 may be fornmed using a suitabl e-deposition process such as

~ CVD. . deposited dEing CVI3. AnothericomFaanly esed, insulatonagikableaforthis purpose
patterned and e&ggﬁd 10 selecti've to the substrate 12 to forma hard
mask that incl Bd¥Nvaski ng bl ocks 18, 20, 24 and 26. Depending on
the materials used for the mask | ayer 16 this etch step may be
performed using a wet or dry etch. As an exanple, a layer of silicgn

nitrihde may bﬁ et chAg alssi shgwndn Rigurg 10, agdlicon containing dayen sych aspalysilicons
As shown in t V) R ; : . .
26 are forér1red .faP( g}a.qgégrlgﬂqwgﬁ og p'ggg{cfﬁ??f‘%y@ﬂgg ;lr‘!éﬂég?éz?gﬁﬁéﬁc} &gﬁaﬁgﬁ rtgém?#l?
\t/)m'tgi n Ej hef “to forpea bilb;dendgnatmta;dgynra]& @’igmiga)fguﬁag subsiq;guapmcsss'umig .
ond pad of a eni con or di €. 0., errlm ' :
appargnt, suchTQ"'-QﬁlryéﬁFB“i@ﬁﬁ?gd“ay ke F°"“§F%§)9°P§P P%‘;Q}’%,Pgﬁﬁ{@fr’{‘/] g)nd ot hle?
confi gur ati ons AMefhadd§ Sbibesilicdn \Cintaining dfees fieh as @pé@ﬂﬂﬁﬂ&bﬁe&_aﬁﬁr?ﬁdh@

es

maski ng bl ocks | nclude encl osed rectangles, squares triang .
T-shapes and xsiigem&sy be employed in place of pelysilicos Bawerer, polysificoniss  a wet

or dry i spdroPhfuf@red firiibst APplicafibfis'because of lower resistivity and better electrical
" and structural properties and because it lends itself to simpler etching processes.
The polysilicon layer 70 may be deposited on the insulating layer 68 using a
suitable deposition process such as chemical vapor deposition (CVD) or by using )
an epitaxial growth process. A typical thickness for the polysilicon layer 70 would
15 - be from about S00A to 3000A.

Next, as shown in Figure 11, a second insulating layer 72 (e.g., Si0O,) is
formed on the polysilicon layer 70. The second insulating 'layer 72 may be
deposited using CVD techniques or formed by exposing the polysilicon layer 70 to

.20. an oxidizing environment. A typical thickness for the second insulating layer 72
would be from about S00A to 3000A. .

Next, as shown in Figure 12, a layer of photoresist 74 is formed on the
substrate 12 by spin-on or other suitable deposition process. The photoresist 74 is
25 then developed such that the contact members 65 are exposed. This is relativel&
easy to accomplish because the photoresist 74 will tend to puddle on the lower
portions of the structure, such as surface of the substrate 12, leaving the projecting
contact members 65 exposed.

30 Following development of the photoresist 74, the second insulating layer 72

(Figure 11) on the contact member 65 is removed leaving the polysilicon layer 70



process is used to form projecting apexes 40, 42, 44, 46 on_the substrate.
For an 25 WO9(M66bt ropi ¢ etch, in which the etch rate is di PEEPENI4#E3

different directions, an et chant sgbution containing a m xture of
KOH and H20 rmay be utilized. This- | sotropic etch results in the
formation of triangular tips as shown in Figure 5. This is a result

of the different etch rates of nonocrystalline silicon along the
different crystalline ori entations. For an i sotropic etch, in which the
etch rate is 3éxposed bm theatrp of thea¢dntatit mmmbeorﬁ Fiis enayHbenaccomiplishedrusing a

gg/ntlzgglong a mdxz(yt gtg:h process \Mtﬁl gac%ﬂonne or ﬂuonne bq%é)d %Xanqesubﬂ a£ t?‘f, CHF;, Vo
PCT/ US95/ 14483 or C;F,. -9-

Alternately, in p°I ace ol an I sotropic or anisotropic etch process, the
substrate nay be subjected to an oxi di zing atnosphere to oxidi ze portions
of the subst b 24,
26, of thes mask | ay er;‘éa a%%hﬁ@&éﬁ?‘){éfrgqfi ¥h§t é&gfﬁ e’ng?lbtlgﬁlgﬁ%%ﬁ% ﬁo%s?ep ere
may conprise sl@mﬂ&ﬂddéﬂosned omtheaexposed polgdibicon laglert 'éOrp&hatmntml layserg'lS
950[err]C). The oxi IZI at rms e e o d| ze

d
of the substraf@verd %\9‘3?“’% ?fethﬁ ¢ %ﬁﬁemeg'ﬁ §)ns

dioxide). At t g@,ﬂgl e%{ﬂe e med
under Eﬁd mas ‘(’)dgf(gi ergg?‘(;ﬁpg%t I&%@ggé%gé%&&%ﬁ&ﬁ S‘Zf‘.'zse%rray

al so be for rredthwsecond msulanmebcysr 72 on the @um@teom dhe anetalflayerch$ cangheer i al
t han t he bstr, t t he
maski ng b cksd%%“%m %gluc ana% rtlsgg‘w?6 30004 &n%v\{]s"h&b@ ?éﬁoglq?ant such

as H3POQ4 t hat pﬂocessl mhlanoWdesmenﬁmwapdrmethbn @PCVD), or asihgi zi ng

process the |nsul n er 49 is stri ing a suitable wet etchant
such as HF. &xdn?e utterin, gorevaporft{) teclixm ues. o

