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ECHNICAL FI ELD This invention generally relates to conductors for form

a conductive path on a substrate surface and nethod of formng the

conductive path. Mre particularly, the invention relates to a conductor
havi ng a conductive elenent with at | east one of a diffusion barrier or a

bondi ng nmedi um adj acent to a conductive el enent surface. BACKGROUND OF THE

| NVENTI ON Repairing of open circuit defects Tn the fine lines of high

density circuitry, such as thin filmconductor lines, is usually

acconpl i shed by cl osing &&bﬁ conductive

material. Two conventi eS—ate S hem cal vapor
deposition (LCVD) and wre pmmmguwves bri dgi ng the open
defect in the line by depo&hggéggimrl al across the open
detect. Major s hortcom ngs of iculty in the dinensions-

(especially the height) of the

TECHNICAL FIELD

This :Lm’fention generally relates to conductors for
forming a conductive path on a substrate surface and method
of forming the conductive path. More particularly, the
invention relates to a conductor having a conductive element
with at least one of a diffusion barrier or a bonding medium
adjacent to a conductive element surface.

BACKGROUND OF THE INVENTION

Repairing of open circuit defects in the fine lines of
high demsity circuitry, such as thin film conductor lines,
is usually accomplished by closing or bridging the open
defect with conductive material. ‘Two conventional repair
technlques are laser chemical vapor deposition (LCVD) and
_LCVD involves brldglng the open defect in the

jal deposited, poor adhesion of the
¥rial and inadequate deposition control which

In the wire bonding technique, as described in commonly.
assigned U.S. Patent No. 5,079,070 to Chalco et al and shown
in the accompanying prior art FIGURES 1, 2A, 2B, 3A and 3E,
a bonding 'tip' 10 of an enerqgy source and a support sheet 20
into which one or more repair lines 15 has been etched are
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cqnduc}ive mat eri al deposited, poor adhesion of the conductive material and
| nadequat e deposition control which resu ositing conductive materi al

in unwanted areas. In the wire bonding technique, as described in commonly
assigned U.S. Patent No. 5,079,070 to Chalco et al and shown in the
acconpanying prior art FIGURES 1, 2A, 2B, 3A and 3B, a bonding tip 10 of an
energy source and a support sheet 20 into whigh one or nore repair ‘I'ines 15
has been etched are -2- used. The bonding fip 10 ternminates in a
substantially flat frontal surface 14. A cavity 12 is defined in the tip
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et ching procedureées for . .
surface 14 as a cylindrical opening 17.

The support sheet 20 is fabricated by blanket
metallizing'or laminating of a metal layer onto a support
material. The metal layer and support ‘material are.
circuitized by photoprocesses and etdhinéﬁproéé&ures for
forming the repair 1lines 15. The metal layer is then
selectively etched for fomming a window opening 25
therethrough to define the repair line 15 for perferming the

‘repair.

The repair process includes positioning one of the
‘repair lines 15 over an open defect 35 of a circuit line 40.
In accordance with commohly assigned U.S. Patent No.
4,970,365, to Chalco, incorporated herein by reference,
ultrasonic vibratory motion and laser energy are used to
energize the bonding tip 10 to bond the repair line 15 to
the circuit line 40. After bonding, the support sheet 20 is
1xfted using a "peeling action" to detach the bonded repair
line 15. Unfortunately, the force required for detaching
the repair line 15 from the support sheet 20 may cause
damage to the repair line 15, further damage-to the circuit
line 40 being repaired or weakening or fracturing of the
bond between the repairxr line 15 and the circuit line 40.
This is particularly true in the case of the extremely
fragile and delicate fine lines used in present day
state—-of-the-art high density circuitry.



formng t repair |iMes 15. The netal layer is then selectively etched
for formng a w ndow openi ng 25 therethrough to define the repair line 15
for performng the repair. The repair process i ncl udes posi'tioning one of
the repai« lines 15/over -an open defect 35 of a circuit line 40. In
accordance with co y.assigned U S. Patent No. 54,970,365, to Chalco,

I ncor porated herein™ r-ef erence, ultrasonic V|bratory notion and | aser
energy are used to energlze t he bondi ng tlp 10 to bond the repair line 15
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_, result in undesirable protrusicn of the repair line above
o the plane of the circuit line being repaired.

In U.S. Patent No. 5,310,967 to Chalco et al., which is
also' assigned to the present Assignee, the shortcomings of
U.S. Patent No. 4,970,365 were resolved. It discloses
appiying conductive lines to _ integrated circuits.
Conductive lines are suspended in a carrier. A bonding tip

-~ is used to transmit energy to bond the conductive lines to
the circuit to be repaired.

There is room for improvement of the conductive lines
and processes disclosed in U.S. Patent No. 5,310,967. The
bonding tip life is shortened by the diffusion of the
conductive material into the bonding tip. Also, depending
on the composition of the circuit line and conductive
material, the bond may be weak. ‘For. example, gold
conductive material will form a relatively weak bond with a
nickel circuit line as compared to a copper.circuit line.

A conductor that inhibits diffusion of a conductive
material into a bonding tip or improves the bond of the
conductive material to a substrate and which does not

 exhibit the above shortcomings is highly desirable.

technology. Repair 1ines Wthh are excessive in height may ‘



iFurtFler, It has been found to be exceedingly difficult to fabricate.a
support sheet ‘with repair |ines having very S”all.di”EH§LQH§;?E%L“L%E;ﬁ2fe1
it has been problematic to fabricate repair lines having a height ©

order of 1-10 microns,. as is oftentimes required in prThis8imet HhaBeen Replaceq
technol ogy. Repair lines which are excessive in height r -
undesirabl e protrusion of the repair |ine above the pl a;’ﬂmﬂmﬂg{’”’rf&l t
line being repaired. In U'S. Patent No. 53407967 to Chalco et al.5 i ch
is al so assigned to the present Assignee, the shortcom ngs of U S. Patent

No. 4,970, 365 were resol ved. It discloses applying conductive i nes
to . integr SUMMARY, OF,THE INVENMTION e |jnes are suspended in a carrier. A

bonding tip is uafd t ArvetStd Prviadsd hondeddeiontiinéi vhavings &o the
circuit to be repaired. There is room for inprovenment,.qf. the c ndugtive
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or bonding medium adjacent a conductive element surface.
When the diffusion barrier is present, diffusion of the
material from which the conductive element is made into a
bonding tip is inhibited. When the bonding medium is
' present, the adhesion between the conductive element and a
substrate surface is enhanced.

A method of forming a conductive path on a substrate
surface includes the steps of providing the conductor having
at least one of the diffusion barrier or the bonding medium
and forming a conductive path with the conductive element.

Numerous other advantages and features of the present
invention will become readily apparent from the following
drawings, detailed deScription of the preferred embodiments
and the appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS
FIGURE 1 shows a prior art support sheet;

FIGURES 2A-B show prior art bonding;
FIGURES 3A-B show a prior art bonding tip;

FIGURE 4 illustrates conductors of the present
invention including conductive elements;



bond'ng tip life is shortened by the diffusion of the conductive materi al
into the bonding tip. A so, depending on the conposition of the circuit

| ine and conductive material, the bond nay be weak. For. exanple, gold
conductive material will forma relatively weak bond with a nickel circuit
line as conpared to a copper circuit line. A conductor that inhibits

di ffusion of a conductive material .into a bpnding tip or inproves the bond
of the conductive material to a substrate and which does not exhibit the
above shortcom ngs is highly desirable. According to one aspect of the
present invention, there is provided a conductor for form ng a conductive
path on a surfacBIGPRE Subst rat EragnentanituCr@ssceestiiondd: wawreficai ve
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wherein the carrier defines an opening therein and the conductive el enent
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FIGURES 7-9 are end cross-sectional views of
alternative embodiments of the conductive element;

FIGURES 10A-F show "process steps for applying a
conductor to a substrate in accordance with the present

invention;

