COPPER ON ORGANIC SOLDERABILITY PRESERVATIVE (OSP) INTERCONNECT AND
ENHANCED WIRE BONDING PROCESS CROSS-REFERENCE TO RELA1ED APPLICATION
[0001]This application claims priority from U.S. Provisional Application No. 61/074,154 filed on June
20, 2008, and which is herein incorporated by reference for all purposes. BACKGROUND [0002]Wire
bonding is generally a means of electrical connection between a semiconductor chip and a substrate.

The substerRFERYORIGREBANE SGLDRERARI (CHINPRESPR PN ¥ letd SRR TWRE ONNEPC T

typically involves using gold (Au) wire, aluminum (Al) wire, copper (Cu) wire, silver (Ag) wire, or a

combination of alloy wire to fgxMDHENS#EANICE D ONIREIBOD NIDRNERROE@ESHoNnd process, for
example, is the Stand Off stitch on ball Bonding (SSB). An advantage of SSB is that it provides better

loop control and can achieve RGOSR EFERERIE BroliRFORORIHuARRE iceamonenly used as a form of
electrical connection between the semiconductor chip and the substrate. Typically, the Au wire is

bonded tpadLpl bombipashitvatied caitheprivpitgtfone ensl, Rrodibondedgpliteisnipstl e/ ct4hsother
end. During bonding, the Au and Al inter-diffuse into each other and may result in high electrical

resistanciél@hdnhighelER0008caatiovhidihis heesirthecolpachtedOw refurding felialbibtymdsdevice
performance. Also, the poor heat dissipation characteristic of gold materials may cause overheating in
the IC assembly. [0004]Furthermore, Au materials have low tensile strength and may result in poor
wire sagging, poor wire sweeping performance, poor wire loop profile and instability for long wires,
during packing encapsulation. Also, in Au wirBACkdERDEMDCcess of Ni and Au coating on the
substrate is required in order to achieve an acceptable electrical connection between the Au wire and
the subs{cie2] Wire bonding is generally a means of electrical connection between a semiconductor
chip and a substrate. The substrate may, for example, be a printed circuit board (PCB) or a lead
frame. Wire bonding typically involves using gold (Au) wire, aluminum (Al) wire, copper (Cu)
wire, silver (Ag) wire, or a combination of alloy wire to form the electrical connection. One type
of wire bond process, for example, is the Stand Off stitch on ball Bonding (SSB). An advantage
of SSB is that it provides better loop control and can achieve a lower wire loop profile.
[0003] Au wire is commonly used as a form of electrical connection between the
semiconductor chip and the substrate. Typically, the Au wire is bonded to an Al bond pad
formed on the chip at one end, and bonded to the substrate at the other end. During bonding, the
Au and Al inter-diffuse into each other and may result in high electrical resistance and high heat
generation. This may then lead to low bonding reliability and device performance. Also, the
poor heat dissipation characteristic of gold materials may cause overheating in the IC assembly.
[0004] Furthermore, Au materials have low tensile strength and may result in poor wire
sagging, poor wire sweeping performance, poor wire loop profile and instability for long wires,
during packing encapsulation. Also, in Au wire bonding, a process of Ni and Au coating on the

substrate is required in order to achieve an acceptable electrical connection between the Au wire

and the substrate.



[0005]In view of the foregoing disadvantages and the expensive cost of gold, other materials, for
example, copper (Cu), have been contemplated for wire bonds. Particularly, copper, which has better
conductivity as compared to gold materials, thereby increasing device power rating and improving
package heat dissipation. [0006]A challenge of using copper in wire bonding is that the bond pad
surface on the chip or the lead finger surface on the substrate may have oxidized material coated

thereon, [gboH) mayroeiere asenedoetigaing |t bidtyarftayes xam e exfenivdreobasiogiiemdeu bond pad,
the Cu bond pad oxidizes readily to form a layer of oxide on the bond pad surface. The oxide layer

preventsrastentils foerstitgohs wopportieulviraanstha Gitchmiakgbtbr QR HbHas MetfoukgBing

discussion, it is desirable to improve the performance of wire bond, such as SSB process for copper

wire bondippeanaisicpprs betebonreinetilitg ugt dapRr st ttageldThHdMAS Yh BT easitindevian aspect
of the present invention, there is provided semiconductor package including a first substrate; a first

semicongualer rakifyaitdahestdeitgebickhge hsttalBsiphgsain at least one of the first substrate and the
first semiconductor chip has an OSP material coated on at least a portion of one surface; and a first

copper Winedbpt is wichdengedftosinptopeOSRirodiemihtpithhaathedsindrpadbtinfade sihathbsitigie and
the first semiconductor chip. [0009]The first substrate may include a lead finger, and the first copper
wire maybehwleadfingadsioftioe teatdingstrd0hay T denddingemmeyab ecataienevedh, tha icHiay
material.

decrease bonding reliability. For example, when wire bonding to a Cu bond pad, the Cu bond

pad oxidizes readily to form a layer of oxide on the bond pad surface. The oxide layer prevents

effective bonding between the wire and the Cu bond pad.

[0007] From the foregoing discussion, it is desirable to improve the performance of wire

bond, such as SSB process for copper wire bonding and copper wire bonding through OSP

surface.

SUMMARY
[0008] According to an aspect of the present invention, there is provided semiconductor
package including a first substrate; a first semiconductor chip attached to the first substrate,
wherein at least one of the first substrate and the first semiconductor chip has an OSP material
coated on at least a portion of one surface; and a first copper wire that is wire bonded through the
OSP material to the at least one of the first substrate and the first semiconductor chip.
[0009] The first substrate may include a lead finger, and the first copper wire may be wire
bonded to the lead finger.
[0010] The lead finger may be coated with the OSP material.
[0011] The lead finger may include at least one of copper, aluminum, and silver.
[0012] The first semiconductor chip may include a bond pad, and the first copper wire may

be wire bonded to the bond pad.



[0011]The lead finger may include at least one of copper, aluminum, and silver. [0012]The first
semiconductor chip may include a bond pad, and the first copper wire may be wire bonded to the bond
pad. [0013]The bond pad may be coated with the OSP material. [0014]The bond pad may include at
least one of copper, aluminum, and silver. [0015]The semiconductor package may further include a
second semiconductor chip attached to the first substrate or to the first semiconductor chip, wherein at

least ong @B firsthebstidisaanshins:saariAemMiroodrateiahap. has the OSP material coated on at
least a portion of one surface; and a second copper wire that is wire bonded through the OSP material

to the at [eastipne ahhtheditshatlpsdteicchiod theeasiosmoosenppenauaianemarl0Qiuesr he first

semiconductor chip and the second conductor chip may be disposed on opposite sides of the first

substratg0{18] 7] ThEnsgbhitonIHicior packagenmpyuindiandaledesecerdanmhisdhstiets biaping the OSP
material coated on at least a portion of one surface; and a third copper wire that is wire bonded

through t#rex€hedPtondieefiadtatitke diesdsubiedissteemieandiicgerobighe ivstis ubfisstemno theofigh the
OSP material of the second substrate to a lead finger of the second substrate, wherein the lead finger

comprisesiisdtierimnk ofaopissicontudcor ahih sigene[0GF8)THeriat comdcomdulast alpprtivaydfe

stacked on the first semiconductor chip.
one surface; and a second copper wire that is wire bonded through the OSP material to the at
least one of the first substrate and the second semiconductor chip.
[0016] The first semiconductor chip and the second conductor chip may be disposed on
opposite sides of the first substrate.
[0017] The semiconductor package may further include a second substrate having the OSP
material coated on at least a portion of one surface; and a third copper wire that is wire bonded
through the OSP material of the first substrate to a lead finger of the first substrate and through
the OSP material of the second substrate to a lead finger of the second substrate, wherein the
lead finger comprises at least one of copper, aluminum, and silver.
[0018] The second conductor chip may be stacked on the first semiconductor chip.
[0019] The semiconductor package may further include a second substrate having the OSP
material coated on at least a portion of one surface; and a third copper wire that is wire bonded to
the second semiconductor chip and is wire bonded through the OSP material of the second
substrate to a lead finger of the second substrate, wherein the first semiconductor chip is
disposed on the first substrate and on the second substrate, and wherein the lead finger includes
at least one of copper, aluminum, and silver.
[0020] The semiconductor package may further include a third semiconductor chip, wherein
at least one of the first substrate and the third semiconductor chip has the OSP material coated on

at least a portion of one surface; and a third copper wire that is wire bonded through the OSP

material to the first substrate and the third semiconductor chip, wherein the third semiconductor

3



[0019]The semiconductor package may further include a second substrate having the OSP material
coated on at least a portion of one surface; and a third copper wire that is wire bonded to the second
semiconductor chip and is wire bonded through the OSP material of the second substrate to a lead
finger of the second substrate, wherein the first semiconductor chip is disposed on the first substrate
and on the second substrate, and wherein the lead finger includes at least one of copper, aluminum,

and silvegh{PP26thtRedseimivosdontPsdpaickagectonyHip thed thelside i thinti Gemicendirioisepkedherein
at least one of the first substrate and the third semiconductor chip has the OSP material coated on at

least a pertipie fifeRensiddagastanchipthird copper wire that is wire bonded through the OSP material to
the first substrate and the third semiconductor chip, wherein the third semiconductor chip is stacked on

the secofabggmicowiteiessHuipoancttos seaond renvtanckeehicaritipcidspackagt omdhgifirst
semiconductor chip. [0021]With respect to a cross-section view of the semiconductor package, the

third semyigaivbnciwtehipimmapeevidesrttian the seonddssritiedochaeiciiichapdahe séssecond
semiconductor chip may be wider than the first semiconductor chip. [0022]With respect to a

cross-sestinicuieiicdtiohisenicopduidtotvackagksstiefiisdisduoiopoldipctor chip may be wider than the
second semiconductor chip, and the second semiconductor chip may be wider than the third

semicongio@2af chipvi@i®aspebetsaricondertion pémkagehmsynfivsheudtarpdekaoge tfesfidsall Bond, Stitch
Bond, Ribbon Bond, Wedge Bond, and Copper Stud Bond where the copper wire is wire bonded to the
substratee 24t sehiponag betori gearakag ehmnsec duc semicohdieton ehif carhthBseubnGtitch Bond,

semiconductor chip may be wider than the third semiconductor chip.