The metal layer 78 is formed of a metal that will react with the polysilicon
15 layer 70 to form a metal silicide. Suitable metals include the refractory metals,
such as titanium (Ti), tungsten (W), tantalum (Ta), platinum (Pt) and molybdenum
(Mo). In general, silicides of these metals (WSi2, TaSi,, MOSi,, PtSi, and TiSiy)
are formed by alloying with a silicon surface. Other suitable metals include cobalt
(Co), nickel (Ni), molybdenum (Mo), copper (Cu), gold (Au) and iridium (Ir).
| Fdllbwing deposition of the metal layer 78, a sintering process is
' perfbnhed m which the metal layer 78 is heated and reacts with the polysilicon
layer 70 to form a silicide. This type of sintering process is also known in the art
as salicide sintering. Such a salicide sintering step can be performed by heating_
25 - the polysilicdn layer, 70 and metal layer 78 to a temperature of about 650° to
820°C for typical thicknesses in thousands of angstroms (e.g., 20004 - 30004).
| ~This éintering précess can be performed in one single step or using multiple
temperature steps. A silicide layer 78A forms at the interface of the metal layer
78 and the polysilicon layer 70.
30



15 _ Thus as shown in to Figure 6, the steps of patterning and
et ching and stripping formprojecting apexes 40, 42, 44, 46 which
are in the formof parallel - spaced knife edges. The projecting
apexes 40,WR%6/1480 46 form an apex group 43 whi ch hRCTPSISi4483 ] |

peri pheral dinmension which falls wthin thgyboundaries of a 20 general ly
rect angul ar or square bond pad of a sem conductor die. Although

mul tiple knife edges are formed for each bond pad, it is to be understood
that a singl e knife edge per bond pad woul d al so be suitable.

The projecting apexes 40, 42, 44, 46 project froma surface 56 of the 25
substrate 12 and i nNF¥e@s shoyn QBFW hésthe upoeacted postids of theanietat dayer 78

rojectin . 40, , 46 d..f £t om one.anot.her
Bl ot ance ut {1 2 BROLRICAH 1ages 70°dhe réma Ry HREE ind i Tayp 7l i 1bfi e e
bet ween. Exanplip of thecéontach etentben 65p cRids cmDB%gone b}ll gtcgiagftﬂ@n{eﬁl ndyet 7%!*3}1& elgn
e. u e from . 0

exanpl e |l engt h,of an.individuyal stq | an t

[err]M The fuﬁ&q‘%ﬁﬂﬁ??tlwr ?@r?@fefcg{;)? gh%t‘éf?“fﬁ Y& A wBy| wayeofexamplaforf r om

30 t he scont TiSiy, For etching 3k BfreadtB® pbitidonF a9Mani bt i ng

apex 40, 42, . 44,,56 areeggacgg a;!)lg?t by 1?%‘?’8?@%@%????2%%@% hat -

i s preferably $6B@ awiution of ammonigagd hydwgen peroxide, or a H,SO,, H,0, mixture,

PCT/ US95/ 1448 : oqs s ' -10-

the thi cknessgtg? ¢ \gﬂhgtrt]acf kptg%l n})ert]al ala%eé‘r?isc%‘ﬁld‘fét%er s%ugg l;wgr Z%e%{‘#% E%edt hi.s

proj ecting di sAltemately,|d diyeetcnptdeessowitie an @fchart sgébiés sueh fab id1, o BTG YaDbe t O
44, 46, 48 additional

formation of t he, projecgting apexes 40, 42, .
etching may be"§dd9 chg tpgmeitpgﬁayergbs _J%feé’ﬂ‘é? tothe silicidedayars’8e, 42, 44, 46.. 5
Next, asjyghown in Figure 7, all of the projecting apexes 40, 42, 44, 46 in

For etching the unreacted portion of the polysilicon layer 70 selective to the
silicide layer 78A, a wet etchant such as an HF:HNO,:H,0 acid mixture (typical
ratios of 1:10:10) can be used to remove the unreacted portion. A wet isotropic
etchant can also be used for this purpose. Alternately the polysilicon layer 70 may

15 etched selective to the silicide layer 78A using a dry etch process and an etchant
such as NF; at low pressures (typically 30m torr) or CL, and HBr at 130 m torr. |
The remaining second insulating layer 72 on the substrate 12 needs to be etched
away prior to the polysilicon etch described above. This can be accomplished
- using a dry etch process as previously described. As shown in Figure 14, the
20 . completed interconnect 10 includes the silicide layer 78A which covers the tip of
~ the contact member 65 and the apex group 43 and a portion of the sidewalls of the
contact member 65. Alternately, the siliéide layer 78A can be extended to cover
part of the base of the contact member 65 as shown in Figure 16.