FIGURE 11 shows alternative conductors of the present
invention embedded in a carrier;

FIGURE 12 shows a bonding tip for use with the present
invention; '

FIGURE 13 shows a front view of the bonding tip of
FIGURE 12; and '

FIGURES 14A-J show process step for fabricating
conductors embedded in a carrier in accorﬁance with the
present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
One specific use of the present invention is the repair

of open circuit defects. One skilled in the art will
appreciate that the present invention is useful whenever and
wherever a conductive element is required to be applied to
a circuit. In addition to repairing circuits, a conductor



bondf ng medi um bei ng distinct fromthe conductive el enent. According to
‘anot her aspect of the present invention, there is provided a conductor a
conductor for forming a conductive path on a surface of a substrate, the
conductor conprising: a carrier defining an opening therein; a conductive
el ement, for subsequent transfer to a substrate having first and second
conductive el enent surfaces, not in contact wth the carrier, the =
conductive el ement extends into the opening;” and a first diffusion barrier
adj acent to one of the first or second conductive el enment surfaces and a
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still anot hgyreAsiRifd1Piuddcdiiisilor Mg ided .t here- is provided a nethod
of form ng a conducti've path on a substrate surface between two | ocations

on the substrate surface, the nethod conprising the steps of: providing a-

conduct or conpri $IGURE CAndiklustrLlsedbndacicogs i 86t supportedndin a
conducti ve el enent sgrface and at .| east 0%3 of ab nd.it‘;lg> nedi uir}l)bet en
2l r f QRED

the first c&RRESe®2reneAtSs FIAWCIRE ( BY STHEEP%: & $e %ondi ng
medi um bei ndiediigiedidy fthenceirerieeng8s8ct | FEGURESEStandré aldivdtusaten thatr i er

adj acent at _Least one t " tjve SR GRS Wpdigng,
carrier for tthnee ‘%oé'rﬁﬂ'fc 4:\'/31&"3‘%5}%1%,%% \t%e c?é‘r ri eri efél ni ng taﬁ‘rsgpenlpng erein
i n whi ch t h&ismtduandysegionde torduatidee ehementnisngfacesndftand 58h with

the conduct gl aml1ph Bhe 18408 bAbCoUs T GELEUSIOn IORAF At B2 1 a

conductive elerrent fromthe carrier. ;
bonding medium 54 are adjacent to one of the conductive
element surfaces 48 and 50. 'In the embodiment of FIGURES 5
and 6, the diffusion barrier 52 is on the first conductive
element surface 48 and the bonding- medium 54 is on the
second conductive element surface 50. FIGURE 7 illustrates
an embodiment wherein the conductor 80A has the diffusion
barrier 52 but no bonding medium. FIGURE 8 illustrates an
embodiment wherein the conductor 80B has the bonding medium
54 but no diffusion barrier. FIGURE 9 Jillustrates an
embodiment wherein the conductor 80C has the diffusion

barrier 52, the bonding medium 54 and a diffusion barrier

'52A between the conductive element 46 and the bonding medium
S4. The embodiment of FIGURE 9 is particularly well suited
for applications where the bonding medium 54 is thin and it
is desirable to minimize diffusion of the bonding medium 54
into the conductive element 46.

FIGURES 10A~F show a selected break area 50 of an inte-
grated circuit over which a conductor is to be applied to
connect two ends of a metallization or circuit line 55. &s
shown, the break area 50 may be an open circuit defect and
the circuit line 55 may be a thin film line.



REPLACEMENT SHEET 4a According to still another aspect of the present

‘invention there is provided a repaired a repaired substrate conpri sing:

substrate having at | east one conductor |ine wherein the conductor |in

an open;

a conductive el enment bridging the open,

having first and second conductive el enment surfaces, a first diffusion
barrier adjacent to one of the first or secaqnd conductlve el enment surf
and a bondi ng medi um adj acent to the other of the first or second
conductive el enent surfaces, the bonding nmediumat least partially in
contact with the On% r %b {ii I ugebej I Stipct fr
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strate, such as a multilayered ceramic substrate or a
printed circuit board. 1In order to apply a conductor to the
break area 50, the insulating layer 60 must be opened,
preferably locally, so as to expose a portion of the circuit
line 55, which includes the break area 50. The opening
created in the insulating layer 60 should have dimensions
adequate to accommodate at least a portion of the conductor
carrier, as described hereinbelow. The opening in the
insulating layer 60 can be created by any appropriate tech-
nigue. For example, an opening can be created in a
polyimide insulating layer by ablation with a pulsed excimer
laser, such laser being equipped with helium jets to remove
debris generated during the ablation. The insulating layer
60, or a portion thereof, is thus removed.

Further, it may be necessary to reduce contact
resistance between the conductor to be applied and the
circuit line 55 by "dressing" a site 70 of the circuit line

" 55 which is adjacent to the break area 50. Contact

resistance may be caused by contaminants, such as oxidation,
formed on a top surface 53 of the circuit line 55. As shown
in FIGURE 10B, dressing the site 70 involves reducing the
thickness of the circuit line 55 by removing a portion of
the- top surface 53. The portion of top surface 53 can be
removed using a pulsed excimer laser. As an example, the
dressed site 70 is the same length as the conductor to be
applied, and extends at least about 40 microns back from
each edge of the break area 50. The dimensions of the _site
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Figu?e 4 illustrates conductors of the présent invention including
conductive el enents; -5- FIGURE 5 is a fragnentary cross-sectional view
of -a conductive el enent taken through line 5-5 of FIGURE 4; FIGURE 6 is an
end cross-sectional view of the conductive el enent-taken through |ine 6-6
of FIGQURE 5; FIGURES 7-9 are end cross-sectional views of alternative
enbodi nents of the conductive el enent; FIGQURES 10A-F show process steps for
appl ying a conductor to a substrate in accoPdance with the pr esent

i nvention; FIGJRE 11 shows alternative conductors of the present invention
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FIGURE 12; Drelssing the, site 70 may also be required for effectively
lowering the amount of protrusion relative to the plane of
the circuit line 55 that the conductor exhibits when applied
to the circuit line 55. Thus, the site 70 can be
appropriately dressed for effectively meeting strict
requirements of surface planarity. However, it should be
appreciated that site dressing is optional, and may be
unnecessary if contact resistance and/or surface planarity
are not problematic.

Next, as shown in FIGURE 10C, a conductor 80 is aligned
in juxtaposition with the break area 50 and the dressed site
70. Referring briefly to FIGURES 4 and 11, the conductor 80
may be only one of a plurality of conductors 80 suspended or
embedded in the carrier 85 or 85A, respectively. Advanta-
'geously, for purposes of versatility and flexibility, the
conductors 80 can be fabricated in the carrier 85, 85A in
the form of a plurality of desirable shapes and sizes to
allow a user to readily choose the conductor 80 which best
suits his/her needs. For convenience in handling and
pxocessing, the carrier 85A is held in a rigid frame 90 of,
for example, metal. Further, as is better shown in FIGURE
14J, the carrier 85A has carrier openings 183 therethrough
defined by sidewalls 100; and each carrier opening 183
contains a conductor 80. The conductors 80 are each
suspended by the sidewalls 100 of its corresponding carrier
opehing 183. In the illustrated embodiment, each conductor
80 has the diffusion barrier 52 and the bonding medium 54.
It is understood that the conductor 80 can have any of the
configurations illustrated in FIGURES 6-9. As explained in
greater detail hereinbelow, the carxrier 85A is prefergbly



EIGUﬁES 14A-J show process step .for fabricating conductors enbedded in a
carrier in accordance with the present invention. DETAl LED DESCRI PTI ON OF
THE PREFERRED EMBODI MENTS One specific use of the present invention is the
repair of open circuit defects. One skilled in the art will appreciate
that the present invention is useful whenever and wherever a conductive
element is required-to be applied to a circuyit. In addition to repairing
circuits, a conductor -6- in accordance with the invention can be used
for adding a connection to a circuit that was inadvertently omtted,

previously ynBeGesSSaryy un QU il co
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defi ned by Ewbxigation sof theurendgciexrss 80 | it Ehee cappierh 8530l or 80
includes a ¢l @d \ExpPlLIMEd 1P Jredtd@detail hereinbelow.