[0023] The semiconductor package may further include one of a Ball Bond, Stitch Bond,

Ribbon Bond, Wedge Bond, and Copper Stud Bond where the copper wire is wire bonded to the

substrate.

[0024] The semiconductor package may further include one of a Ball Bond, Stitch Bond,

Ribbon Bond, Wedge Bond, and Copper Stud Bond where the copper wire is wire bonded to the

semiconductor chip.

[0025] According to an aspect, there is provided a method for constructing a semiconductor

package, the method including: (a) wire bonding one end of a copper wire to a substrate through

an OSP material that is coated on the substrate; and (b) wire bonding an opposite end of the

copper wire to a semiconductor chip.

[0026] The substrate may include a lead finger; (a) may include wire bonding the copper

wire through the OSP material to connect the lead finger to the semiconductor chip; and the lead

finger may include at least one of copper, aluminum, and silver.

[0027] The lead finger may be coated with the OSP material.

[0028] The first semiconductor chip may include a bond pad; (b) may include wire bonding

the copper wire to the bond pad; and the bond pad may include at least one of copper, aluminum,

and silver.



Ribbon Bond, Wedge Bond, and Copper Stud Bond where the copper wire is wire bonded to the
semiconductor chip. [0025]According to an aspect, there is provided a method for constructing a
semiconductor package, the method including: (a) wire bonding one end of a copper wire to a
substrate through an OSP material that is coated on the substrate; and (b) wire bonding an opposite
end of the copper wire to a semiconductor chip. [0026]The substrate may include a lead finger; (a)

may inclyog2ejre bandipgnthpacanpge bevisatbdaviah ted3Bhmatgtial to connect the lead finger to the
semiconductor chip; and the lead finger may include at least one of copper, aluminum, and silver.

[0027]Thpteall fingarrtheyrdesceptatyititie RFRingasesiaf {¢02BE0MN fEatdeRuAaNRiLon Bupanay
include a bond pad; (b) may include wire bonding the copper wire to the bond pad; and the bond pad
may inclytedgt IBaat oanel @ agrpStudiBaridwm tnsissvere. [0029]The bond pad may be coated with the

OSP material. [0030]Furthermore, (a) may include forming one of a Ball Bond, Stitch Bond, Ribbon
Bond, Wgie Bondyditidhalhpgb Bl Badderfahrisglséatea Ball Bond, Stitch Bond, Ribbon
Bond, Wedge Bond, and Copper Stud Bond on the semiconductor chip.
[0032] According to another aspect, a method of forming a device comprises providing first
and second contact regions of the device. A ball bump is formed on the first contact region. The
ball bump is smoothened to form a flat top surface. A first of a wire is bonded to the second
contact region while the second end of the wire is bonded to the top surface of the ball bump.
[0033] These and other objects, along with advantages and features of the present invention
herein disclosed, will become apparent through reference to the following description and the
accompanying drawings. Furthermore, it is to be understood that the features of the various

embodiments described herein are not mutually exclusive and can exist in various combinations

and permutations.

BRIEF DESCRIPTION OF THE DRAWINGS
[0034] In the drawings, like reference characters generally refer to the same parts throughout
the different views. Also, the drawings are not necessarily to scale, emphasis instead generally
being placed upon illustrating the principles of the invention. In the following description,
various embodiments of the present invention are described with reference to the following
drawings, in which:
[0035] Fig. 1 illustrates a semiconductor package according to an exemplary embodiment of
the present invention;

[0036] Fig. 2 is an isometric view of the semiconductor package of Fig. 1;



[0031]Additionally, (b) may include forming one of a Ball Bond, Stitch Bond, Ribbon Bond, Wedge
Bond, and Copper Stud Bond on the semiconductor chip. [0032]According to another aspect, a
method of forming a device comprises providing first and second contact regions of the device. A ball
bump is formed on the first contact region. The ball bump is smoothened to form a flat top surface. A
first of a wire is bonded to the second contact region while the second end of the wire is bonded to the

top surfapmefthe bEly Biman [BOF8lfibesacorhadificohiketdr auragritt aulyrntagesoand features of

the present invention herein disclosed, will become apparent through reference to the following

descriptiereansidiyecateiinpan\inthemadagsnientiagrmore, it is to be understood that the features of
the various embodiments described herein are not mutually exclusive and can exist in various

combinafiggsiand pegmutAtistige SRIEhi EJnGEckIRBERA Odc dorting RAMNDHNE 2100 the drawings,
like reference characters generally refer to the same parts throughout the different views. Also, the

drawingsarisodinhaeasfasarpsesersdaleneonyhasis instead generally being placed upon illustrating the
principles of the invention. In the following description, various embodiments of the present invention

are descfig3dwith Fefeteikattatthe teliisondubtarpagkage sdtsiing@saifotel diestpidas a
semiconductor package according to an exemplary embodiment of the present invention; [0036]Fig. 2
is an isorrabidiview of the pestcoinductianpackage of Fig. 1,
[0040] Fig. 6 illustrates a semiconductor package according to another exemplary
embodiment of the present invention;
[0041] Fig. 7a illustrates a semiconductor package according to another exemplary
embodiment of the present invention, and Fig. 7b illustrates copper wires which are wire bonded
to lead fingers of the substrate of the semiconductor package of Fig. 7a;
[0042] Fig. 8 illustrates a semiconductor package according to another exemplary
embodiment of the present invention;
[0043] Fig. 9 illustrates a semiconductor package according to another exemplary
embodiment of the present invention;
[0044] Figs. 10a and 10b show alternate views of a copper Stud Bump and Stitch On Stud
Bump on OSP coated lead fingers of an OSP substrate;
[0045] Figs. 11a and 11b show alternate views of a copper Stitch Bond on OSP coated lead
fingers of an OSP substrate;
[0046] Figs. 12a and 12b show alternate views of a copper Stud Bump and Stitch On Stud
Bump on OSP coated pads of a semiconductor chip;
[0047] Figs. 13a and 13b show alternate views of a copper Ball Bond on OSP coated lead
fingers of an OSP substrate;

[0048] Figs. 14a and 14b show alternate views of a copper Ball Bond on OSP coated pads of

a semiconductor chip;



[0037]Fig. 3 is an isometric view of a semiconductor package according to another exemplary
embodiment of the present invention; [0038]Fig. 4 illustrates a semiconductor package according to
another exemplary embodiment of the present invention; [0039]Fig. 5 illustrates a semiconductor
package according to another exemplary embodiment of the present invention; [0040]Fig. 6 illustrates
a semiconductor package according to another exemplary embodiment of the present invention;

[0041]FigoF4oijlustieigs esaemicoBISsia Peshracs e SingduBiatkeStexBniplaoneniogment of the
present invention, and Fig. 7b illustrates copper wires which are wire bonded to lead fingers of the

substrate gdttiensatieds df atesrpirekidgeraf dhigy; 7a; [0042]Fig. 8 illustrates a semiconductor package
according to another exemplary embodiment of the present invention;
[0050] Figs. 16 and 16b show a copper Ball Bond on OSP coated bond pads as well as on
OSP coated lead fingers;
[0051] Fig. 17 shows a method of constructing a semiconductor package according to an
exemplary embodiment of the present invention;
[0052] Figs. 18a-d show an embodiment of a process for bonding first and second contact
regions;
[0053] Fig. 19 shows an embodiment of a capillary for bonding;
[0054] Figs. 20a-c illustrate an embodiment of a bump formation process;
[0055] Fig. 21 shows an embodiment of an EFO sub-system;
[0056] Fig. 22a shows bump pull comparison data for stand off stitch bonds formed on
aluminum contact regions with forming gas and without forming gas purge;
[0057] Fig. 22b shows ball shear comparison data for stand off stitch bonds formed on
aluminum contact regions with forming gas and without forming gas purge;
[0058] Fig. 23 shows ball shear and stitch pull comparison data for stand off stitch bonds

formed on OSP coated contact regions; and

[0059] Fig. 24 shows results of various types of reliability tests performed on test samples.

DETAILED DESCRIPTION
[0060] Embodiments generally relate to semiconductor packages. For example, the
packages have contact regions which are bonded by wire bonding. In some embodiments, at
least one of the contact regions comprises copper and is coated with an Organic Solderability
Preservative (OSP) material. The contact regions can be bonded with a copper wire. Such

semiconductor packages are widely used in electronic devices. For example, the electronic
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[0043]Fig. 9 illustrates a semiconductor package according to another exemplary embodiment of the
present invention; [0044]Figs. 10a and 10b show alternate views of a copper Stud Bump and Stitch On
Stud Bump on OSP coated lead fingers of an OSP substrate; [0045]Figs. 1 la and 1 Ib show alternate
views of a copper Stitch Bond on OSP coated lead fingers of an OSP substrate; [0046]Figs. 12a and
12b show alternate views of a copper Stud Bump and Stitch On Stud Bump on OSP coated pads of a

semicondegiedsahip bEORRFlbig slel RasandréBosrpmraiteasda visne@Hba aappebRatdaodiag OSP

coated lead fingers of an OSP substrate; [0048]Figs. 14a and 14b show alternate views of a copper