25 - The resistivity of the silicide layer 78A may be lowered using an annealing
process. This may be accomplished by heating the substrate 12 and silicide layer
78A to a temperature of between about 780°C to 850°C for several minutes.

As also shown in Figure 14, conductive traces 80 may be formed on the
30 substrate 12 to provide a conductive path in electrical contact with the silicide

layer 78A. The conductive traces 80 are formed by depositing and etching a



apex group 43 are covered with a nitride masking | ayer 64 a

phot opat t e’/ #6/14660 Then as shown in Figure 8, the subst ?g?{ausﬂlﬂs
etched around t he masking | ayer 64 ' -te-formrai sed contact nemnbers
65. Typical etching techniques conprise wet 10 ani sotropic etching with
a mxture of KOH: H20. This type of etching is al so known in the art
as bul k m cro-nmachi ning. The contact nenbers 65 are sized and shaped

to contact a bond pad of a sem conductor die. Each co tgq%?lt gjﬂber 65
vi ewed from abosecondmetal ipyaeeomprsing, Aizhly eondueHG ‘QF“-B A yninum,

configuration ap ' | ' 1 ek LRI kgt a.
bond pad. The C%og{pglé?r %o%élg%%ﬂ?h‘}%&é&gg rgf{éslosu}é%%?glm ’|§ﬁ %t%ﬁ,rﬁhtaﬁfm
peri pheral conf aglimelybderuns ochllays of thezegietals. Other congudtivgonaterials suchcises.
The hei ght of. each contact nber 65 will. be.on the order o 50- 100
[err]mand the Wldﬁhc%méﬁéﬁggFﬁg’Pgﬁyﬁm mg‘e["@f‘aﬁ‘%"egﬁﬁﬁ? éo'g ows two
adj acent cagjt acé?x{&tﬁﬁéw Fade9 80 A BiSformed 88 B AthBad mbellzate prcess sHOR as

e

spaci ng 0 contact nénbers 65a and 65b matches the spacing of
adj acent bond padilanket YD depgsitiempr spuitaring follpwed by, photopatierning &g eiching) |

Th hod of ' ' ' f ' Y WY I |
78A (i gure. 14) ASANGNERPlep 8 e AR ofith BERLIOIA GERRHR B Fpadedle | V%!

conductive alumisium ¢toer Séledtivelyuirem Uédiredr aredscommubstrate (12ctei fdem alumindoct i ve
path to the silicide,layer % ‘78A (Figure 14). This segnment of the .
process is illuS® &?Feﬁi gures 10- 14. Initially, as ‘
shown in Fgure 10, an insulating layer 68 (e.g., SIQ2), is f or med

on the substrate 12 and contact nenbers 65. The insulating layer 68 is _
fornmed by oxi dation Figurdd7 shaws amexemplary dayoutifortthe gonduetive traces 8Qyantl posi ng

the 30 SUbStl gl ot WResfis b8 iffthe Bohifidbld BecdboiMBANY. °shél a TaydldPin bbpha
on the bond pad configuration of a die under test. Preferably a large number of
interconnects 10 can be formed using semiconductor circuit fabrication techniques
15 on a single substrate or wéfer (not shown). The wafer can then be sawed (i.e.,

diced) to singulate the interc_:onnects 10.

Referring back again to Figure 14, bond wires 82 are wire bonded to the
conductive traces 80 utilizing a conventional wire bonding process (e.g., solder
20 ball) to provide a conductive path from the completed interconnect 10 to external
test circuitry. As sh(;avn in Figure 17, each conductive trace includes a-bonding
site 92 for wire bonding the bond wires 82. In place of a wire bonding process
other conductive paths such as external connector. pads, slide connectors and other
mechanical connector arrangements may be utilized (not shown).
25 )
Referring now to Figure 15, the interconnect 10 is shown engaging a
 semiconductor die 85 as a die under test (DUT). The die 85 includes a substrate
86 and an a:r;ﬁgement of exposed bond pads 88. A protective layer 90 covers the
die 85 such that only the bond pads 88 are exposed. The bond pads 88 have a
30 thickness of "A" and may be covered by a thin layer of oxide (not shown)
depending on the metallization used for the bond pads. '
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deposi ted D. Anot her conmonly used insulator suitable

puPpose %bﬂﬁs@sl 3M\4. As al so shown in (ﬁsgg’%da

silicon containing |ayer such as polysil+tbA 5 | ayer 70 Is formed on
"the insulating | ayer 68. The polysiliconlayer 70 is required to