Reterriﬁg again to FIGURE 10C, aligmment of the
conductor 80 in juxtaposition with the break area 50 and
site 70 can be accomplished by any suitable alignment means.
As an example, although not specifically shown herein,
alignment can be accomplished by loading the circuit into a
bonding station and superimposing the conductor 80 over the
break area 50 by attaching the carrier to an X-Y-Z
positioning arm-stage. A microscope is then used to align
the conductor 80 over the break area 50 and site 70. Proper
alignment is faciiitated by the transparency of the carrier
85A which provides the operator with a substantially
unobstructed view of the circuit 1line 55 .to which the
conductor 80 is to be bonded.

As shown in FIGURE 10D, a bonding tip 115 is then
aligned over the conductor 80. The bonding tip 115 is
applied to the diffusion barrier 52 and energized, prefera-
bly using wultrasonic vibration and laser heating as
described in previously mentioned U.S. Patent No. 4,970,365
to Chalco, to bond the conductor 80 to the dressed site 70
of the circuit line 55. A first intermetallic 56 is formed
between the bonding medium 54 and the material of the
circuit line 55 and a second intermetallic 58 is preferably
formed between the bonding medium 54 and the material of the
conductive element 46.



first and s

econd conductive el enent surfaces 48 and 50, respectively.

At

| east one of a diffusion barrier 52 and a bondi ng medi um 54 are adjacent to

one of the

conducti ve el ement surfaces 48 and 50. |In the enbodi nent of

FIGURES 5 and 6, the diffusion barrier 52 is on the first conductive
el ement surface 48 and the bonding nmedium 54 is on the second conductive

el ement sur

face 50. FIGQURE 7 illustrates an enbodi nent wherein the’

conduct or 80A has the diffusion barrier 52! But no bondi ng medium Fl GURE 8
illustrates an enbodi nent mherein t he conductor 80B has the bondi ng medi um
| ffusion_ barri.er. | GURE 9 illustrates an enbodlnent wherein
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bottom portion 125 of the bonding ¢tip 115 has a
frustoconical shaped cavity 135 therein which tapers, for
example, at a nominal angle of 20°, to a nominal diameter of
about 0.001 to about 0.002 inches, and merges with a
vertical, cylindrical hole 140. An optical fiber 127 is
centrally located in the cylindrical top shank portion 120
and bottom portion 125. :

In a preferred embodiment, the vertical hole 140 is
about 0.001 to about 0.002 inches nominal in diameter and
about 0.003 to about 0.005 inches nominal in length. The
nominal thickness of the wall 145 definihg the cylindrical
hole 140 is an important dimension since adjacent thereto
will be the primary area that will be heated during bonding.
Accordingly, the wall 145 defining the cylindrical hole 140
should have minimal thickness so as to further the heating
thereof. In a prefe:red embodiment, the thickness of the
wall 145 varies from about 0.001 inches at the bottom
portion of the cylindrical hole 140 to about 0.004 inches at
the top portion of the cylindrical hole 140.

In order to prevent energy loss from the bottom end 130
and to create a highly-efficient laser-beam trap, a capping
layer 150 is included to provide a seal thereat. The
capping layer 150 preferably covers the entire footprint of
the bottom end 130, and 'can be integrally attached to or
deposited on the bottom end 130 by any suitable means. For

over



connéct two ends of a metallization or circuit line 55. As shown, the break
area 50 may be an open circuit defect and the circuit line 55 may be a thin
filmline. -7- The break area 50 and circuit line 55 may be sandw ched
between an insulating layer 60 and a circuit base 65. The insulating |ayer
60 is typically an insulating material such as. polyimde; and the circuit
base 65 may conprise a sub- strate, such.as a nultilayered ceramc
substrate or a printed circuit board. In order to apply a conductor to the
break area 50, the- insulating |ayer 60 nust be opened, preferably |ocally,
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carrier, ageﬁggggigﬁq her ei nbel ow. The opening in the insulating |ayer
60 can be created by any appropriate tech-

During bonding, the bonding tip 115 or, more specifi-
cally, the capping layer 150, may completely cover and press
the conductor 80 to form a bond. While bonding, the bonding
tip 115 should avoid excessive contact and heating of the-
carrier 85, 85A on which the conductor B0 is located. Such
excessive contact and heating may result in inefficient and
ineffective bonding, and may also result in damage to the
carrier 85, 85A. The carrier 85, 85A is typically comprised
of relatively fragile material, such as polymer, and thus
excessive heating with the bonding tip 115 during bonding
may cause unwanted softening thereof.

Further, for convenience, manufacturability and cost
effectiveness considerations, the capping layer 150 should
also be adequately dimensioned for proper bonding of conduc-
tors of various shapes and sizes. By way of example, the
bonding tip 115 includes a réctangular shaped capping layer
150, as shown in FIGURE 13, having a nominal width of about
80 microns and a nominal length of about 120 microns has
been found adequate for properly bonding conductors having
a nominal width of between 20 microns and 40 microns and a
nominal length of up to about 120 microns.

If the length of the desired area requires a conductor
that is substantially longer than the length of the capping
layer 150 of the bonding tip 115, the conductor can still be
applied by first bonding one end of the conductor to one end
of the circuit line, and then subsequently bonding the other



nlque For exanpl e, an opening can be created in a polyimde insulating
I'ayer by ablation with a pul sed exci ner |aser, such |aser being equi pped
with heliumjets to renove debris generated during the ablation. The

insul ating |layer 60, or a portion thereof, is thus renoved. Further, it may
be necessary to reduce contact resistance betmeen t he conductor to be
applied and the circuit line 55 by "dreSS|n a site 70 of the circuit line
55 which is adjacent to the break area 50.1 2 Tontact resistance nay be
caused by contam nants, such as oxidation, formed on a top surface 53 of
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The capping layer 150 should have a thickness which
allows for simplified heating thereof. A capping layer
having a nominal thickness of about 5 microns to about 10
microns has been found to be adequate. However, it should
be fully understood by those skilled in the art that other
dimensions for the capping layer 150 may be suitable for
achieving adequate Dbonds. Suitable material for

constructing the capping layer 150 include stainless steels,
nickel-based alloys, tungsten, tungsten alloys and the like.

Referring to FIGURE 10D, excessive heating of the
circuit base 65 on which the circuit line 55 is located
should also be avoided during bonding. The circuit base 65
is also typically comprised of relatively fragile materiail,
such as polymer, which will undesirably soften under
excessive heat conditions. Advantageously, the present
invention provides for controllable and reproducible bonding
cénditions for forming bonds to avoid or minimize excessive

heating.