Ball Bondeuic@SH Iepateitaogie dicaperatednatectonsitigr products, such as consumer electronic
products. Incorporated the devices in other types of products is also useful.
[0061] Fig. 1 illustrates a semiconductor package according to an exemplary embodiment of
the present invention.
[0062] As shown in Fig. 1 the semiconductor package according to an exemplary
embodiment includes bond pads 1, copper wires 2, lead fingers 3, adhesive material 4, a
semiconductor chip 5, and an OSP substrate 6.
[0063] The adhesive material 4 is used to provide adhesion between the semiconductor chip
5 and the OSP substrate 6.
[0064] The OSP substrate 6 is coated in an OSP material, and the copper wire 2 is wire
bonded through the OSP material to a lead finger 3 of the OSP substrate 6. The substrate may be
a lead frame material (e.g., Alloy 42, Cu7025, Olin 0194, and other copper alloys), PCB,
substrate core material (e.g., BT832, Hitachi E679, Nanya NPG-150), glass panel or ceramic
material. The OSP coating on the substrate 6 may be over the entire surface, partially over the
surface or on the lead fingers 3. The lead finger 3 or bond pad 1 may comprise copper,
aluminum, silver, or other conductive materials. The copper wire 2 is also wire bonded to the
bond pad 1 of the semiconductor chip 5, and the bond pad 1 may be coated in the OSP material.
[0065] Fig. 2 is an isometric view of the semiconductor package of Fig. 1. As shown in Fig.
2, the copper wire bonding is able to provide an electrical connection for the semiconductor chip
5 with bond pads 1 located at the center or peripheral of the die. The length of copper wires 2 can
be varied accordingly with respect to the location of the bond fingers 3 on the OSP substrate 6.
[0066] Fig. 3 is an isometric view of a semiconductor package according to another
exemplary embodiment. As shown in Fig. 3, the semiconductor package may include a second

semiconductor chip 7 stacked vertically with semiconductor chip 5. The second semiconductor
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[0049]Figs. 15a and 15b show a copper Single Stud and Stack Stud Bump on the OSP coated bond
pads of a semiconductor chip; [0050]Figs. 16 and 16b show a copper Ball Bond on OSP coated bond
pads as well as on OSP coated lead fingers; [0051]Fig. 17 shows a method of constructing a
semiconductor package according to an exemplary embodiment of the present invention; [0052]Figs.
18a-d show an embodiment of a process for bonding first and second contact regions; [0053]Fig. 19

shows agrgprpadiaenalisyesmitat/parstondogeQVR4 idagingdasyitles Uat cvtriembodimarsof a bump

formation process; [0055]Fig. 21 shows an embodiment of an EFO sub-system;
between the bond pads 1 of the second semiconductor chip 7 and the bond pads 1 of the
semiconductor chip 5. Copper wire bonding also provides an electrical connection between the
bond pads 1 of the second semiconductor chip 7 and the lead fingers 3 of the OSP substrate 6.
The bond pads 1 of the semiconductor chip 5 and/or the second semiconductor chip 7 may be
coated in the OSP material.
[0067] Fig. 4 illustrates a semiconductor package according to another exemplary
embodiment. As shown in Fig. 4, the semiconductor package may include a third semiconductor
chip 8 stacked vertically with the second semiconductor chip 7 and the first semiconductor chip
5. Similar to the semiconductor chip 5 and the second semiconductor chip 7, the third
semiconductor chip 8 has a plurality of bond pads 1. Copper wire bonding provides an electrical
connection between the bond pads 1 of the third semiconductor chip 8 and the bond pads 1 of
each of the semiconductor chip 5 and the second semiconductor chip 7. Copper wire bonding
also provides an electrical connection between the bond pads 1 of the third semiconductor chip 8
and the lead fingers 3 of the OSP substrate 6. The bond pads 1 of the semiconductor chip 5, the
second semiconductor chip 7 and/or the third semiconductor chip 8 may be coated in the OSP
material.
[0068] Fig. 5 illustrates a semiconductor package according to another exemplary
embodiment. As shown in Fig. 5, the second semiconductor chip 7 may be stacked vertically on
the semiconductor chip 5. Also, the second semiconductor chip 7 and the semiconductor chip 5
may have approximately the same width with respect to a cross section view of the
semiconductor package. The bond pads 1 of the semiconductor chip 5 and/or the second
semiconductor chip 7 may be coated in the OSP material.
[0069] Fig. 6 illustrates a semiconductor package according to another exemplary

embodiment. As shown in Fig. 6, the second semiconductor chip 7 and the semiconductor chip 5
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[0056]Fig. 22a shows bump pull comparison data for stand off stitch bonds formed on aluminum
contact regions with forming gas and without forming gas purge; [0057]Fig. 22b shows ball shear
comparison data for stand off stitch bonds formed on aluminum contact regions with forming gas and
without forming gas purge; [0058]Fig. 23 shows ball shear and stitch pull comparison data for stand off
stitch bonds formed on OSP coated contact regions; and [0059]Fig. 24 shows results of various types

of reliabilifgyiestdippsietoabppokiat §88EH ISP RES OREHBEKINIOO 6 @fERodiments

generally relate to semiconductor packages. For example, the packages have contact regions which

are bondgghiondeioponips. dndseniceeavbadiseriitdnalteastiipa aidheconiast iregioTseomprises
copper and is coated with an Organic Solderability Preservative (OSP) material. The contact regions

can be banggthivith a copper wire. Such semiconductor packages are widely used in electronic
devices. For example, the electronic devices can be memory devices, wireless communication
devices, @oa0jomobile Toiistingesiessoide e pecageadoontipgraiaddtier expsiplagy products, such

as consumer electronic products. Incorporated the devices in other types of products is also useful.
embodiment. As shown in Fig. 7a, the semiconductor package may include a second OSP
substrate 9 which is coated in the OSP material. The OSP coating on the second substrate 9 may
be over the entire surface, partially over the surface or on lead fingers 3. The semiconductor
chip 5 is arranged so that a bottom surface thereof is disposed on both the OSP substrate 6 and
the second OSP substrate 9. Thus, a portion of the bottom surface of the semiconductor chip 5 is
exposed. This exposed portion includes a plurality of bond pads 1 which are wire bonded to lead
fingers 3 of the OSP substrate 6 and the second OSP substrate 9, as shown in Fig. 7b. The
second semiconductor chip 7 is arranged on the semiconductor chip 5. The bond pads 1 of the
semiconductor chip 5 and/or the second semiconductor chip 7 may be coated in the OSP
material. The first OSP substrate 6 and second OSP substrate 9 may be an integral structure
separated by an aperture which exposes the portion of the bottom surface of the semiconductor
chip 5.
[0071] Fig. 8 illustrates a semiconductor package according to another exemplary
embodiment. As shown in Fig. 8, the semiconductor chip 5, the second semiconductor chip 7,
and the third semiconductor chip 8 may be stacked vertically with descending widths
approaching the OSP substrate 6. The bond pads 1 of the semiconductor chip 5, the second
semiconductor chip 7 and/or the third semiconductor chip 8 may be coated in the OSP material.
[0072] Fig. 9 illustrates a semiconductor package according to another exemplary
embodiment. As shown in Fig. 9, the semiconductor chip 5 and the second semiconductor chip 7

are disposed on opposite sides of the OSP substrate 6. Also, the third semiconductor chip 8 may

be disposed on the second OSP substrate 9. Copper wire bonding may electrically connect lead
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[0061]Fig. 1 illustrates a semiconductor package according to an exemplary embodiment of the
present invention. [0062]As shown in Fig. 1 the semiconductor package according to an exemplary
embodiment includes bond pads 1, copper wires 2, lead fingers 3, adhesive material 4, a
semiconductor chip 5, and an OSP substrate 6. [0063]The adhesive material 4 is used to provide
adhesion between the semiconductor chip 5 and the OSP substrate 6. [0064]The OSP substrate 6 is

coated irfiagerIHbMmptansk ansktiae Earehyisedns OSr Lnster thraugihdhe EAAP Nefteral to a lead
finger 3 of the OSP substrate 6. The substrate may be a lead frame material (e.g., Alloy 42, Cu7025,

Olin 0194eansddbetoeenipes, alekstoRCRnsidbstiaR cotith Matrried (eaahiB8adcdhidactrchifPs Nanya
NPG-150), glass panel or ceramic material. The OSP coating on the substrate 6 may be over the

entire sufageheparitativiouer 08P suatadelor on the lead fingers 3. The lead finger 3 or bond pad 1 may
comprise copper, aluminum, silver, or other conductive materials. The copper wire 2 is also wire

bonded tpo7e]bond-prd1Dabthitusearonnibustboedivy Toasiiioho sk paghérmai e aagtedisih the OSP
material. [0065]Fig. 2 is an isometric view of the semiconductor package of Fig. 1. As shown in Fig. 2,
the coppesatiiig. bonding is able to provide an electrical connection for the semiconductor chip 5 with
bond pads 1 located at the center or peripheral of the die. The length of copper wires 2 can be varied

accordinfd@mith redpigst 10dhaddtntshvwldhe inaditngesaoppiresSQS Bwupsindistici06SkhW . 3 is
an isometric view of a semiconductor package according to another exemplary embodiment. As shown

in Fig. 3,BoenpexmiOSRdecied perckEiggenay incdke salsstenad semiconductor chip 7 stacked vertically
with semiconductor chip 5. The second semiconductor
[0075] Figs. 11a and 11b show alternate views of a copper Stitch Bond on OSP coated lead
fingers of an OSP substrate.
[0076] Figs. 12a and 12b show alternate views of a copper Stud Bump and Stitch On Stud
Bump on an OSP coated bond pads of a semiconductor chip.
[0077] Figs. 13a and 13b show alternate views of a copper Ball Bond on OSP coated lead
fingers of an OSP substrate.
[0078] Figs. 14a and 14b show alternate views of a copper Ball Bond on OSP coated bond
pads of a semiconductor chip.
[0079] Figs. 15a and 15b show a copper Single Stud and Stack Stud Bump on the OSP
coated bond pads of a semiconductor chip.
[0080] Figs. 16a and 16b show a copper Ball Bond on OSP coated bond pads as well as on
OSP coated lead fingers.
[0081] Fig. 17 shows a method of constructing a semiconductor package according to an
exemplary embodiment. In operation S10, a copper wire 2 is wire bonded to the lead finger 3 of
the OSP substrate 6 through the OSP material which is coated on the OSP substrate 6. In
operation S20, the copper wire 2 is wire bonded to the bond pad 1 of the semiconductor chip 5.

[0082] Referring back to Figs. 1 to 9, some embodiments of the invention disclose applying

the Stand off Stitch on ball Bonding (SSB) process for copper wire bonding, for example,
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chip 7 has a plurality of bond pads 1. Copper wire bonding provides an electrical connection between
the bond pads 1 of the second semiconductor chip 7 and the bond pads 1 of the semiconductor chip 5.
Copper wire bonding also provides an electrical connection between the bond pads 1 of the second
semiconductor chip 7 and the lead fingers 3 of the OSP substrate 6. The bond pads 1 of the
semiconductor chip 5 and/or the second semiconductor chip 7 may be coated in the OSP material.