forma silicide with a netal |ayer 78 (Figure 13) during subsequent

processing. The polysilicon layer 70 nay be formed of doped or

: d I I t h 1 fa g layers
gﬂggp:s ggpgzl olrCorﬂdgi?e%fgﬁﬁﬁgﬁﬁ%gectt%ytheo@ﬁ%&é@\ %96@0‘&&‘ gd in place -

of polysilicofep réd@ﬁ@ﬂ%? ,apeRgYGiip 43 6Na icBnthé membEr R 'Pidee Wbdﬁasﬁad 88and
applications because of Tower resistivity and bettér el ectri cal

structural pr lﬁ)@ &oating Khe pereiration (of thpsapexgspwp #3 islimited by dbe bopg
processes. gg% 5%9& ¥ Forke8'by Y Shrrddt JFe BEGAREMBE b0 " ThY fores

|nsulat|ngla €positlon proces
cheni cal 5/aporeqda‘pd>$0 prass tl(eCa;B): gnoupaga unomly: bond pad $8\capalicbe alonftoredtds

. for .th | | Id 1 be
From about 5OBMRcaGn K the penefation eplh. *Opralfy, e 4t atun 15 ergife 11, a.
second insul agtdig hhnw1y theoug- tHe thiSkdek£6f thk uoad pad 88 G Eor{))@%f% &8@nce

polysilicon layer_70 he second |nsulat|ng ayer

deposi t ed usi figndignteekNni Heprayid esarhwresvtae&qo@lynmmmt betvpen thiecon | ayer
70 to 20 - aguiek hye HBASRY he BERA bad 88! VAY 68 sarhll k£ Bl liod BEpeR G587

i nsulating | ayer roma out
Next , - astGhowtheibondipgd 88 mmmmdllayﬁle Mepﬂmtscnfethc ptojecting apéxesidl 4an44he .

substrate 12 S n_or er s. depo t|o process. The
phot or esi st 7§gﬁ'§8§y§ﬁ) stopw el 64)3 @eééﬁ?‘hﬁ‘?nsm%ers 65 -
are exposed. mheinbet 65 €l atively

The conductive trace 80 and bond wire 82 provide a connection from the
15  silicide layer 78A to test circuitry for testing the die 85. As an example, the
opposite end of the bond wire 82 may be connected to a temporary holder for the
die 85 adapted to be placed along with the interconnect 10 in a test apparatus (not
shown). The test apparatus may include a connection to the temporary holder and
to test circuitry. Such an arrangement is described in more detail in U.S. No.
20 5,302,891 entitled "Discrete Die Burn-In For Nen-Packaged Die". This patent as
" well as those previously cited are incorporated herein by reference.

Thus the invention provides a method for forming an interconnect useful in
establishing an electrical connection to the bond pads of a semiconductor die for
25 testing and other purposes. Although preferred materials have been described, ii
is to be understood that other materials may also be utilized. Furthermore,
although the method of the invention has been described with reference to certain
preferred embodiments, as will be apparent to those skilled in the art, -certain
changes and modifications can be made without departing from the scope of the

30 invention as defined by the following claims.



easy to accongllsh because the photoresist 74 will tend to uddI %W#
| ower ons of the structure, such as surface of gﬂb ate .
12, leaving the projecting cont act-igenbers 65 exposed. 30
Fol I owi ng devel opment of the photoresist 74, the second insulating |ayer 72
(Figure 11) on the contact nenber 65 is r emoved | eavi ng the ponS|I|con

| ayer 70 WO 96/ 14660 .
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exposed on t he GidIMB: t he contact menber 65. This may be acconplished using
a dry etch process with a chlorine or fluorine based etchant such as
CF4, CHF3, Clerr]Flerr], or C3F[err]. 5 Next, as shown

in Figure 13, the photore%hmtho'd@otfabr&mngeah imercoanneet for testing a sendiyerduédri S
deposited on the ex LAJQ/SI licqn |layer 70. The netal |ayer 78
covers the pol & F$ria %@ OMBHSI&re tip and sidewal s of the contact

menber 65 g andf&ﬁm &1 Siriy 60¥R4 M&caﬁ.%mbefscwa é@ostrhfe éﬂﬂﬁéﬂtﬂﬂ the
nmet al Iayer 78 covers the second i nsulating layer 72 on t

substrate 12. mmnbmszedarybspam taengage electricallie ponsiuctive cantact lddationsees of
about 500A to ?20&)@_ using a suitable deposition process such as | ow
pressure chem i apor deposition (LPCVD), or using st andard net-al
sputtering or evaporﬁim@ni% a dizStlayptesf material and a second laydr6f miklesihl by 78 1S
formed of a netal that react vvlththe pol ysilicon 15 | ayer 70 to
forma met al sFPWéF’d@emBﬁﬁst able netals include the refractory netals,

10 " reacting the first layer of material with the second layer of material to
form a conductive layer on the contact members; 7
etching the first and second layers selective to tﬁé conductive layer; and
forming conductive traces on the substrate in contact with the conductive

layer. _
15 -

2. The method as recited in claim 1 and wherein the conductive layer
includes a silicide.

20 _

3. The method as recited in claim 1 and wherein the first layer is a
silicon containing material and the second layer is a metal and the first and second
layer are heated to form the conductive layer as a metal silicide.