Preferably, the capping layer 150 should comprise
material which is resistant to wear and oxidation under the
heating temperatures required for bonding, for example,
typically in the range of about 300 to about 500° C. For
ease of fabrication, the capping layer 150 can comprise the
same or similar material as that used for construction of



-8- 70 depend on the dinmensions of the conductor being applied. Dressing
the, site 70. may also be required for effectively |owering the amount of
protrusion relative to the plane of the circuit line 55 that the conductor
exhi bits when applied to the <circuit |ine 55. Thus,, the site 70 can be
appropriately dressed for effectively neeting strict requirenments of
surface planarity. However, it shoul d be_gfgngciated that site dressing is
optional, and nay be unnecessary if conta resi stance and/ or surface
planarity are not problematic. Next, as shown in FIGURE | 0C, a conductor 80
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flexibility, the conductors 80 can be fabricated in the carrier 85,: 85A in
the formof a pl Refiermingnogedio FIGURENJIE swpseduent; $o bonding of -

the conductor 80 to the circuit line S5, the carrier 85, 853
in which the conductor 80 is suspended is lifted so as to
detach the conductor 80 therefrom. In order to prevent or
minimize damage to:the conductor 80, damage to the circuit
line 55, and weakening or fracturing of the bond between the -
conductor 80 and the circuit line 55, the amount of force
required for detaching the conductor 80 from the carrier 85,
85A should be minimal and can be provided by the bonding tip
to effect forming of the conductive path and separating at
about the same time. In this regard, the manner in which
the conductor 80 is attached, suspended in the carrier 85,
85A is important. Fabrication of the conductor 80 so as to
minimize the amount of force required for detachment from
the carrier 85A is explained in detail hereinbelow. After
detachment, the exposed circuit line 55 and conductor 80 may
be covered with a suitable insulating material 155, such as
polyimide, as shown ‘'in FIGURE 10F. For instance, the
purpose of the insulating material 155 may be required for
passivating thin-film circuitry or for initiating the next
thin-film layer. '

FIGURES 14A-J shoﬁ'prdcess steps for fabrication of the
conductors 80 suspended in the carrier 85A as illustrated in
FIGURE 1l1. The present invention can be used with other
carriers that are known to those skilled in the art such as
the carrier 85 illustrated in FIGURE 4. A support layer 160
has a carrier 85A disposed thereon. The support layer 160
can comprise any suitable material which has adequate



allow a user to readily choose the conductor 80 which best suits his/her
needs. For conveni ence in handling and processing, the carrier 85A is
held in a rigid frame 90 of, for exanple, netal. Further, as is better
shown in FI GURE 14J, the carrier 85A has carrier openings 183 therethrough
defined by sidewalls 100; . and each carrier opening 183 contains a conductor
80. The conductors 80 are each suspendgd_1 y_the sidewalls 100 of "its
correspondi ng carrier opening 183. In the Tllustrated enbodi nent, each
conductor 80 has the diffusion barrier 52 and the bonding medium54. It is

st r at edt FaLE FFRF M1 asly ThE, RBLERO0Yy Burphir UMY BUbPEE D6
carrier 85/5¢kegkivitublio theg-congactexs aland thearayrier 85Aqrfor
alignment a3 PH6RPRES syiEEdEiY ORelbvh 1€ 1HUYHEE 0TS Fir | Rablipied’ IiRe 85A
will also be explarned in greater detall_hereinbel ow .
support layer 160 can include copper. The carrier 852
should include a material which allows the conductors 80 to
be suspended or embedded therein and, for the reasons stated
hereinabove, which also permits the conductors to be
detached therefrom with a minimal amount of force. Furth_er,
the carrier 85A 1s preferably made to be sufficiently
transparent, such as, by thinning, so that the integrated
circuit on which a conductor 80 is to be applied can be
viewed through the carrier 85A to pe:mit.proper alignment of
the conductor 80. For example, the carrier 85A can comprise
a polymer, such as, polyimide. The carrier 85A can be
formed -on the support layer 160 using a conventional
spin-coating technique. As shown, the support layer 160 and
carrier 85A can be positioned on a frame 90 to facilitate

processing.

Next, a mask layer 170 is formed over the carrier 85A,
such as by blanket deposition (FIGURE 14B). The mask layer
170 can comprise any suitable masking material, such as,
aluminum. A photoresist layer 175 is then applied over the
mask layer 170 (FIGURE 14C). The photoresist layer 175 is
conventionally exposed and etched to form one or more
openings 180 in the photoresist layer 175. The openings 180
are configured in accordance with the reguirements of the
patterns of the conductors being formed so that each of the
openings 180 has a pattern, linear or non-linear, which
matches the pattern of a conductor to be formed. The mask
layer 170 is then etched by conventional techniques, e.g.,
chemical etching, through the openings 180 in the



Referring again to FIGURE | 0C, alignnment of the conductor 80 in
juxtaposition with the break area 50 and site 70 can be acconplished by any
sui tabl e alignnent neans. As an exanple, although not specifically shown
herein, alignnment can be acconplished by |oading the circuit into a bonding
station and superinposi ng the conductor 80 over the break area 50 by

attaching the carrier to an X-Y-Z positignL g armstage. A mcroscope is
then used to align the conductor 80 over t break area 50 and site 70.
Proper alignnent is facilitated by the transparency of the carrier 85A

whi ch provi r gt_Qr_ .t syhstantd Y. ' f the
circuit i ngﬁégb%%s\%%i ch a&ﬁé'wclo;r%d%c o%lr% é% ifs?qlt% ng&%%?gélgﬁ%% ogﬁ(?‘v\gm? n

FI GURE 10D, 182pbokéroeggh.p thes imaskhedaytemndd bvdFERIRE: oddidt-or 8The The
bondi ng ti ' | i eqdi j i i :
prefera- blpgiéglo?%sgﬁi r f}g ﬁ%g?gsb%gt%%ynég%#gis%rf%%%ﬁg% as ESC%?I ed in
previ ousl y FhAt il er sS85t ift then 4ebebedcnlise (Rairg, qonvemtdongd -

conduct or 8febAnilRed,cs BUES| ot 7 EeictiiRR-GidnHéticHints 5Through Skthe

|nternetallégeggnb§ f%%QEdin ﬁhe mask layer. 170 so as to form .
corresponding openings 183 in the carrier 85A (FIGURE 14F).
The mask layer 170 is then removed using, for example, a

conventional chemical etching technique (FIGURE 14G).

Optionally, after removal of the mask layer 170, the
carrier 85A can be thinned to a desired thickness which
corresponds to the thickness of the conductors being formed,
for example, between 1 and 10 microns; or the carrier 85A
can be made thinner than the thickness of the conductors
being formed. Such thinning increases the transparency of
the carrier 85A. Thus, the amount of thinning, if any,
depends on the degree of transparency desired for the
carrier 85A. Thinning can be accoinplished using, for
example, conventional reactive-ion—etching techniques. In
another embodiment, the step of thinning the carrier 852 is
paerformed prioxr to deposition of the mask layer 170.

The openings 183 in the carrier 85A are then filled
with suitable conductive material, such that.the conductive
material appropriately, snugly fits, such as by friction
fit, against the sidewalls 100 of the openings 183 so as to
be suspended by the sidewalls 100, for forming the
conductive elements 46 of the conductors (FIGURE 14H).'
Filling can be accomplished by any appropriate technique,
and the conductive material can'comprise any appropriate
material which will not readily react with and/or adhere to



bet ween the bonding medi um 54 and the material of the circuit line 55 and a
second internetallic 58 is preferably forned between the bondi ng nedi um 54
and the material of the conductive el enent 46. -10- FIGURE 12 shows t hat
the bonding tip 115 may be pencil-like in shape, and may be conprised of a
cylindrical top shank portion 120 and a frustoconical bottom portion 125
whi ch tapers to a bonding or botton1end_;§06having a nom nal outside

di anet er of about 0.003 to about 0.005 inches. The bottom portion 125 of

t he bonding tip 115 has a frustoconi cal shaped cavity 135 therein which

tapers, for efanPieridt @SHOTHE dnduetive’@litehts! 262sR6E1A%ach BE! €T
of about 0.001 to about_  0.002 1 nches, and nerges a_vertjcal

es wWith ,
cylindrical $H¥FRended withif it respertive orenbng (1§34 budcshepldplse
cylindrical ge&preadikyoihd OoRabdd yandebféhalhl §0oheref¥dm so that the

amount of force required to detach the conductive material
from the.opening 183 of the carrier 85A should be minimal.
For instance, gold can be electroplated to the support layer
160 through the openings 183; advantageously, gold will
react and adhere minimally with a polymer carrier. More
specifically, the thickness or height of the conductive
elements 46, hence the conductors, will increase as more
gold is electroplated to the support layer 160. The conduc-
tors can be made to be higher than the carrier 85A by
electroplating an appropriate amount of gold to the support
layer 160; and thus the thickness or height of the
conductors is not limited by the thickness or height of the
.carriex 85A.