[0067]Figrefnibeisiateni coranvieeedictod patkraataetarsing donanoihiasaekagep|anicrsiBogiotesy. As
shown in Fig. 4, the semiconductor package may include a third semiconductor chip 8 stacked

verticallyfafitoppersgirendsdinycandisiarecippliddirtotherfish Remicetnl yeiskagbip 4. pévidas i the

semiconductor chip 5 and the second semiconductor chip 7, the third semiconductor chip 8 has a

plurality ¢ithetndqRdach. £ papleigedrmtlanitiga providesmiteleationthipiaastidrdeivependioe dnpd
pads 1 of the third semiconductor chip 8 and the bond pads 1 of each of the semiconductor chip 5 and

the secoodrmeraisamidaatiicedighps; opeesiwiepbending alsonire ik dtoalactibstraenmection between
the bond pads 1 of the third semiconductor chip 8 and the lead fingers 3 of the OSP substrate 6. The
bond padsriicdritiecsamiipnductor chip 5, the second semiconductor chip 7 and/or the third
semiconductor chip 8 may be coated in the OSP material. [0068]Fig. 5 illustrates a semiconductor

package [@080dingRiysir@thdrshaarplanbedipedirobabréseshiBddnfor tige botikingecand e3sEonductor
chip 7 may be stacked vertically on the semiconductor chip 5. Also, the second semiconductor chip 7
and the seoheendiietor ctiprzmoayuhatratappeopaciaigdy Te shenfonasdtimplthisetfzebbtotatbeoss section
view of the semiconductor package. The bond pads 1 of the semiconductor chip 5 and/or the second
semiconduisstraiehi |V arimayteeh oiepesd sucthas @5 & onateithle V@ GatHIg. étnifllostsd tesatt sxbntheatiel tetor
package according to another exemplary embodiment. As shown in Fig. 6, the second semiconductor
chip 7 antidkbebstatecoAdyltovrs HipsSaad very tk cdisjaois g ion s fiosiie 36deseqirthada® P substrate 6.
The bond pads 1 of the semiconductor chip 5 and/or the second semiconductor chip 7 may be coated
in the O3B08teriaDO@T thEiegranilissirataded sartiie packerjespizstkedaegevhile dndiothdo ragimhéy
exemplary

provided on the die. In one embodiment, the first contact region 340 is disposed on the substrate

332 and the second contact region 360 is disposed on the die 334. The first contact region, for

example, is a substrate lead finger while the second contact region is a die bond pad. Other types

of contact regions are also useful. Alternatively, the first contact region is disposed on the die

and the second contact region is disposed on the substrate. As shown, the first contact region is

disposed below the second contact region. This may be due to the fact that the die is attached to

the substrate. Other arrangements, such as having the contact region on the substrate disposed

below the contact region on the die or having the contact regions being coplanar, are also useful.

[0085] The contact regions are coupled by a wire bond. In one embodiment, the contact

regions comprise copper. In one embodiment, at least one of the contact regions comprises

copper coated with OSP. For example, the contact region on the substrate comprises copper

coated with OSP while the second contact region on the die comprises aluminum without OSP

coating. Providing both contact regions comprising copper coated with OSP may also be useful.

In one embodiment, the contact regions are coupled by a copper wire bond. Other configurations

or combination of contact region materials, coatings and conductive wires may also be useful.
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embodiment. As shown in Fig. 7a, the semiconductor package may include a second OSP substrate 9
which is coated in the OSP material. The OSP coating on the second substrate 9 may be over the

entire surface, partially over the surface or on lead fingers 3. The semiconductor chip 5 is arranged so
that a bottom surface thereof is disposed on both the OSP substrate 6 and the second OSP substrate
9. Thus, a portion of the bottom surface of the semiconductor chip 5 is exposed. This exposed portion

includes apdafality wikanshgingsislpetfimaderyiravirerndeditg leatl fMgeddrd bbitam B sukistiee 6 and

the second OSP substrate 9, as shown in Fig. 7b. The second semiconductor chip 7 is arranged on
the semigapitiepf@7chirughneHicnd aadiidtiob iersersicontuaiod CRieferably/ ahtheirecom@rises

semiconductor chip 7 may be coated in the OSP material. The first OSP substrate 6 and second OSP

substrategppray Oehantypegsatstitaitive separatedsy dsfaperienyhinbtekpasgpibirioasien of the
bottom surface of the semiconductor chip 5. [0071]Fig. 8 illustrates a semiconductor package

accordinghtvenpthetrexarofiailitataiodiimenthAsaphivan carfie . tBndigtaeanegrttde stor shimmride
second semiconductor chip 7, and the third semiconductor chip 8 may be stacked vertically with

descending plisidsfahpeaitirng el @StRestHagisgier penthieu ool thagsaheodtiie: sevitn Rieeidingip 5,
the second semiconductor chip 7 and/or the third semiconductor chip 8 may be coated in the OSP

material.stage Rlfich faHsibtatts aaboeibotiuciprpickiiogn aceastgdratianathesretaaddarypillary
embodiment. As shown in Fig. 9, the semiconductor chip 5 and the second semiconductor chip 7 are
disposechnt dppesiteatidesedfithe OSP substrate 6. Also, the third semiconductor chip 8 may be
disposed on the second OSP substrate 9. Copper wire bonding may electrically connect lead fingers 3
of the O$608UpstraRefR@ing thd-gpd@ada@Siscibsirodd 92008 Farndghatithd tiy tfetseroichueduetor chip
5, the second semiconductor chip 7 and/or the third semiconductor chip 8 may be coated in the OSP
material 0@ 7R]steys30D- 16 chestnatve diarentialvoppendpald mibonatears foe tpmbehasopploravigh 5
coating. [0074]Figs. 10a and 10b show alternate views of a copper Stud Bump and Stitch On Stud
Bump orc@ffiBctivatiedl l|fad diageyie ofaarb Ofomdisgrate | 00 VEFRigs. difléER@) Lik.sRomnaltegaate views
of a copper Stitch Bond on OSP coated lead fingers of an OSP substrate.

provided to the EFO unit during formation of the copper ball on the tip of the copper wire. The

forming gas, in one embodiment, comprises about 95% nitrogen and 5% hydrogen. Other

techniques for forming the conductive ball are also useful.

[0088] The capillary positions the conductive wire with the conductive ball on the first

contact region at step 304 to form a ball bump thereon. The capillary forms a ball bump of the

desired dimensions. The desired dimensions of the ball bump may depend, for example, on the

size and pitch of the contact regions and the thickness of the conductive wire. The desired

dimensions may be achieved with the appropriate capillary design, as will later be described. In

one embodiment, the capillary forms the ball bump by applying bond pressure (BP) and

ultrasonic energy (USG) for a processing time (T) to form a ball bump 326b on the first contact

region at step 304. The process parameters should form a ball bump is which sufficiently

bonded to the copper contact region. In one embodiment, the process parameters should form a

ball bump which penetrates the OSP coating of the copper contact region as well as being

sufficiently bonded to the copper. These parameters may depend, for example, on the
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[0076]Figs. 12a and 12b show alternate views of a copper Stud Bump and Stitch On Stud Bump on an
OSP coated bond pads of a semiconductor chip. [0077]Figs. 13a and 13b show alternate views of a
copper Ball Bond on OSP coated lead fingers of an OSP substrate. [0078]Figs. 14a and 14b show
alternate views of a copper Ball Bond on OSP coated bond pads of a semiconductor chip. [0079]Figs.
15a and 15b show a copper Single Stud and Stack Stud Bump on the OSP coated bond pads of a

semicondunteiihipaldQpirasatidaoninee 6o shevpaicoppehiaitdend piy@SRepeieddondeads as

well as on OSP coated lead fingers. [0081]Fig. 17 shows a method of constructing a semiconductor
packagefaecesiliegdioptivagoasiplary embodiment. In operation S10, a copper wire 2 is wire bonded to
the lead finger 3 of the OSP substrate 6 through the OSP material which is coated on the OSP

sEbstSrate[Gi)ggl] opepasisto®AGn thig cCrgpeno\dspilds Mire loade i yhiedpo ik pirct Eoptdbersgioricanductor

e step 306. This causes the wire to separate from the ball bump, leaving the ball bump remaining
on the first contact region. In one embodiment, the ball bump is formed with a flat or planar
surface. The flat surface, in one embodiment, is devoid of a tail. In one embodiment, the ball
bump is formed with a flat surface which is about coplanar with the plane of the first contact
region. In other embodiments, the flat surface is formed at an angle to the plane of the first
contact region. The planar surface increases surface bonding area which has been found to
improve the pull strength of the wire bonded thereto.
[0090] In Fig. 18c, after the capillary has been separated from the ball bump, another
conductive ball 327a is formed at the tip of the wire at step 308. The capillary positions the
conductive ball, at step 310, on the second contact region to form a ball bond 327b.
[0091] The capillary is repositioned at step 310 to the first contact region without separating
the wire from the ball bond at the second contact region, as shown in Fig. 18d. In one
embodiment, the path of the capillary from the second contact region to the first contact region
forms a loop in the wire. This process, for example, can be referred to as “looping”. The path of
the capillary is selected to produce the desired loop shape and height. At the first contact region,
the capillary forms a stitch bond on the ball bump 327a. After the stitch bond is formed, the
capillary separates the copper wire from the stitch bond, completing the wire bond between the
first and second contact regions.
[0092] In a device, there are generally a plurality of first and second contact regions which
are coupled by wire bonding. The process, as described, repeats until all first and second contact