25 _

4.  The method as recited in claim 1 and wherein the first layer of -
material is selected from the group of materials consisting of polysilicon and
amorphous silicon. |

30
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such as titanium (Ti), tungsten (W, tantalum (Ta), platinum (Pt) and
nol ybdenum (Mo). In general, silcides of these netals (W5 2, TaSi 2,

MOSi 2, Pt Ti Si 2) are formed by alloying with L]
surface. gﬁer és;fﬂtabl e netal s include cobalt (Co), ﬁ?’?ﬁ%’f’;‘?ﬁ%
nol ybdenum (M), copper (Cu), gold (Au) aftlz+ridium (Ir). .20

Fol | om ng deposition of the netal |layer 78, a sintering process is

performed in which the netal layer 78 is heated and reacts with the
pol ysilicon layer 70 to forma silicide. This type of sintering

process is al so kn t he .as,sa e.sinteri

sal i ci de sintering st epn{}?fn @%@Ff’ﬁ?‘fﬁgd eia?? Yhsesin etq&;gorﬁiauaygq 9% con

| ayer, 70 and pagémddl 1k%ﬂ%&3&d@ﬂ&§©ﬁ§%%ﬂé&l§&orﬁi¥ﬁ%o@ ®m, platinum, 820C
for typical thicknesses in thousands of angstrons (e.g., 2000A - 3000A).

Thi s si nt er i nduigstsde $9balh fanfalugy Rigkelomolybdesiun s¢oRPED sntldepmbmdmmng

mul tiple tenperature steps. A silicide |layer 78A forns at the

i nterface of the mnet aI | ayer 78 and the polysilicon layer 70. 30
WD 96/ 14680 ' :
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Next, as shown in K gur eresmethed as Tecited;in flaim, § %%hsmmsq?efa&lt megbers 73

and the pol ysijhéiGaeia Ipaojeéun‘goap%&efohﬁé@wsl KMt |e3%é Baphddl doiélee Wﬁdndﬁgaas s

left at the of the contact nenb hi's can be don

etching the rrepmtou:a%ﬂeastmanewhmlt penetrationyiota thedwondpads. 70 sel ecti ve
to the silicide |ayer 78A. By way of exanple for 5 Ti Si 2, for etching
the unreacted portion of a titaniumnetal |ayer 78, a-wet etchant :
such as a0sol ution of anmmoni a and hydrogen per oxide, or a H2SO4, H202

ver 7an, can be' ted. & mthse i Al n ¥comzc% £0r festing a Semmiconductor
die comprising:
- forming a raised contact member dn a substrate said contact member sized
and spaced to contact a contact location on the die;
15 forming a silicon containing layer on the substrate and contact member;
forming an insulating layer on the silicon containing layer;
etching the insulating layer on the contact member;
depositing a metal layer on the silicon containing.layer and on the
_insulating layer; , ' _. '
20 heating the silicon containing layer and metal layer to-form a silicide layer
" on the contact member;
etchmg the metal layer, removing the insulating layer, and then etching the
silicon contammg layer selective to the silicide layer to leave a tip of the contact
member covered by the silicide layer; and

25 forming a conductive trace in contact with the silicide layer.

8. The method as recited in claim 7 and wherein the subsirate
comprises monocrystalline silicon having an insulating layer formed on a surface
30 thereof.

R O



Alternately, a dry etch process wth an etchant species such as C 2 or BC 3
can be wo96/1486ed to etch the netal |ayer 78 selective t OPEHESH1M8I; o

| ayer 78A. 10 For etching f{y@ unreacted portion of the
polysilicon |ayer 7Q selective to the silicide |ayer 78A, a wet
etchant such as an HF: HNO3: H2O acid m xture (typical rati os of

1:10:10) can be used to renpve the unreacted portion. A wet isotropic
etchant can also be used for this purpose. Alternately the polysilicon

| ayer 70 may 15 9! chelThe edetimid ascretitedt ineclaim 7 andi avhergje the7stlicans¢antpiningr y
etch process and ap etchan ~sych as . NE3 at. ypi cal ly
30mtorr) or d_a_i%ﬁo“iﬁFe%a‘{m‘Eébe §qu,Qf materials cons%hgé (r%gﬁ!gg’%f ﬁ%ﬁ’gggﬁﬁd
insulating |ay o}%? Iysilfcofl Anforpoud@fiftdn Snddénddiped@thorphous silicemay
prior to the pgfg]/ | fijcao)tns etch descri lggd above. This can be acconplished
using a dry etch process as previously described. As shown in Figure 14,
the 20 escorrpl eted interconnect 10 includes the silicide |ayer 78A which
covers the'tip of t he contact nenber 65 and the apex group 43 and a

portion of the sidewg| | s The rhétlod as reciteccimnélaiat 7 mpdivérere theametal tayeeis/, t he.
silicide layer 78A can be extended,to cqver. of the 8@56 of the

4 . part of
contact menber selscted fxom e grRUR-CERAIUNG &1 titansum, platindi, Eunlgstﬂrecqh {stivity
of the silici d%tﬁ?"?‘grﬁlgg&bﬂﬁ&ﬁﬂﬂ%ﬁﬁrﬁa%l@n anneal i ng process.