The support layer 160 is removed, such as by chemical
etching, so that the conductive elements 46 are left
suspended or embedded in the carrier 85A (FIGURE 141I). The
conductive elements 46, and hence the conductors, will not.
detach from the carrier 85A without adequate external forces
inducing such detachment.

FIGURE 14J 1illustrates the conduit' 80 with the
diffusion barrier 52 and the bonding medium 54 thereon. The
diffusion barrier 52 and the bonding medium 54 are applied
by conventional plating before removal of the support layer
or by evaportion techniques after removal of the support
layer.



.n a preferred embodi nent, the vertical hole 140 is about 0.001 to about
0.002 inches nomnal in dianeter and about 0.003 to about 0.005 inches

nom nal in |ength. The nom nal thickness of the wall 145 defining the
cylindrical hole 140 is an inportant dinension since adjacent thereto wll
be the primary area that will be heated during bonding. Accordingly, the
wal | 145 defining the cylindrical hole 14 houl d have m ni mal thickness so
as to further the heating thereof. In a preferred enbodi nent, the thickness
of the wall 145 varies from about 0.001 inches at the bottom portion of the

cylindrical hole %&&%&é} Q)F%gésg;é%?iegabigeﬁlég& Qﬁ&&c&\%s@f ihNéhe

cylindrical hole n or _energ oss fromthe bottom end
130 and to gange of Hbony -kite cikont | Jgeicrenm PFiQr o ckepdirgy ayer 150
is included to provide a seal thereat. The capping | ayer 150 preferably

covers the entire footprint of the bottomend 130, and can_be iﬂée rally
attached to or défhei ddffasiome Berrdarerts 19898y 9hy auPaLksFia a'ﬁ%a.tFor

inhibits the diffusion of the material from which the
conductive element is made, e.g., refractory materials such
as chrome, tungsten, tantalum and the like.

The bonding medium is presenf in an amount effective to
enhance bonding. Preferably, the thickness of the bonding
medium is in the range of about 2,000A to about 2 microns
prior to bonding. When the thickness of the bonding
material is less than about 0.5 microns, a diffusion barrier
is preferably positioned between the conductive element and
the bonding material to inhibit diffusion of the bonding
material into the conductive element.

The bonding material is one that bonds with the
material at the suxface of the substrate to preferably form
an intermetallic and is selected based on the material -at
the surface. Representati\}e bonding materials include tin,
copper and the like. '

The substrate surface is made of a conventional
material to which the conductive element or the bonding
material will bond. Copper, nickel and the like are
representative of the material of the substrate surface.

The substrate is a piece on which it is desired to bond
a conductor. A preferred substrate is an integrated circuit
chip. '



instance, the capping |ayer 150 can be attached using plating techniques,

or deposited using chem cal vapor deposition. During bonding, the bonding
tip 115 or, nore specifi- cally, the capping |ayer 150, nmay conpletely
cover and press the conductor 80 to forma bond. Wile bonding, the bonding
tip 115 should avoid excessive contact and heating of the carrier 85, 85A
on which the conductor 80 is |ocated. Such cessive contact and heating
may result in inefficient and ineffective bggdlng, and may also result in
damage to the carrier 85, 85A. The carrler 85,. 85A s typically conpri sed

Of heL B vely, 38| B UBLEELD! 42 Ueheatn PRLY il L MERRXEBRE IR Pt 0
t her eof . Fuadhamﬁagas @mauanhnmxgdrhumduseuoﬂbthetﬁlfﬁusaontbett&etbveness
consi dor at | gfy, | BEcEARE. "OMAYELed SRl Ol B8] DBeadGM LBt aRaST Oned

for proper Aduc ors of various Shapes a
exanmpl e, t helsmtngfm!p disfusthgdinta thet zmguiiaaq sihm)e‘dl%pihgclaayer
' cause degradation of the tip. It is also theorized that the

bonding medium, when present,; enhances bonding by forming an
intermetallic with the material of the substrate surface
and, when a diffusion barrier is not adjacent to the bonding
medium, an intermetallic with the material of the conductive
element. It also is theorized that the processing methods
used contribute to obtaining the advantages.

This invention has been described in texms of specific
embodiments set forth in detail. It should be understood,
however, that these embodiments are presented by way of
illustration only, and that the invention is not necessarily
limited thereto. Modifications and variations within the

- spirit and scope of the claims that follow will be readily
apparent from this disclosure, as those skilled in the art
will appreciate.



}50,"as shown in Fl GURE 13, hﬁﬁisﬁﬁheﬁ-la@@@n%ﬂ;]ac\éé dth of about 80 microns and
a nom nal |ength of about 120 q

bondi ng conductors having a no

n found adeguate-for—properly—
W]ﬂl’ Mbet ween 20 m crons and 40 '
microns and a nominal |ength of 20 ni crons. l”!“gﬂuuﬂlﬁwjmute

the desired area requires a conductor that is substanti al

| ength of the capping |layer 150 of the b nngg tip 115, the conductor can

still be applied by first bonding one end of the conductor to one end of

the circuit line, and then subsequently bonding the other -1 2- end of

the conductor to the other end of theafwgsit line. In other words, it is

not'necessarz faor_the capping |layer ISU t0 conpletely cover the entire

conduct or onpl ete the bond in one bonding step. The capping | ayer

150 shoul d have a thickness which allows for sinplified heating thereof.

A cappi ng hgyerhl . R
7 conductor for forming a conductive path on a surface

of a substrate, the conductor comprising:

a conductive element having a conductive element
surface; and

at least one of a diffusion barrier or bonding medium
adjacent to the conductive element surface, the bonding
medium being distinct from the conductive element.

2. The conductor of claim 1 wherein the conductor includes
the diffusion barrier and not the bonding medium.

3. The conductor of claim 1 comprising both the diffusion
barrier and the bonding medium.

4. The conductor of claim 3 wherein the diffusion barrier
is between the conductive element surface and the
. bonding medium. |

5. The conductor of c¢laim 1 wherein the at least one of
the diffusion barrier or bonding medium is on the
conductive element surface.

6. The conductor of claim 1 wherein the bonding medium has
a thickness in the range of about 2,000 A to about 2
_ microns.



bavi ng a noninal thickness of aboul: JpeelM to about. 10 mcrons has
been found to be adequate. Fbmever,m' cel B3¢ Bed) ela‘?elgjllly understood by thoSe |
skilled in the art that other di.nenglwq H: u

capping | & :
suitable for achieving adequate b ui-t abl e @f&“ll‘g‘”@“lﬂgl "
constructing the capping |ayer 150 include stainless steels, elw base '
al I oys, tungsten, tungsten alloys and the,ldke. Referring to FI GURE | OD,
excessive heating of the circuit base 65 on which the circuit line 55 is

| ocat ed shoul d al so be avoi ded during bonding. The circuit base 65 is al so
typreally cpibr!s6d bnhfitebkvEEYcibifl! ) CelBLRb 2bonp 18189 BOCKRREe M CN
w Il undesirably soften under excessive heal conditions. ~Advantageously,

t he present inveheisvwppesyi the eondughorel | abl e and reproduci bl e bondi ng
conditions for form ng bonds to avoid or mnimze excessive heating.
Preferably, the capping_ |ayer 150 _should conprise materi.al i.Gh is

resi stant t& weaFRARPRAYCERT A FiddR ¢ eheratir e é‘?ﬁﬁ’aﬁﬂ%ggf‘&?uPPed f or
bondi ng, for exagpégingyiieréin dnd the com@ectivelElsnaDd exremlasuing800 C..
For :

the opening.

g. The conductor of claim 1 wherein the conductor is
suitable for use in a laser bond process.

10. The conductor of claim 1 wherein the diffusion barrier
has a thickness in the range of about 1 to about 3

microns.