regions are coupled.
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[0082]Referring back to Figs. 1 to 9, some embodiments of the invention disclose applying the Stand
off Stitch on ball Bonding (SSB) process for copper wire bonding, for example, between a
semiconductor chip and a substrate of a semiconductor package. This SSB process for copper wire
bonding can also be applied in other semiconductor packages, as previously introduced, such as
packages including a second semiconductor chip, a third semiconductor chip or more semiconductor
chips, wijeoeB copmee whepe and wiieimoniedf thdhrisbosiadepand seraidensdyeiciabinge QPBHEMIS.
18a-d show an embodiment of a process 300 for wire bonding a device 330, such as a die to a carrier
or substraéeigi. amgckagrovihencimbodimenmgia, tip atachadipitheyssistraie ddplikug fehniques, such
as tape or an adhesive can be employed to attach the die to the substrate. As shown, first and second
contact regiatjse34nandfdGRedrt amay istesm0 0%t Oe Titlee g@ionmigiaidadoming prckage
substrate while the other region is provided on the die. In one embodiment, the first contact region 340
is disposegpidhaithevsidhstsateushane Hrogrooss oaltaalisefgionm3tsiiisatispdsescapitheydieadds. The
first contact region, for example, is a substrate lead finger while the second contact region is a die
bond padtr@igieniypiested boniralsrgidit avethl st ugefapeAlig enatively|dhd s seamrtatthegion is
disposed on the die and the second contact region is disposed on the substrate. As shown, the first
contact regpiliary disposss bélole 40¢ seoogit whittastoegioctivEnid rmtireadied. tT heehtdehibpbthe die is
attached to the substrate. Other arrangements, such as having the contact region on the substrate
disposedthhetometha astacthiediofarekaendle, t frvingdhgicimjant egidngibeinhgretptangr, Otaelso
useful. [0085]The contact regions are coupled by a wire bond. In one embodiment, the contact regions
comprisecoofigenationsrog thaboldimenilst lEassefoe dhthkote sitaatd dgiomsicientosesaropednieaated
with OSP. For example, the contact region on the substrate comprises copper coated with OSP while
the seconondantaet wégiohnaonthertiedboeyitehalasdoemmedhire @SR oaatewyirerevetiing doth contact
regions comprising copper coated with OSP may also be useful. In one embodiment, the contact
regions amppeuywiee dfyaboco Prgemwine diamakt@thAccomfiguaimnstioercirat icattutidicomtecisralgomn
materials, coatings and conductive wires may also be useful. [0086]Wire bonding is performed by a
wire bondgefutool. The wire bonding tool includes a capillary 370 through which a conductive wire 325
is threaded. Preferably, the wire comprises copper. Other types of conductive wires are also useful. A
clamp (nfa0g4gwn) potirdistomrobirestihaivireld s tHheittteed obtamfahegdapibati ceof e thateslated
along the x-y axis along the plane of the device as well as the z-axis perpendicular to the plane of the
device. Rreatd$ran anstats avigied stafsiaéZ3thehddvotionm ahthe-anrglelBedtioncor aspontsitatiahavhifer
translatable capillary and device is also useful. [0087]Referring to Fig. 18a, a conductive ball 326a is
formed atidreetgy 62thetatmithactingde of the surface corresponds to a cone angle 425 of the capillary.

The chamfer diameter and cone angle are internal dimensions of the capillary which are designed
to produce a ball bump or ball bond with the desired shape.

[0095] The external dimensions of the capillary, on the other hand, influence the shape of the
stitch bond. For example, an outer radius of the tip 431, face angle 432 and tip diameter 409 are
selected to produce the desired stitch shape.

[0096] Fig. 20a-c show a process 2000 for smoothing the ball bump 326b to form a flat top
or landing surface 327 on the ball bump. The process as depicted by Fig. 20a-c occurs after Step
304 of Fig. 18a. Referring to Fig. 20a, a capillary 370 is lowered onto a contact region 2030. In
a preferred embodiment, the capillary is lowered in a direction a, which is perpendicular to the

contact region. Lowering of the capillary depresses the conductive ball at the tip of the
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wire at step 302. In one embodiment, a copper ball is formed at the tip of the copper wire. The
conductive ball, for example, can be formed by an electric flame off (EFO) unit. Forming gas is
provided to the EFO unit during formation of the copper ball on the tip of the copper wire. The forming
gas, in one embodiment, comprises about 95% nitrogen and 5% hydrogen. Other techniques for
forming the conductive ball are also useful. [0088]The capillary positions the conductive wire with the
conductiygrimitiore e dissisconiagiriegiv b P g sitg tie feyndwehiad i ndefhrede e domelwaRilaaliforms
a ball bump of the desired dimensions. The desired dimensions of the ball bump may depend, for
examplet@fotheasieeiracimish ohtheusanBasaregiphsl a0 ththeothickmeswirt the conductive wire. The
desired dimensions may be achieved with the appropriate capillary design, as will later be described.
In one erfgavdimeninthgy caphl|anefdonaitiethatdusmphagdnty the denddsesseréBR)i Hag Wtrasonic
energy (USG) for a processing time (T) to form a ball bump 326b on the first contact region at step
304. Therpisededn pasambisiisreinoule aipillarpad hisepdkmdrictisdtimentinicanspdrperibiwapper
contact region. In one embodiment, the process parameters should form a ball bump which penetrates
the OSPtheling: of the comnperregiactiagiapi HarweH ascusimgdinitintethnisende thte s roppsfr. These
parameters may depend, for example, on the dimensions and configuration of the die bond pad and
substrateteadpiiggrs diyhehaboattaltrethidirtesiréatapplicahan Huip8 I bestewherleithel 8b, the
capillary is relocated away from the first contact region at step 306. This causes the wire to separate
from the hatihympfdeaisrgdhe tal bapilfangvaiisad tora thesfirsh equihed ebguinhérhigrespiatohent,
the ball bump is formed with a flat or planar surface. The flat surface, in one embodiment, is devoid of
a tail. In dwel@ingdionact. the ball bump is formed with a flat surface which is about coplanar with the
plane of the first contact region. In other embodiments, the flat surface is formed at an angle to the
plane of {oedéist coAtaat tregrapillBheiplaitad sottacaesicye pssisisurfacettaosidied anessvhediaas been
found to improve the pull strength of the wire bonded thereto. [0090]In Fig. 18c, after the capillary has
been sepmrateth Separtie thalt dndugtj\enwilefroonithedialeduabip3 Ara e minedi ratthehegcapiayise at
step 308. The capillary positions the conductive ball, at step 310, on the second contact region to form
a ball botdr3Ratéd j00B ] 2he ssapithdirestiepe sitray &t @ie9idd Ofttheheaflrsticpntécbnegion without
separating the wire from the ball bond at the second contact region, as shown in Fig. 18d. In one
embodineamtpthmgrdtheffile axpdtaonfrdirethieo seaerup positact iregimmiadhesditist balhtaonhpegion forms a
loop in the wire. This process, for example, can be referred to as "looping”. The path of the capillary is
selected ol paiedi Oy e ik ldo nsirepsrdned ieigih tha dtres tiost afdrdasiategi dronthetoalbislacyoksrms a
stitch bond on the ball bump 327a. After the stitch bond is formed, the capillary separates the copper
wire fronottadostittie hanting smfdeding theecanitech crgildne th@erxdhwp fastharndEdannid tansadeddiisins.
[0092]In a device, there are generally a plurality of first and second contact regions which are coupled
by wire bbadidgeTiheprutessrses dewss e |aepegidatk afl thestamdcteegind ot dtdieeiting. ahe
coupled.

one embodiment, the capillary is translated once each in the first direction and in the opposite or

second direction across the landing surface of the contact region. Translating the capillary more
than once in one or both directions is also useful. In other embodiments, the capillary may be
translated in different or non-opposite directions. The translation process separates the ball
bump 326b from the conductive wire and forms a planar surface 327, as shown in Fig. 20c. For
applications where the flat surface is angled, the capillary is translated along the same angle as
the flat surface.

[0099] Fig. 21 shows an embodiment of an EFO unit 2100. The EFO unit comprises a

forming chamber 2160 having an opening 2162 to enable positioning of a capillary therein as
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[0093]The shape and dimensions of the ball bump depend on, at least partially, the capillary design.
Fig. 19 shows an embodiment of a tip 471 of a capillary 370. The capillary, for example, can be formed
from a ceramic material. Other type of materials for forming the capillary which can sustain the EFO
process is also useful. A body 471 of the capillary may be straight (indicated by the dotted line) with
the tip tapering at an angle. The center of the capillary comprises a hole 421 through which a

conductiv@:WHepastiigangdthtbegholgadyrhengatiamieel atdrars dbihtnigydoirmxempana fadiitate
guiding the conductive therethrough. Other configurations of the hole may also be useful. The hole

should begsfticient to accommodate a conductive wire. In one embodiment, the hole accommodates a
conductive wire, such as a copper wire of about 0.8 mm in diameter. Accommodating other sized

conductiye10des is misperaeiti, §0094]A¢ the katifptaf ie tie therajecinshamiEredothimgiteing the

bottom of the hole creates an internal angled surface 423. The bottom of the angle surface

correspojrisnoetnpbaimiart diempied 24edintiaghenbirglevifithesaudace proves pxivisitn afabee angle
425 of the capillary. The chamfer diameter and cone angle are internal dimensions of the capillary
which aredieisigivachtdl phatiudk lselfathimenapthe tiplbb theccayiitidiyeid esirarahapehad®065] Tierexternal
dimensions of the capillary, on the other hand, influence the shape of the stitch bond. For example, an
outer racdushofiithertiptds lorfaie) aagleodiprissschiiprdipmeteridgare selectetntsopiodnteatie desired
stitch shape. [0096]Fig. 20a-c show a process 2000 for smoothing the ball bump 326b to form a flat
top or larfdingrepgtaadRrises dhethaitbhyapodenapdehess 866l ajiiogsh by folg dRpadaatingsgaier Step
304 of Fig. 18a. Referring to Fig. 20a, a capillary 370 is lowered onto a contact region 2030. In a
preferredadtilotidinmpente by esipfi laygirisy vk difrogedi e aiber gowb aditisperpendpauenttoidhéscontact
region. Lowering of the capillary depresses the conductive ball at the tip of the conductive wire 325.
The processgudf depressing the conductive ball deforms the conductive ball to form a desired shaped
ball bump 326a coupled to the conductive wire. [0097]In Fig. 20b, after forming the ball bump having
the desirfil 8bppe, e capillary is pastdndd onaefoboiigneheimties, eeitthl by dsndusadealdraisa direction b
which is perpendicular to the plane of the contact region. The capillary, in one embodiment, is raised
SO that adxtdtwiet difetrond il lipy Grakgnenbabon ttee tBEQesulirng disdhagesf dispdoklatthengnd otiileecase
where the landing surface is angled, the capillary is raised to a position equal to about the highest
point of tbenkrotivey suefagtending beyond the capillary. The spark melts the exposed portion of the

conductive wire to form a conductive ball at the tip of the capillary. Once the conductive ball is
formed, the capillary, for example, passes through the forming chamber and is positioned on the
contact region to form the ball bump.