This may be acconp ating the substrate 12 and silicide | ayer
78A to a tenperature of between about 780[err]C to 850[err]C for several

m nut es. As al so shown in Figure 14, conductive traces 80
may be f obfed on the 30 substrate 12 to provide a conductive path in

el ectrical contact with tTie méthod asleecited in clainafeand A@ereifithe contatonéner

traces 80 are forned by depositing and etching.a MO 96/ 1466
PCT/ US95/ 14483 includes a gro?ecpt)ing apex Pormeg as ackmfg%dge for piercing é\g %ggc? pad.

15 12.  The method as recited in claim 7 and further comprising annealing
the silicide layer to lower its resistivity.

13. The method as recited in claim 7 and further comprising attaching a

20 'bond wire to the conductive trace.

14. The method as recited in claim 7 and further comprising forming a
plurality of interconnects on a single substrate and then singulating the

25 interconnects.

15. The method as recited in claim 7 and wherein the conductive trace
is formed by a metallization process from a metal selected from the group
30 consisting of aluminum, copper, platinum, titanium, tungsten, tantalum,

molybdenum and alloys of these metals.

[
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second netal |ayer conprising a highly conductive netal such as al um num
copper or alloys thereof, or a refractory netal such as titanium tungsten,
tant al um and nol ybdenum or alloys of these netals. uctive
mat eri al SVQU}H66L pol ysilicon may al so be enpl oyed %P’ﬁ%?ﬁﬁ%
conducti:ve traces 80. The 5 conduct i ¥gotraces 80 .may be formed using a
standard netal lization process such as a bl anket CVD deposition or
sputtering foll owed by photopatterni ng and et chi ng. As an exanple, a
wet etchant such as H3PO4 can be used to etch a patterned al um num
| ayer selectively fromdesired areas on substrate 12 to form al um num
conductive traces 80. 10 Figure 17 shows an exenpl ary | ayout
for the conductiveygrac ASaR tscoggp et ed
i nt erconnect 10. Sug'h a ayout V\nlfecﬁedp ﬂﬁwqta" on ﬁéhe Or;]sghgtﬂaaﬁgrn%
confi gur at i onimércanrdickina thst appasatus fargistablisiing a wmpgermmmcﬂonnecnon

i nt er connect Sk 0 can b sem conductor circuit fabrication

t echni ques 15 %@Fﬁa{ig&gﬁ%&lﬁie or wafer (not shown). The wafer can
- then be sswed (|. - diced) to singulate the interconnects 10.
Referring back again to Figure 14, bond wires 82 are wre bonded to the
conductive traces 80 utilizing a conventi onal wire bonding process (e.g.,
sol.der 20  ball) 190 pAOi'fﬂleﬁl%d%P he{%mbﬁhécmpést%mﬂph&k&ﬁa

i nterconnect 10 to externa circultry n Figure 17,
each conduct i venta¢tawith a bohd,opad @fbgmmgductor die, compgisd:f or wi re bondi ng

conductive pat hs. suRmie e Antlet frRebph 3 BRARTE Paving g proBtBid ansrs

other 10 nPChanfoQﬁingC@ﬁmQﬁmatﬁll’grlﬁinm&%om meémbér aridzebstratef shown) .

25 Referrln ow to Figure 15, the interconnect. 10 is shown .
"engagi ng- a : ‘E)F°‘HF-‘@"%13'&%" o tedirghinsyl al‘%@)’E‘DUT) The die
85 includes a subst d,&ﬁ¥% 18¥er ¥ gﬁigg bond pads
88. A protective ld%/ geoc\?gr Q %lgg ko ﬂ%‘ onIy t he _.bond
pads 88 are exposediorming Hmask puersthgSubsizate while leavmg the contact member
exposed;
15 - removing the second insulating layer on the contact member using the
mask; '
removing the mask;

depositing a metal layer on the contact member and substrate;
heating the metal Jayer and silicon containing layer to form a silicide
20 layer; |
' etching the metal layer and the silicon containing layer selective to the
silicide layer to form a silicide tip on the contact member;
removing the second insulating layer;
forming a conductive trace in contact with the silicide layer; and

25. attaching a bond wire to the conductive trace.