11. A conductor for forming a conductive path on a surface
of an integrated circuit, the conductor comprising:

a carrier defining an opening therein;

a conductive element having first and second conductive
element surfaces, the conductive element extends into
the opening; and

at least one of a diffusion barrier adjacent to at
least one of the first or second conductive element
surfaces or a bonding medium adjacent to one of the
first or second conductive element surfaces for joining
the conductive element to a surface of an integrated
circuit, the bonding medium being distinct from the
conductive element.



" i - This Sh
gase of fabrication, the capp|njs eﬂ}hsﬁ

%onprlse t me_or simlar
material as that used for const I - the bonding tip 115; 'éﬂd“
fabricati on can be achi eved usi

Referring now to FI GURE 10E, subsequent to bondi ngeg‘?SLLleogmmmmnm#mmm
s

the circuit line 55, the carrier 85, 85A in which the conductor 80 i®
suspended is lifted so as to detach the cogductor 80 therefrom |n-order to
prevent or mnimze danage to the conductor 80, damage to the circuit line
55, and weakening or fracturing of the bond between the conductor 80 and

the circuitypinerha, EBﬁdé‘E’EHEt 8t fOILemT eOui Lithiin d/GARC N BB or
conductor 80 fromthe _carrier 85A should be. m nimal and can be prOV|ded

by the bondi ng tFB“PEJ-@PFe(H"tfrbr?H?Ig SRAiRg &HHTE (R4 phha dFfusdamat i ng
at about the sanpakirfier./n this regard, the manner in which the conductor
80 is attached, suspended in the carrier 85,

13. A method of forming a conductive path on a substrate
surface between two locations on the substrate surface,
the method comprising the steps of:

providing a conductor comprising a conductive element
having first and second conductive element surfaces and
at least one of a bonding medium between the first
conductive element surface and the substrate surface,-
the bonding medium being distinct from the conductive
element, or a diffusion barrier adjacent at least one
of the conductive element surfaces; and

forming a conductive path with the conductive element
on the substrate surface.

14. The method of claim 13 further comprising the steps of:
providing a carrier for the conductive element, the
carrier defining an opening therein in which the
conductive element extends; and

separating the conductive element from the carrier.

15. The method of claim 14 wherein the forming and
separating steps are performed at about the same time.

l6. The method of claim 14 wherein the carrier comprises a
pplymer.



85A 1's inportant. Fabri ' conductor 80 so as to mninze the——

anount of force requi rggsghggtHgsq;ee,pmegd fromthe carrier | '
in detail hereinbel ow. , the exposed ci rCﬁﬂﬁ"’ﬂ"E@»M@ﬂ" :
conductor 80 may be covq\mu&mm%ﬂm table insulating materia
as polyimde, as shown For instance, the purpose of the
~insulating material 155 may be required for,passivating thin-filmcircuitry
or for initiating the next thin-film/|ayer. FlIGURES 14A-] show process

steps for fabrication of the conductors 80 suspended in the carrier 85A as
illustratedl7n FrhieRRethodTbéE piledmnt3| wherelinnthencbaductdrwinhblodesr

carriers that ar d aLpi.er
illustrated in Ef'ﬁE%ﬁe %o éggg‘ r?‘gﬁy“g‘r ak@oEﬁgsﬁéEggggpre\rﬁgggfg{‘ g‘%sed
thereon. The suppbet Iddffusigm tham\?ﬂﬂ sésanprovided o belwedn| t\hech has
adequate  rigi dhhiubpivar QYbAbAY bH8 ERECBSAAYngUREALARAND proper etch

18. The method of claim 13 wherein the conductor includes
both the bonding medium and the diffusion barrier and
the bonding medium and the diffusion barrier are
adjacent to different conductive element surfaces.

18. The method of claim 13 further comprising the step of
bonding the conductive element to a substrate surface
with the ‘bonding medium. )

20. ' The method of claim 13 wherein the bonding medium has
a thickness in the range of about 2,000 A to about 2

microns.



seléctivity to the conductors and the carrier 85A for alTow ng Subsequent
‘renoval thereof. For exanpl e, the support |ayer 160 TR{StedBadiblen RO .@
The carrier BSA should include a material which allows { Oto
be suspended or enbedded therein and, for the reasons stm ‘E

whi ch al so pernmits the conductors to be detached theref

amount of force. Further, the carrier 85A3s preferably nade to be
sufficiently transparent, such as, by thinning, so that the integrated
circuit on which a conductor 80 is to be applied can be viewed through the
carrier 85A to permt proper alignnent of the conductor 80. For exanple,

the carrier?gﬁﬁu @BRCEGRrFEQMQNBOEbﬁBUC Y&" paTy @ﬂ'hN”&ﬁ%EGRﬁ carrier

85A can be forned on the support ayer 160 using a conventiona

spi n-coati ng technique. | ayer 160 and carrier 85A can
be positioned on a frane Qoaﬁgggg aﬁ%Q%Pbcessing. Next, a mask | ayer
170 is fornmed over the carrier 85A, such as by bl anket deposition (Fl GURE:-
14B). The mask | ayer 170 can conprise any suitable masking material, such
as, :

ABSTRACT

A conductor (80) for the repailr of, or addition to,

a circuit includes a conductive element (46) and at least

one of a diffusion barrier (52) or bonding medium (54)

adjacent to a conductive elément surface (48, 50).

The diffusion barrier ihhibits the diffusion of the material

from which the conductive element is made into a bonding tip
- used to effect bonding of the conductor to the circuit.

The bonding medium enhances bonding between the conductive

element and the cilrcuit.

Figure 5



A Fn num A photoresist layer 175 is then applied over the mask | ayer 170
M'FIGURE 14C). The photoresist layer 175 is conventionally exposed and

et ched to formone or nore openings 180 in the photoresist layer 175. The
openings 180 are configured in accordance with the requirenents of the
patterns of the conductors being fornmed so that each of the openings 180

has a pattern, |inear or non-Ilinear, anlg mat ches the pattern of a
conductor to be forned. The mask |l ayer 1 is then etched by conventi onal
techni ques, e.g., chem cal etching, through the openings 180 in the -1

5- photoresist |layer 175 so as to form correspondi ng openings 182 through
the mask layer 170 (FIGURE 14D TTe phot oresi st layer 175 is
subsequently renoved (Fl GURE 14E). TH@gr ier 85A is then etched al so

usi ng conventional techniques, sucg, Gﬁ iii.lgacti ve-ion-etching, through
the openings 182 in the mask | ﬂ ) & so as to form

25 »/ .... ™ 0.:. 15
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corFesponding openings 183 in the carrier 85A (FIGURE 14F). The mask | ayer
#170 is then renoved using, for exanple, a conventional chem cal etching
techni que (FI GURE 14G. Optionally, after renoval of the mask |ayer 170,
the carrier 85A can be. thinned to a desired thickness which corresponds to
the thickness of the conductors being fornmed, for exanple, between 1. and 10
m crons; or the carrier 85A can be nmade thinner than the thickness of the
conduct ors being fornmed. Such thinning #htreases the transparency of the
carrier 85A. Thus, the anount of thinning, if any, depends on the degree
of transparency desired for the carrier 85A Thi nni ng can be acconpli shed
using, for exanple, conventional reactive-ion-etching techniques. In '
anot her enbodi nent, the step of rnning the carr”gg;?SﬁSi performed prior
p 18¥/-i iVt {

to deposition of the mask | ayer 0. The opéni ngs carrier 85A
are then filled with suitable ¢ ctive majerial, RRIOR ARfat the conductive
mat eri al appropriately, snugly ¥ such ag by friction fit, against the-

sidewal I s 100 of the openings 1
100, for formng the

as to be suspended by the sidewalls
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gonductive elements 46 of the conductors (FIGURE 14H). Filling can be
acconpl i shed by any appropriate technique, and the conductive material can
conprise any appropriate material which will not readily react with and/or .
adhere to -1 6- the carrier 85A. The conductive el enents 46 should each
be suspended within its respective opening 183, but should also be readily
and easily detachable therefromso that 8Wé anount of force reqU|red to