[0102] In accordance with one embodiment, the EFO unit does not include a forming gas
dispensing unit. That is, the conductive ball is formed and bonded to the contact region without
a forming gas dispensing unit. In conventional bonding processes, bonding the conductive ball
on the contact region requires a forming gas dispensing unit. A forming gas dispensing unit, for
example, comprises a near vertical tube (NVT) which is disposed near the contact region to
provide forming gas over the formed conductive ball bump to prevent oxidation. Oxidation can
reduce bond performance and reliability. For example, oxidation of the ball bump may affect the
bonding strength of the stitch bond to the ball bump in a SSB process. However, in accordance

with one embodiment, good bond performance and reliability can be achieved without the need
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[0098]After the capillary is raised to the desired position, it is translated across the ball bump to
separate the conductive wire from the ball bump. In one embodiment, the capillary is translated in first
and second directions away from one side of the ball bump. In one embodiment, the first and second
directions are opposing directions across the ball bump, as indicated by arrows ¢ and d. In one
embodiment, the direction of translation from c to d is across or along the landing surface of the
contact regine féraiiey gariesphieignilary Avbiangjatechbesttin heea doiestie yas dispyeshroundroas the
landing surface of the contact region in the d direction. In one embodiment, the capillary is translated
once eadhsiithesiEhgirectionastisrifiingpgpasiteienseaanchslisestiotiaaetansrthdtianding surface of
the contact region. Translating the capillary more than once in one or both directions is also useful. In
other emjgadgnentsEts: ciapeiiary may be translated in different or non-opposite directions. The
translation process separates the ball bump 326b from the conductive wire and forms a planar surface
327, as 0oo4] in Fign20@chnteapplisaiipidactdtesn thst stahpledaaeiin)dngladdtreaapitangds translated
along the same angle as the flat surface. [0099]Fig. 21 shows an embodiment of an EFO unit 2100.
The EFGagigreaomsise $y idretiogdsharnbeir& o themviegi @niopsning ad tehtiofiegabtmpsitinging of a
capillary therein as well as passing therethrough. The forming chamber includes forming gas inlet
2165 andlammbif. sthececdhdcddoOitgiopesatidie baddpahgogasisingjeciedhunto the fQthoopmramber.
The forming gas, in one embodiment, comprises a reducing ambient which serves to prevent oxidation
of the conditeasuedabfbtithe wiltdotatimgdratébe tithefl Gle capavyire ihe d@min¢Cihaopper. Wirene
embodiment, the forming gas comprises hydrogen and nitrogen. In one embodiment, the forming gas
comprisefsoat &t ke By Suffre nfanehdladwio®pés witkigenupiaividithg setamuiogngs wifivotizh a ball
percentages of hydrogen and nitrogen or other compositions of components is also useful. [0101]The
capillary immebsitide ¢iokiothize dnds g uiedrtoeheVitht tuniaohchgitivevitire ssitektbonkkdrbesidbdntipe tip.
Once in position, the EFO source discharges a spark at the end of the conductive wire extending
beyond tfeegcagtdapfTdtrchtamkd) el rthboexpased pmetfomadtt el o a dvaxivie Wilteator ierboadeonductive
ball at the tip of the capillary. Once the conductive ball is formed, the capillary, for example, passes
through thélferappaerharndrer @odHE {1048i013Z Coprine capitbcy regn iktditbn&iSe fifall Thewpir¢0102]In
accordance with one embodiment, the EFO unit does not include a forming gas dispensing unit. That
is, the carmuacpineedsalbmsfloyae dratie keshasadtedhescontadorigiateseiibedtaFarsni8a-gas dispensing
unit. In conventional bonding processes, bonding the conductive ball on the contact region requires a
forming d8$08ikpendihg hatitbunfponitig fast despacisegamiy, iomedamibl @, ftairsyizees J odamvértcal
tube (NVT) which is disposed near the contact region to provide forming gas over the formed
conductivel balitb arfipt teu fieeeetiteadplidlion i Ormaticry eate ddl da mpn dl pe foontincg atidmeliability. For
example, oxidation of the ball bump may affect the bonding strength of the stitch bond to the ball bump
in a SSBipvobessnbidngther capidlacy rtavssdiwitiakb herepiovdira ente dmod Boddhearfrentioicd aasd
reliability can be achieved without the need of the forming gas dispensing unit. Avoiding the need to
have a fohning ayasddispdadifay &gt 2. résalfintsatvnfgssirsasatas, dbforingngpg éssappliediedhte costs
associated therewith.

ball bump using a NVT. The NVT dispenses the forming gas on the ball bump. The forming

gas comprises 95% N, and 5% H,. In a second set of test samples, no forming gas is supplied to
the ball bump by the NVT.

[0106] Stitch pull and bond shear tests were performed on ball bonds and stand-off stitch
bonds formed on the contact regions of the first and second sets of test samples. The testing is
performed using a Dage 4000 bond tester from Dage Holdings Limited.

[0107] Fig. 22a shows the bump pull strengths of the stand-off stitch bonds with forming gas
and without forming gas. As can be seen from Fig. 22a, the average pull strength of the stand-

off stitch bonds with the forming gas ranges from 5.63 to 7.12 gram force with an average of
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[0103]Experiment 1 [0104]An experiment was conducted on test samples having first and second
contact regions coupled by wire bonds. The first contact region is a substrate lead finger comprising
aluminum. The second contact region is a die bond pad comprising aluminum. An ICU copper wire is
used for the wire bonding process. The ICU copper wire is a 0.8mm ICU copper wire from Kulicke &
Soffa. An end of copper wire is coupled to the second contact region with a ball bond while the other

end is cogipegrignths dir she@rachroman Wik satpaantremyhadfabentat@l ®ifsined bbhattch bond).
Wire bonding was performed using a Maxum Ultra wire bonder with a Copper Kit and

CU-FC-1R#RcbBBih&iepiising ecapitiayel aonksilicke 8. SofianT igoyivdthancpspersst 8oplgiked forcthe test

samples is similar to that described in Figs. 18a-d. [0105]The ball bump on the first contact region is

formed vl ARt sizfaze Hepderimdiretealbndthdadletas tintafeniing gapdasy tiemalyedrayentadall
bump. The smoothing action involves moving the capillary across the ball bump toward direction ¢ and

then diresigaitidaaysihgytvancedeser hisshder HigheSianthoff titselontitashedinplesntotrégipbgas is
supplied to the ball bump using a NVT. The NVT dispenses the forming gas on the ball bump. The

forming gasogdmprisés 92BshRvanick 34l IR dnsaraethndftat ofdesioshstipir Hondsoriifgrgasgg)as
supplied to the ball bump by the NVT. [0106]Stitch pull and bond shear tests were performed on ball

bonds armhétanbeatffstiteind gagisAsaeteseshdroanfigt P2g|ahs afehagdibaliahdassoendtselfstiod test
samples. The testing is performed using a Dage 4000 bond tester from Dage Holdings Limited.

[0107]Figtad@iroshstivehtberiols mitipthk Strenigidn g asf g et druginatf Sl ch Dongd g raithféecowighgas and
without forming gas. As can be seen from Fig. 22a, the average pull strength of the standoff stitch
bonds wishetagdaffat geomanafges. fithe &v63ade pull3tyeaghfofabestdnarothatiteh daid$ Bizhgarthéorce
and CPK of 2.94. The average pull strength of the stand-off stitch bonds without the forming gas
ranges friammng2)te GudRgfeom BB woth7a8i7ayranader of WidLagraverbyeefartob6 Braraffarbe. Hemae, it
can be concluded that the forming gas over the ball bump does not significantly improve the bond
strength af theostastdndfivittittie besudt 2o fhbefivatrpopuédese grenfo@1idg | fag o22btsb bals ibmp abbeshear
strengths of the stand-off stitch bonds with forming gas

not significantly improve the bond shear strength of the ball bump and the stand-off stitch bond

at the first contact region.

[0109] Embodiments of the invention also relate to coupling a first contact region to a

second contact region using copper wire, where the first and/or second contact region is coated

with an OSP material. The process of coupling the two contact regions using the copper wire is

similar to that as shown and described above for Figs. 18a-d. One of the regions is provided on

the package substrate while the other region is provided on the die. As shown, the first contact

region 340 is disposed on the substrate 332 and the second contact region 360 is disposed on the

die 334. The first contact region may be a copper lead finger coated with OSP (not shown) while

the second contact region may be an aluminum die bond pad. Other types of contact regions

such as aluminum, silver or other conductive materials, with or without the OSP, are also useful.

The substrate may have OSP coated on the second contact region or on the entire substrate

surface including the second contact region.

[0110] Referring to Fig. 18a, a conductive ball 326a is formed at the tip of the conductive

wire at step 302. In one embodiment, a copper ball is formed at the tip of the copper wire. The
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and without forming gas. As can be seen from Fig. 22b, the average ball shear strength of the
stand-off stitch bonds with the forming gas ranges from 24.86 to 27.79 gram force with an average of
26.26 gram force. The average pull strength of the stand-off stitch bonds without the forming gas
ranges from 23.97 to 27.87 gram force with an average of 25.55 gram force. Hence, as is consistent
with the results of the bump pull test, the forming gas over the ball bump does not significantly improve

the bondcehngactpitengthrof drengié hiampeNodnibe isjediteRittsiitchame il EHE) finsk cami@eciaruigN.