18.  The method as recited in claim 17 and further comprising annealing
the silicide layer to lower its resistivity.
- 30
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30 t hi ckness of "A" and may be covered by a thin layer o I t
shown) WO 96/148cndi ng on the netallization used for the B’&ﬁ@%&&é‘gy

WD 96/ 14660 ~-20~ : :

PCT/ US95/ 14483 -15-

-In use of the interconnect 79, the projecting apexes 40, 42, 44, 46,
represented by apex group 43 of a contact nenber 65, pierce the bond pad 88
and its oxide coating. The penetration of the apex group 43 is
limited by the stop19. Thegnethed @9 recited in glagn lﬁméewhﬁylmﬁépswﬂwm t he

contact nenber , The f.0 : e into
t he bond pad Bégi%{wéél o %@?err%d%etfglr' ég‘% ysaﬁﬁéi tﬁe%&@ﬁﬁ:@n%gf@ gﬁé %%ts?l ﬁgﬂé o™
penetration depirhit a@eneti@ionyintd the bapé>padr oup 43 ext ends _ about hal f
way through the thickness of the bond pad 88 (i.e., 1/2 of the distance
Ain Figure 15). This provides a | ow resi stance ohm c contact between the
silicide | gyer 78A and the bond pad 88. At the sanme tinme a penetration
depth into 10 the bond pad 88 is |inmted by the dinensions of the

proj ecting apexes 4®0.42, Theamethod as claimged iniclaim {1 andifopher comprising, formingoy

the top, surface of .the.tais nst an . enbe — 2

The conducti ve %P@E@%G a lgxhegg\/&q,gv%ﬁerpapg\ﬂxggg gl?ec{gﬁﬁegé? sguae e he 15
silicide | ayer iffefednaedtest circuitry for testing the die 85. As an exanple,
t he opposite end of the bond wire 82 may be connected to a tenporary
hol der for the die 85 adapted to be placed along with the
interconnect 10 in a test apparatus (not shown). The test apparatus
~ may include a connection to the tenporary hol der and to test
circuitry. Such an arrangenent is described-in nore detail in U S. No.

D A




20 5,302,891 entitled "Discrete Die Burn-1n For Non-Packaged Die". This
patent as well as those previously cited are incorporated herein by
ref erence Thus the invention provides a

frorm ng ar‘iv??ﬂle‘f“coonnect useful in est abl i shing an e??c‘:l}t%rglgség@h
connection to the bond pads of a sem conductor die for 25 testing and
ot her purposes. Al though preferred materials have been described, it

is to be understood that other naterials may al so be utilized. Furthernore,
al though the method of the invention haf/@een described with reference to
certain . preferred enbodi nents, as Wil be apparent to those skilled
inthe art, certain changes and nodifications can be nmade without
departing fromthe scope of the 30 invention. as defined by the foll ow ng
cl ai nms. WD -96/ 14660 ' :

PCT/ US95/ 14483 - 10 - 16-
CLAI V5. 1. '% et hod fr'4f abri cat?ﬁg an interconnect for

testing a sem conduct or ee e o A VaR AR QO CR. P AV AL, dieZenpri sing: 5
forming an array of rai PedN\cOINact REMISRS\OR 3 Sub e sai d cont act
menbers sized and space RNYAYE e e N¢a | DRz cont act

| ocati ons on t heh\dNg; D rst |ayer of
material and a second | e alk B he bnt act nmenbers; 10
reacting the first |aye QI hNaN W T hi, SeoQns er of material to
forma conductive |ayer VTR ReMpex sy

FIG. 1




etching the first and second | ayers selective to the conductive |ayer; and
form ng conductive traces on the substrate in contact with the conductive

| ayer. 15 ' 2. The nethod as recited in cl

wherein tNe Con8tetive | ayer ~includes a silicide. r%ms}ym

3. The nethod as recited in claim1 and wherein the first layer is a
silicon containing nmaterial and the second |ayer is a netal and the first
and second: | ayer are heated to-feéqithe conductive |layer as a netal
silicide. 25 4. The fdt™hod as recited in claim1l and
wherein.the first |ayer of material is selected fromthe group of
mat eri al s consisting of polysilicon and anor phous silicon. 30

WD 96/ 14660 '

PCT/ US95/ 14483 - ' : -17-
o 18 204424 26
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5. The method as recited in claim1l and wherein the second | ayer of
material is selected fromthe group of materials consisting of titanium

pl ati num f ungsten, cobalt, tantalum nickel, nolybggaws er,
gol d and ﬂ‘lwcﬁud‘ngo 5 6. The method as recite ‘iwr??cl aim
1 and wherein the contact nenbers : i nclude a. projecting apex forned
as a knife.edge adapted to pierce the bond pads and to provide a
stop plane.to |imt penetration into the bond pads. 10 : 7.
A method for fabricating an interconnect B¢6 testing a seni conductor

di e conpri sing: form ng a raised contact nmenber on a
substrate said contact nenber sized and spaced to contact a contact
| ocation on the die; 15 _ forming a silicon containing |ayer on
t he substrate and contact nenber; form ng an insul ating

| ayer on the silicon corj(ai ning | ayer; etchi ng the

i nsul ating | ayer on the cygntact ; positing a netal

| ayer on the silicon containing nsul ati ng | ayer,
20 ' heati ng ghe~<st ~w.netal | ayer to form
a silicide | ayer etching the
netal |ayer, renoving th hi ng t he

si-licon containing | ayej to leave a tip of

" the contact menbfe and 25
form ng a conductive tr¥g i | ayer.
8. The nethod as recit/g y dreln the substrate