det-ach the conductive material fromt opening 183 of the carrier 85A
shoul d be m nimal. For instance, gol el ectroplated to the support
| ayer 160 through the openings 183; advant ageousl y, gold will react and
adhere mnimally with a pol r_carri-er. re specifically, the thickness

or height of the conductive él.eny,ri.s AGo'h’e.ne -'t'heo onductors, w ||
increase as nore gold is elgelto ‘ét‘.ed'-t-@ RS sl t leayer: 160. The

conduc- tors can be nmade to b‘e.. er an thefxapt 5A by
ek 5 5 ] oees
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gl ectropl ating an appropriate anount of gold to the support |ayer 160; and
thus the thickness or height of the conductors is not limted by the

t hi ckness or height of the carrier 85A. The support |ayer 160 is renoved,
-such as by chemical etching, so that the conductive elenments 46 are |eft
suspended or enbedded in the carrier 85A (FIGURE 141). The conductive

el ements 46, and hence the conductors, Wid1 not detach fromthe carrier 85A

wi t hout "adequat e ext er nal

forces inducing.such detachnent.

FI GURE 14J

illustrates the conduit- 80 with the diffusion barrier 52 and the bondi ng

medi um 54 t hereon. 50
appl i ed by conventi ona

pl ati ng before r@‘remval of tae su&poryol ays¥3 or by
evaportion te S t gaye S
95 S . 35
Yimg /
SRR —65 NANNANNNNNNNNNNNNNNNNNNY g U
115
80
.;_':'5 85,854
R VSR Y‘L\ R 2 D 27 AB
e — SSSIN\SSY7
< [ Y7oz iy
ANNNNANNT ANNNNNNNNNNNNNY g ) SANAANNNRN NN NN NANNNNNY e R
50 54) CSG

FIG. 10C

di ffusion barrier 52 and the bondi ng nmedium 54 are
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The diffusion barrier preferably has a thickness in the range of about 1 to
- about 3 mcrons prior to bonding. The diffusion barrier is made of a
material that inhibits the diffusion of the material from which the
conductive elenent is nade, e.g., refractory materials such as chrone,
tungsten, tantalumand the |ike. The bondr nediunris present in-an anount
effective to enhance bonding. P aﬁn he t hi ckness of the bonding
mediumis in the range of abouth(goo to about 2 microns prior to bondi ng.
When the thickness of the bonding mat eri al’ |s | ess than _about 0.5 m crons,

a diffusion barrier is pg IS I E 4 aP“““"“ﬁ’conductrve el ement
and the bondi ng nmateri al e 1br ng material into
the conductive el enent. Mex oonds with the
materi al at the sur¥lace—gH: ‘m an
intermetallic and is selg e surface.
Represent ati ve bondi ng nd < he |ike. The
substrate surface is ngde t a COﬂM n{roﬁa

85A — -
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material to which the conductive el enent or the bonding material wll bond.
“Copper, nickel and the like are representative of the material of the
substrate surface. The substrate is a piece on which it is desired to bond:
. a conductor. A preferred substrate is an integrated circuit chip.
REPLACEMENT SHEET 19 CLAIMS 1. A conductor for form ng a conductive path
on a surface of a substrate, the conduct®f7 conprising: a conductive

el enent, for SUbS.ﬁﬁﬁ§ iransfer to a surface %%Iiisubstrate, havi ng a
conductive el ement fat&®a carrier to suppor e IcdrRlucti ve el enent
wherein the carrier defines an opening thereln and the conductlve el enent

extends into the opening and wherein the sukf 4k does
not contact [CNEZURIIVELy ZaRBoan: gsAanq,;__ R zEl-_l_.gg4-bondi ng
medi um adj a / AS~_160 ///J//7J7//////1/ —~—160
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gleient surface, the bondi ng nmedi um being distinct fromthe conductive
element. 2. The conductor of claim1l wherein the diffusion barrier is
between the conductive el enment surface and the bonding nedium 3. The
conductor of claim1 wherein at |east one of the diffusion barrier or
bondi ng nmediumis on the conductive elenent surface. 4. The conductor of
claim1 wherein the bondi ng nedi um has aLzhickness in the range of about
2,000 A'to about 2 microns. 5. The cond(for of claim1 wherein the
conductor is suitable for use in a |aser bond process. 6. The conductor of
claim1 wherein the diffusion barrier has a thickness in the range of about
1 to about 3 microns. 7. A conductor for form ng a conductive path on a
surface of a substrate, the conductor conprising: a carrier defining an
opening therein; a conductive elenment, for subsequent transfer to a
substrate having first and second conductive el enment surfaces, not in _
contact with the carrier, the conductive el enent extends into the opening;’
and a first diffusion barrier adjacent to one of the first or second
conductive el enent surfaces and a bondi ng nmedi um adj acent to other of the
first or second conductive

FIG. 14




REPL'ACEVENT SHEET 20 el ement surfaces for joining the c
a surface of a substrate, the bonding nmedi um bei ng di st
conductive element. 8. The conductor of claim?7 furthef
second di ffusion barrier between the othek of the first
conductive el enment surface and the bondi ng nedium 9.

a conductive path on a substrate surface between two | ot

substrate surface, the nmet holSUMNMIARY OF THE NYENTION
conductor conprising a conductive elenent having first
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and second

conducti ve el enkcdordingftaons aspedt af thegassenvinventiors thevads prpvidediawondeattoe dox

the first conductive el enent surface and the substrate

surface, the bonding

medi um bei rigringt areomdaetive path @ adsigface eofed snbstirate, othe acamdfi¢tor icomphiaing: er

adj acent at | east. one of the conductive el enent surface

s; providing a

carrier forconguctienglesmente fon subsequent nisanstar, fra délffilﬂm o6 arsubyEate ngvingeaei n

in which theopéonduct ive el enent extends; and fo a
t he conductGopdugtivenglsment,s s (foSHFLE éosﬁgPP%fE
conducti ve el erregt fromthe. ca{hel er

carrier defines an opening

SAaductye

rein and the conductive element extends into the opening

conegéjct ive pat h \M th

ey Vher

and wherein the conductive element surface does not contact the carrier; and at Ieast one

of a diffusion barrier or bonding medium adjacent to the conductive element surface, the

bonding medium being distinct from the conductive element.

According to another aspect of the present invention, there is provided a conductor

a conductor for forming a conductlve path on a surface of a

compnsmg a carrier det"mmg an opening therein; a conductive

substrate, the conductor

element, for subsequent

transfer to a substrate having first and second conductive element surfaces, not in contact

with the carrier, the conductive element extends into the opening; and a first diffusion

- barrier adjacent to one of the first or second conductive element surfaces and a bonding

medium adjacent to other of the first or second conductive element surfaces for joining

the conductive element to a surface of a substrate, the bonding medium being distinct

from the conductive element.

According to still another aspect of the present invention, there- is provided a

method of forming a conductive path on a substrate surface between two locations on the

substrate surface, the method comprising the steps of: providing a conductor comprising

a conductive element having first and second conductive element surfaces and at least

one of a bonding medium between the first conductive element surface and the substrate

surface, the bonding medium being distinct from the conductive element, or a diffusion

barrier adjacent at least one of the conductive element surfaces; providing a carrier for

the conductive element, the carrier defining an opening therein

in which the conductive

element extends; and forming a conductive path with the conductive element on the

substrate surface; and separating the conductive element from the carrier.