[0109]Embodiments of the invention also relate to coupling a first contact region to a second contact

region usipgtiaiRaae virgiusties evineingt the dmicseaos dapoviatirogPrdated dird suitheirdgoR anaterial.
The process of coupling the two contact regions using the copper wire is similar to that as shown and

describest@h80£ tofdrios dfppet. LAaNe whpwdrgionTfie poppitathivnihs pafdtane subsigatesbie the
other region is provided on the die. As shown, the first contact region 340 is disposed on the substrate

332 and g:secoodtoansdfitstegicncd oéh isrdispefaed pockeidtptdIde dibpsfuishwnnterigre@®), nhay be a
copper lead finger coated with OSP (not shown) while the second contact region may be an aluminum

die bondagapilldBthefitdy frrndictirtacppegsisosngh aadyrilionglisittRhecelitd aesiowivendaterials,
with or without the OSP, are also useful. The substrate may have OSP coated on the second contact

region ordesctitee fdir &igulotr ede2Stittacedrcitlingutfecsesoind coppachatidiomp0110]Referring to Fig.
18a, a conductive ball 326a is formed at the tip of the conductive wire at step 302. In one embodiment,
a copper[balllip formedsiadwreitiFigt theh abppapiNing. it nelocated wetiye foa, thay vsaouplacceyioa formed
by an electric flame off (EFO) unit. The capillary positions the conductive wire with the conductive ball
on the OSieh@ided Hisstaispicht egoto atsieqe3ddrationopmaamiEblraf, beaamghie reoninihg @opper ball
bump is formed through the OSP layer and onto the first contact region. Before proceeding to the
steps shaverfimstieionta&(yithre Cetya lfdatysafee fof hig goibyee cbgib b u ival haynte , hdzeg alongt directions ¢
and d as shown and described for Fig. 20a to 20c to create a flat surface on the copper ball bump.
[0111]Asasbtmro tineFigrid@iiathe capillary is relocated away from the first contact region at step 306.
This causes the wire to separate from the copper ball bump, leaving it remaining on the first contact
region. Tioe I}t surfackigf 18e, afeperetmipitlanyrhasdedresbpaiatuntftarn atieacopper®ah buenbparsthenl.
[0112]In Fig. 18c, after the capillary has been separated from the copper ball bump, another

conductiverierit fBrBals Joraecraintee A tipeonire astapsEiB30deerilipiNapepdiaisiitheonductive
ball, at step 310, on the second contact region to form a ball bond 327b. [0113]The capillary is
repositiopeguat stemal tettpesiGiernnnss e ai o AkoLs isRRaIATa ball bond 327b.
[0113] The capillary is repositioned at step 310 to the first contact region without separating
the wire from the ball bond at the second contact region, as shown in Fig. 18d. At the first
contact region, the capillary forms a stitch bond on the ball bump 327a. After the stitch bond is
formed, the capillary separates the copper wire from the stitch bond, completing the wire bond
between the first and second contact regions.
[0114] Experiment 2
[0115] Another experiment was conducted on two test samples Unit 1 and Unit 2. The test
samples comprise Fine-Pitch Ball Grid Array (FBGA) with die size 10x10.5mm semiconductor
packages. The first contact region is a copper lead finger provided on the substrate and is coated

with OSP. The second contact region is an aluminum bond pad provided on the die without OSP

coating. A copper wire is used for the wire bonding process. The copper wire is a 24.um AFW-
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the wire from the ball bond at the second contact region, as shown in Fig. 18d. At the first contact
region, the capillary forms a stitch bond on the ball bump 327a. After the stitch bond is formed, the
capillary separates the copper wire from the stitch bond, completing the wire bond between the first
and second contact regions. [0114]Experiment 2 [0115]Another experiment was conducted on two
test samples Unit 1 and Unit 2. The test samples comprise Fine-Pitch Ball Grid Array (FBGA) with die
size 10x16 9 rupmre Wicondueial Reekagssifd hpviirsbepoiag wegienfis accoRpey eRrtingayprpvided on
the substrate and is coated with OSP. The second contact region is an aluminum bond pad provided
on the dig/indthond<PHRco @it e oG CUIEBS103e BT theiNdrg fomdingipke @ Soffehe copper wire is
a 24.um AFW- ICU copper wire from Kulicke & Soffa. Wire bonding was performed using a Maxum
Ultra wirgdaasgler withecgsinasr dlildenthetbiiriizd iR adeniliaty dnambufitke &idoffanidg ek he
capillary guides the copper wire into a forming chamber filled with forming gas where an EFO
electrodevsipeslsh EfF ©qlesestipepacks ahtbxeposgpportivie ¢t ttieectppet thirecapiiagptofftratapiiepper ball.
The forming gas comprises 95% N2 and 5% H2. The capillary then exits the forming chamber and the
copper ballftyhoweopgdobadintaiok therladgas atediirsiscasiant ragl@yd¢formha dxpil kuyrthe ot
forming the ball bump, the capillary is moved over the ball bump to create a flat surface. The
smoothingefetinting ¢hhmbemandripdioeppapitiaiyid doverchdl ke ctioract theddBeratitetfivst doagashown and
described for Fig. 20b (i.e., double smoothing). The capillary then moves the copper wire toward the
second aegtasttocigion albathbusapneUpen ferm mg omelbativee ibp) | tse foapikahjrismeofieuinegr chebaber and
lowered to form a ball bond on the second contact region. The copper wire is subsequently looped
from the bhatponctetthef ke carfdceonTaectsregotniigwwetidriievidlsts ondeicty dg eapidl doyrroavatitch bond on
the ball bump. Both tests samples Unit 1 and Unit 2 were formed using the same process. [0117]The
test sampiexctibnitcland thendi 2 vtiere destsitbtonraed deser thedrfoo Rty p20toineg ive bisiag @ hagy . 4000
bond tester obtained from Dage Holdings Limited. Fig. 23 shows the results of the testing. In particular,
bump pulltiesEpiilarg ttenducted e topdastviredaenatticsatiant cegtactsefimneXartia satierbammer pull
tests on the first contact measured the shear strength of the bump ball (Ball Shear Test on Bump); the
bump pudl testhictiviheatds doheontatie égimmmelssubed dhe Isineaedtosfogih obilidbad dotits (Ball
Shear Test on Ball). Additionally, stitch pull tests were conducted on the stitch bond on the ball bump
in the firsecontexintagioagloj 1 T ghmwri rmi & syb2a) ubrtisieopge Bheaihstbaldibnofahidsdcboads for
Unit 1 ranges from 25.40 to 28.70 gram force with an average of 26.68 gram force. The average shear
strength odriteettaljibonasdiat e Btreoyes fregio2440rto 2 gtichdramd torteewith bumgyeBagle to§125.98
gram force. The average shear strength of the stand-off stitch bonds for Unit 1 ranges from

samples Unit 1 and Unit 2 were formed using the same process.

[0117] The test samples Unit 1 and Unit 2 were tested to measure their bond performance
using a Dage 4000 bond tester obtained from Dage Holdings Limited. Fig. 23 shows the results
of the testing. In particular, bump pull tests were conducted on the first and second contact
regions. For example, the bump pull tests on the first contact measured the shear strength of the
bump ball (Ball Shear Test on Bump); the bump pull tests on the second contact region measured
the shear strength of the ball bonds (Ball Shear Test on Ball). Additionally, stitch pull tests were
conducted on the stitch bond on the ball bump in the first contact regions.

[0118] As shown in Fig. 23, the average shear strength of the ball bonds for Unit 1 ranges
from 25.40 to 28.70 gram force with an average of 26.68 gram force. The average shear strength
of the ball bonds for Unit 2 ranges from 24.40 to 27.50 gram force with an average of 25.98

gram force. The average shear strength of the stand-off stitch bonds for Unit 1 ranges from
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21.50 to 45.80 gram force with an average of 41.35 gram force. The average shear strength of the
stand-off stitch bonds for Unit 2 ranges from 35.70 to 46.70 gram force with an average of 44.04 gram
force. The average stitch pull strength of the stand-off stitch bonds for Unit 1 ranges from 18.40 to
19.70 gram force with an average of 18.93 gram force. The average pull strength of the stand-off stitch
bonds for Unit 2 ranges from 17.50 to 19.60 gram force with an average of 18.62 gram force.
[0119]Typicst speasifoajiansithiREEndeiauinie @ DepdhgachForRg TR evehayurshadrigretdtiAefis

clearly shown, the ball shear strengths obtained are higher than the specification of 17 gram force. The

stitch pulireteengthsiabiainsonacrhighst thandbefenadbcatinuel70 giam foreewlthabalsitrsopbtained

are also within the specified ranges as can be seen from Fig. 23. [0120]Fig. 24 shows results of

various typee! griastngomiaivkagd dtndhdullerddgistofensensitivily dtitvrliesidfuolvar theumpskages
undergoing MSL 3 test at 30C, 60% Room Humidity for 192 hours, and then reflowed 3 times at 260C.

Out of 15blatssicesionridyeiarfpaekaghsnavyrdgets idled greridstcd hehbengparatpudl Syaling test
involves subjecting the packages through temperature cycles of -55C to 125C for 500 and 1000

cycles. Adfefidlvealaiffasiel tbedE¢onperitRranggsingiast50he HG0 dramferatwigtiStorage dgsof
involves storing the packages at a temperature of 150C for 500 hours and 1000 hours. All of the lots
passed the.éiigjaefoperature Storage test. [0121]Using Cu wire bonding on OSP permits elimination
of the process of Ni and Au coating required for Au wire bonding to achieve an acceptable electrical
connectifoibeiweerTipdcabspauificatidos (SMEah ddREminthy wiedondisgetytiuge SHERHsmBigedricted
to the coating of OSP on the substrate. The OSP can also be used to coat the bond pads located on
the semiganidetian gkipvihetiebpadlshwingtieagtbnobeinet af dbittheratisnathd HEBFitatoglofQT yhises.
Also, the coating of the OSP on the substrate may be formed on the lead fingers or over the partial or
entire suftace oftibatiubginttstreftR2{Btained mtehighetatiangtevetedéicatomoti gvine bacdinghas
compared to Au wire bonding. This results in lower electrical resistance and lower heat generation.
This alschaelsareseb tiiadiardialgoalidhiithaspbdéedt eapgetastande {8 PBT0opae2Gaterials have
better conductivity as compared to gold materials, thereby increasing device power rating and
improvinf0package Figabdissipatiesuiho excel e hpesaif dessmpiotJaltsl acte isticZanher®astutiee |C
from overheating during electrical testing and stress environment testing.

Sensitivity Level test involves the packages undergoing MSL 3 test at 30°C, 60% Room

Humidity for 192 hours, and then reflowed 3 times at 260°C. Out of 150 lots of semiconductor
packages, only 2 lots failed the test. The Temperature Cycling test involves subjecting the
packages through temperature cycles of -55°C to 125°C for 500 and 1000 cycles. All of the lots
passed the Temperature Cycling test. The High Temperature Storage test involves storing the
packages at a temperature of 150°C for 500 hours and 1000 hours. All of the lots passed the
High Temperature Storage test.