' 43
1Q_ 40 622 6% eo /56

65




conpri ses nonocrystalline silicon having an insulating |ayer formed on a
surface. 30 ‘thereof. WO 96/ 14660
PCT/ US95/ 14

9. The net ggﬂ%s recited in claim7 and wherein the,siligﬁahﬁggﬁfg?ning

| ayer is selected fromthe group of materials consisting of doped -

pol ysi |i con, undoped pol ysilicon, doped anorphous silicon, and
undoped anor phous silicon. 5 10. The nethod as recited
in claim7 and wherein the netal |ayer 446 sel ected fromthe group
consisting of titanium platinum tungsten, cobalt, tant al um

ni ckel , nol ybdenum copper and gol d. 10 11. The met hod
as recited in claim7 and wherein the contact nenber - i ncl udes a
projecting apex forned as a knife edge for pierging the bond pad. 15

12. . The nmethod as recited in claim7 and _farth@r conprising annealing
the silicide layer to lower its resiSIANUALA '

68

— {2
FIG. 12




13 The nefhod as recited in claim7 and further conprising attaching a
20 bond wire to the conductive trace. 14. The

nmet hod as_recite g in claim7 and further conprising form $95/14483
pluralit§w8§ﬁP rconnects on a single substrate and then singulating the

25 i nt erconnects. _ 15. The nmethod as recited in
claim7 and wherein the conductive trace Is forned by a
nmetal lization process froma netal selected fromthe group 30 consi sting

of al umi num copper, platinum titanlqustungsten, tant al um
nol ybdenum and al | oys of these netals. WD 96/ 14660

PCT/ US95/ 14483 | -19-
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16. The nethod as recited in claim7 and further conprising placing the
fnterconnect in a test apparatus for establishing a tenporary electrical
connection between the die and test circuitry. 5 peruysosiq4ss

17. A nEOREAe form ng an interconnect for establishing electrical
contact with a bond, pad of a sem conductor die, conprising:

formng a ratsed contact nenber on a substrate having a projecting apex; 10

forming a first insulating |layer on the contact nenber and substrate;
formng a silicon containing Iayer'on-thegﬁsrst i nsul ating | ayer;

form ng a second insulating |ayer on the™sificon containing |ayer;

formng a mask over the substrate while | eaving the contact nenber

exposed; 15 ' renovi ng the second |nsulat|ng | ayer on the contact
menber using the mask; renovi ng the mask;

depositing a netal |ayer on the contact nenber and substrate;
heating the netal |ayer and silicon containing layer to forma silicide 20

| ayer; - etching the nmetal |ayer and the silicon containing
| ayer selectlve to the silicide layer to forma silicide tip on the
contact nenber; . renmovi ng the second insulating | ayer;
formng a conductlve trace in contact with the SI|ICIde | ayer; and 25.
attaching a bond wi.re to the conductigeat rRacga. : 18. The
met hod as recited in claim17 and gredRiRlziRe »sing anneal i ng t he
silicide layer to lower its resisgNVINY. - \
y WVINY \ 78A —~10
65
68
12

FIG. 16




VO 96/ 14660
PCT/ YS95/ 14483
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19. /The nethod as recited in cI aim17 and wherein the pr oj "':ﬂv"'? apex
i's fornmed as fe edge &mmﬁgﬁ@@uﬁgﬁmﬁmw and t O@EM&Pn a st op
plane to P(F:l;n t a penetrati on ftmegendl Beeanhond pad. 5 20.
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(57) Abstract

A method for forming a self-limiting,
silicon based interconnect for making tempo-
rary electrical contact with bond pads on a
semiconductor die is provided. The intercon-
nect includes a silicon substrate having an ar-
ray of contact members adapted to contact the
bond pads on the die for test purposes (e.g.,
burn-in testing). The interconnect is fabricated

by: forming the contact members on the sub- 82
strate; forming a conductive layer on the tip of

the contact members; and then forming con-

ductive traces to the conductive layer. The 80

conductive layer is formed by depositing a sil-
icon containing layer (e.g., polysilicon, amor-
phous silicon) and a metal layer (e.g., titanium,
tungsten, platinum) on the substrate and con-
tact members. These layers are reacted to form
a silicide. The unreacted metal and silicon
containing layer are then etched selective to
the conductive layer which remains on the tip

Ay
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of the contact members. Conductive traces are then formed in contact with the conductive layer using a suitable metallization process.

Bond wires are attached to the conductive traces and may be attached

to external test circuitry. Altemnately, another conductive path such as

external contacts (e.g., slide contacts) may provide a conductive path between the conductive traces and external circuitry. The conductive
layer, conductive traces and bond wires provide a low resistivity conductive path from the tips of the contact members to external test

circuitry.