10. ’I’he met hod of claim9 wherein the fornming and separ t RERLAGEMENT ﬁﬂﬁﬂ
performed at about the same time. 11. The nethod of cla
carrier conprises a polynmer. 12. The method of claim9 %EM )
conductor includes both the bondi ng nedi um and the diffysito é?”an
the diffusion barrier is provided between athe conductiv
bondi ng medi um 13. The nmethod of claim9 wherein the cdnductor incI udes
bot h the bondi ngcstedingmoasell tadiotide fdspedt ok BRI pregéntaimdert
and the diffusion barrier are adjacent to different conductive el errent
surfaces. Irépaifétbamepdired subsirateiconfprisingt kesubstoatp haging git tléast she ponduchuomiineang
the conductive elenment to a substrate surface with the bondi ng nedi um
REPL ACEVENTWISHERT the ] corguctph dingchdsoan open;| acomductive: eleiment bridging dthe opendithem
has a thickness in the range of about 2,000 A to about 2 microns. 16. A
repaired sutenductive dementi lwmg fiest andsecond eonduptiveyclsmentesifaces, @ Brshdifusion
| i ne wher ei n t.he gonductor H}? Pas an
barrier adjacent to one o st or second conductive element surfaces and a bonding

medium adjacent to the other of the first or second conductive element surfaces, the
bonding medium at least partially in contact with the conductor line, the bonding
medium being distinct from the conductive element.

Numerous other advantages and features of the present invention will become

readily apparent from the following drawings, detailed description of the preferred
embodiments and the appended claims.

Brief Descrinti f the Drawi
Figure 1 shows a prior art support sheet;
Figures 2A-B show prior art bonding;
Figures 3A-B show a prior art bonding tip;

Figure 4 illustrates conductors of the present invention including conductive elements;



open; a tonductive el enent bridging the open, the conducT; 1In
first and second conductive el erren'? surfa(F:)es, a first gfﬁgﬁwsﬁ@/ °
adj acent to one of the first or second conductive el engnt] surfaces and |a
bondi ng nedi um adj acent to the other of thke first or secondQeoMARCI98e
el ement surfaces, the bonding nediumat least partiallytijp contact witH tlhe
conductor line, the bonding nmedi um being distinct fromgh €
el ement. 17. The repaired substrate of C8¥/AdMS 16 further} conprising a secdnd
di ffusi on barrier between the other of the first or second conductive

el ement surlf aceA asvaidbiéter fondormingeai comductive- gath - ori 2. stitfacec ohdusubstratef, theai m
11 wherein the conductor conprises both the bonding medi um and the

di f fusi on lvanductor. camprisingret hod of form ng a conductive path on a substrate

- surface between two | ocations on the substrate surfage, t he pethod,
conpri si ng t he as¢andyctiye element, for subsequent transfer to a surface of a substrate, having a

conductive element surface;

a carrier to support the conductive element wherein the carrier defines an opening
therein and the conductive element extends into the opening and wherein the conductive
element surface does not contact the carrier; and

at least one of a diffusion barrier or bonding medium adjacent to the conductive
element surface, the bonding medium being distinct from the conductive element.

2. The conductor of claim 1 wherein the diffusion barrier is between the conductive
element surface and the bonding medium.
3. The conductor of claim 1 wherein at least one of the diffusion barrier .or bonding
medium is on-the conductive element surface. "
4. The conductor of claim 1 wherein the bonding medium has a thickness in the range
of about 2,000 A to about 2 microns.
5. The conductor of claim 1 wherein the conductor is suitable for use in a laser bond
process. |
6. The conductor of claim 1 wherein the diffusion barrier has a thickness in the range
of about 1 to about 3 microns.
7. A conductor for forming a conductive path on a surface of a substrate, the
conductor comprising:

" a carrier defining an opening therein;

a conductive element, for subsequent transfer to a substrate having first and second
conductive element surfaces, not in contact with the carrier, the conductive element
extends into the opening; and _

a first diffusion barrier adjacent to one of the first or second conductive element

surfaces and a bonding medium adjacent to other of the first or second conductive



pro)vi di ng a conductor conprising a conductive elenment h iRnErFLA%MﬁNTaﬁHEET

second conductive el ement surfaces and at |east one of ndi ng nedi um
between the first conductive el ement surface and the substy 206 MARI998, |t He
bondi ng nmedi um bei ng distinct fromthe copductive el enenf,} or a diffusidgn

barrier adjacent at |east one of the condlCtive el enent jsurfaces; and
formng a conductive path with the conductive el enent onithe.sybsirate

surface. 14..1Bg giﬁff%bgg tt8{1 g&i ' 3cditubiiey efefi¥Rf t$iansurfqte St @PsubSikate, the

providing a carrier f conductive elenent, the carrier def ining an
openi ng t hep&iding MeMint Beih distitreéii the caldactvd elemétnds; and separating the
condyct ive elenent fromthe carrier. 15. The method of claim 14 wherein the
form ng and8.$¢p’£h@bd>ﬂiﬂcﬁﬂ@;ﬁslafan@ faethEpcomprising alsecond tdiffusiembarrienbetween thehe
met hod of claim 14 wherein the carrier conprises a polyner.

other of the first or second conductive element surface and the bonding medium.

9. A méthod of forming a conductive path on a substrate surface between two
locations on the substrate surface, the method comprising the steps of:

providing a conductor comprising a conducﬁve element haviﬁg first and second
conductive element surfaces and at least one of a bonding medium between the first
conductive element surface and the substrate surface, the bonding medium being distinct
from the conductive element, or a diffusion barrier adjacent at least one of the
conductive element surfaces;

provifling- a carrier for the conductive element, the carrier defining an opening
therein in v;/hich the conductive element extends; and

_ -forming a conductive path with the conductive element on the substrate surface;

and

separating the conductive element from the carrier.
10. The method of claim 9 wherein the forming and separating steps are performed at
about the samie time.
11. The method of claim 9 wherein the carrier comprises a polymer.
12. The method of claim 9 wherein the conductor includes both the bonding medium
and the diffusion barrier and the diffusion barrier is provided between the conductive
element and the bonding medium.
13'.- The method of claim 9 wherein the conductor includes both the bonding medium
and the diffusion barrier and the bonding medium and the diffusion barrier are adjacent
to different conductive element surfaces.
14. The method of claim 9 further comprising the step of bonding the conductive

element to a substrate surface with the bonding medium.
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17. . The net hod of claim 13 wherein the conductor includes
medi um and the diffusion barrier and the diffusion barri
bet ween the conductive el enent and the bondi ng nmedium 18
claim 13 wherein the conductor includes Bgth the bondi ng npdium.and the
di ffusion barrier and the bonding nediumand the diffusion}jbarrier are
adj acent to different conductive el ement surfaces. 19. Th
13 furt her 16ondthesnethod bEclaine P welieriarthe bopdile medindubasi a/thicknesseimtthe vange of
substrate surface wi.ith the bondi ng nedium 20. The nethod of claim13
wher ei n t hebor00Q Antecibont 2 asiceenshi ckness in the range of about 2,000 A to

about 2 m crons. . ..
A repaired substrate comprising:

a substrate having at least one conductor line wherein the conductor line has an
open;

a conductive element bridging the open, the conductive element baving first and
second conductive element surfaces, a first diffusion barrier adjacent to one of the first
or second conductive element surfaces and a bonding medium adjacent to the other of the
first or second conductive element surfaces, the bonding medium at least partially in
contact with the conductor line, the bonding medium being distinct from the conductive
element.

17. The repaired substrate of claim 16 further comprising a second diffusion barrier

between the other of the first or second conductive element surface and the bohding

medium.
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CONDUCTOR FOR FORMING CONDUCTIVE PATH ON AN INTEGRATED

CIRCUIT AND METHOD
ABSTRACT

A conductor (80) for the repair of, or addition to,
a circuit includes-a conductive element (46) and at least
one of a diffusion barrier (52) or bonding medium (54)
adjacent to. a conductive element surface (48, 50)..
The diffusion barrier inhibits the diffusion of the material
-from which the conductive element is made into a bonding tip
uéed to effeét bonding of the conductor to the circuit.
The bonding medium enhances bonding between the conductive

element and the circuit.

Figure 5