[0121] Using Cu wire bonding on OSP permits elimination of the process of Ni and Au
coating required for Au wire bonding to achieve an acceptable electrical connection between the
semiconductor chip and PCB. Cu wire bonding through OSP is not restricted to the coating of
OSP on the substrate. The OSP can also be used to coat the bond pads located on the
semiconductor chip, thereby allowing the connection of bond pads and PCB through Cu wires.
Also, the coating of the OSP on the substrate may be formed on the lead fingers or over the

partial or entire surface of the substrate.
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[0124]A copper wire exhibits superior manufacturability characteristics, such as higher tensile strength
and elongation as compared to gold wire, resulting in improved neck strength, improved wire sagging
and wire sweep performance, excellent wire loop profile and stability for long wires during package
encapsulation. It provides an excellent alternative for fine pitch package application. The fine pitch
refers to the close proximity between 2 adjacent wires when the 2 bonding pads located on the

semicongqiorzo] chipSisavrertelanetiflieneotatbesuie o CLOWIRe Bpading hetoeparéddjacenirond
pads). [0125]The SSB process traditionally requires forming gas to be passed over the ball bump

using a rssdiesTiceditdesudien folsdoeredicn thsistaaahddgiosr ieargeasaasitdating aéshe bump
which is thought to affect the bond strength of the stitch bond that is to be bonded to the ball bump.

The inveahbep s\ heshontiBigeltitbiling thatdbadopwingrgascen the ball bump does not significantly
improve bond strength. Advantageously, this can lead to savings in costs associated with the forming

gas from[g1e3iear veojgrl twacsr [ 26)/E e @S Bondatiig tyey esrmsasdt analdidrtianalayere s the chip
bond pads (formed of copper, aluminum, silver, etc.) or the substrate. Furthermore, where copper (Cu)

wire is bametessiogGleiongavants atimgradadriiprovang metaltie systeissiphtéss. bEhisreselitlerithes compared
to inter-metallic systems such as gold wire bonded to Al bond pads. However, conventional methods
of directlgiksipating theraoepistisvisd tordhenObie | Sulifadeohah dstipepihleins drethdatdhestiig ahorcrasry not
effectively bond through the OSP to the bond pads or lead fingers. The invention therefore ameliorates
this probkswvirtoyienidiergitige copper wire to the OSP surface using SSB and/or the smoothing feature.
It will be appreciated that this may also be applicable for non-OSP coated surfaces to result in effective
bonding [i1p4] coppkceppe tovireexhitases oek b iaaufactmtabil ipah drectenibicieslioh agtagisgecific
forms without departing from the spirit or essential characteristics thereof. The foregoing
embodinmemdde gienejtrandredogat aroasoenpared &l gekpeots egattimvie iathenvidtametknstreggtie
invention described herein. Scope of the invention is thus indicated by the appended claims, rather
than by thmepionegbivigedagginutian] wind sl edpapayés tieatcepexealtihinvine | oopaurofil @actirstalidi tyf for
equivalency of the claims are intended to be embraced therein.

long wires during package encapsulation. It provides an excellent alternative for fine pitch

package application. The fine pitch refers to the close proximity between 2 adjacent wires when

the 2 bonding pads located on the semiconductor chip are very close to one another (e.g., 10 pm

spacing between 2 adjacent bond pads).

[0125] The SSB process traditionally requires forming gas to be passed over the ball bump

using a near vertical tube after it is formed on the contact region to prevent oxidation of the

bump which is thought to affect the bond strength of the stitch bond that is to be bonded to the

ball bump. The inventors have surprisingly found that the forming gas on the ball bump does not

significantly improve bond strength. Advantageously, this can lead to savings in costs associated

with the forming gas from the near vertical tube.

[0126] The OSP coating serves as an anti-oxidation layer over the chip bond pads (formed

of copper, aluminum, silver, etc.) or the substrate. Furthermore, where copper (Cu) wire is

bonded to Cu bond pads, owing to its monometallic system, offers better reliability as compared

to inter-metallic systems such as gold wire bonded to Al bond pads. However, conventional

methods of directly bonding the copper wire to the OSP surface has its problems in that the wire
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What is claimed is: CLAIMS 1. A method of forming a device comprising: providing first and
second contact regions of the device, wherein the first contact region comprises copper coated with an
OSP material; forming a ball bump on the first contact region, wherein forming the ball bump
comprises threading a wire through a capillary of a bonding tool, wherein a tip of the wire is disposed
beyond a tip of the capillary, disposing the capillary in a forming chamber with a forming gas, and

forming aeRarkay ibectfamiagdy ifermrtighaltmsmenistn pidbherviees, Srgesthmgethedralbhump to

form a flat top surface on the ball bump that is devoid of a tail, wherein smoothing the ball bump

comprisafdafatngnibRcratellais pioh ke babmding e heh fesimantachseysmspraceasing $sBorm a ball
bump which penetrates the OSP material and is sufficiently bonded to the first contact region,

translatingdier eapstacptiniy featuheedtionl Bvwaappieoistad that tisnmyedidottangiptioghibdaramiansm a
second direction back across the ball bump to form the flat top surface, wherein the translations are

along the.sastesarfglesas tasultahffiroer: honding ef finstcapgderfiifre witrdeuifecsecond contact region;
and bonding a second end of the wire to the top surface of the ball bump.

[0127] The invention may be embodied in other specific forms without departing from the

spirit or essential characteristics thereof. The foregoing embodiments, therefore, are to be

considered in all respects illustrative rather than limiting the invention described herein. Scope of

the invention is thus indicated by the appended claims, rather than by the foregoing description,

and all changes that come within the meaning and range of equivalency of the claims are

intended to be embraced therein.

24



2. The method of claim 1 wherein the device comprises a semiconductor package comprising: a
substrate; a die attached to the substrate; and wherein the first contact region comprises a lead
finger disposed on the substrate and the second contact region comprises a die bond pad on the die.
3. The method of claim 2 wherein dispensing of forming gas on the ball bump on the first contact
region is avoided. 4. The method of claim 2 wherein the wire comprises copper. 5. The method of
claim 3 viiigsein Enenvgdgacomprises copper. 6. The method of claim 4 wherein dispensing of forming
gas on the ball bump on the first contact region is avoided. 7. The method of claim 1 wherein the wire
comprises copper. 8. The method of claim 7 wh@eKisispensing of forming gas on the ball bump on
the first contact region is avoided. 9. The method of claim 1 wherein dispensing of forming gas on the
ball bump on the first contact region is avoided.

1. A method of forming a device comprising:
providing first and second contact regions of the device, wherein the first contact region
comprises copper coated with an OSP material;
forming a ball bump on the first contact region, wherein forming the ball bump comprises
threading a wire through a capillary of a bonding tool, wherein a tip of the wire is
disposed beyond a tip of the capillary,
disposing the capillary in a forming chamber with a forming gas, and
forming a spark in the chamber to form the ball bump on the tip of the wire,
smoothing the ball bump to form a flat top surface on the ball bump that is devoid of a
tail, wherein smoothing the ball bump comprises
locating the capillary with the ball bump on the first contact region,
processing to form a ball bump which penetrates the OSP material and is
sufficiently bonded to the first contact region,
translating the capillary in a first direction away from the ball bump, and
translating the capillary in a second direction back across the ball bump to form
the flat top surface, wherein the translations are along the same angle as the flat
surface;
bonding a first end of the wire to the second contact region; and

bonding a second end of the wire to the top surface of the ball bump.

2. The method of claim 1 wherein the device comprises a semiconductor package

comprising:
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10.The method of claim 9 wherein the wire comprises copper. 11. A method of forming a device
comprising: providing first and second contact regions of the device, wherein the first contact
region comprises copper coated with an OSP material; forming a wire ball bump on the first contact
region; smoothing the ball bump in a lateral direction to form a flat top surface on the ball bump
that is devoid of a tail, wherein smoothing the ball bump comprises processing to form the ball bump
which penetratessthgta&P material and is sufficiently bonded to the first contact region; bonding a first
end of a wire to the second contact region; bonding a second end of the wire to the top surface of the
ball bump, and a digvieisddispensibgratdorning gas on the ball bump on the first contact region is
avoided during bonding of the first and second contact regions. 12. The method of claim 11 wherein
the wire comprisgseappes {ikd.chhacnathion ebeigined A Wheripdaimipgahebal busp.comarises.
threading a wire through a capillary of a bonding tool, wherein a tip of the wire is disposed beyond a tip
of the cagillany contact region comprises a die bond pad on the die.

3. The method of claim 2 wherein dispensing of forming gas on the ball bump on the first

contact region is avoided.

4. The method of claim 2 wherein the wire comprises copper.
5. The method of claim 3 wherein the wire comprises copper.
6. The method of claim 4 wherein dispensing of forming gas on the ball bump on the first

contact region is avoided.

7. The method of claim 1 wherein the wire comprises copper.

8. The method of claim 7 wherein dispensing of forming gas on the ball bump on the first

contact region is avoided.

0. The method of claim 1 wherein dispensing of forming gas on the ball bump on the first

contact region is avoided.

10. The method of claim 9 wherein the wire comprises copper.

26



disposing the capillary in a forming chamber with a forming gas; and forming a spark in the chamber to
form the ball bump on the tip of the wire. 14. The method of claim 11 wherein smoothing the ball bump
further comprises locating a capillary with the ball bump on the first contact region; translating the
capillary in a first lateral direction away from the ball bump, and translating the capillary in a second
lateral direction back across the ball bump to form the flat top surface. 15.The method of claim 11

wherein the flatAop&He@ee fisrpipediatiab egleiteng:plane of the first contact region.
providing first and second contact regions of the device, wherein the first contact region
comprises copper coated with an OSP material;
forming a wire ball bump on the first contact region;
smoothing the ball bump in a lateral direction to form a flat top surface on the ball bump
that is devoid of a tail, wherein smoothing the ball bump comprises
processing to form the ball bump which penetrates the OSP material and is
sufficiently bonded to the first contact region;
bonding a first end of a wire to the second contact region;
bonding a second end of the wire to the top surface of the ball bump; and
wherein dispensing of forming gas on the ball bump on the first contact region is avoided

during bonding of the first and second contact regions.

12. The method of claim 11 wherein the wire comprises copper.

13. The method of claim 11 wherein forming the ball bump comprises:

threading a wire through a capillary of a bonding tool, wherein a tip of the wire is
disposed beyond a tip of the capillary;

disposing the capillary in a forming chamber with a forming gas; and

forming a spark in the chamber to form the ball bump on the tip of the wire.

14. The method of claim 11 wherein smoothing the ball bump further comprises
locating a capillary with the ball bump on the first contact region;
translating the capillary in a first lateral direction away from the ball bump; and

translating the capillary in a second lateral direction back across the ball bump to form
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the flat top surface.

15. The method of claim 11 wherein the flat top surface is formed at an angle to a plane of

the first contact region.
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