METHOD AND APPARATUS FOR FORM NG BUMPS FOR SEM CONDUCTOR 5 | NTERCONNECTI ONS
USI NG A W RE BONDI NG MACHI NE Field of the Invention The invention pertains
to sem conductor electrical interconnection techniques. Mre particularly,
the invention pertains to the formation of bunps for sem conductor 10

I nt erconnections using a wire bondi ng machi ne. Background of the Invention
There are nunerous techniques in conmon usage for formng the electrical

i nt erconnecti ons between the bond pads of a sem conductor die and a | ead

frame or _other is substrate. One of the oldest and still npbst conmbn
t echni qUUET%OPOANQMBW@UWW@MNG&B&!W&@R@EU%QW@T% ng a
wkre bondi ng maSTERCONRNEGTIONSHSING A WIRE BONDBING MAGHINE hr ough the air

bet ween the di e bond pad and t he appropriate eI ectrl caI connectlon poi nt on
the substrate (e.g., a lead finger of a lead frane). Atypical wire bond is

made by, " ba#l bondi ng" one end of a gold wire to a bond pad 20 on the die

and t‘sé&liﬁ_ﬂ&ﬁﬂ@ﬂ%e other end of the wire to the lead frame. Mre

rachi ne. 10 1% INveRiioh Periaie B acsucamydtardartiel BIesrpriscieiiactney a??Qd' "

r ot r ugi fr.o theca llary b le), a,.wire 12 (commonl

Peces P paBMa ;e Buentr pedhis o e bir@edh <f b BY Semictndidlarne v r
ndi i ositioned above the 25 bond pad 16
thggﬁgg@ﬁ%ﬁ“ﬁ@ %ﬁ%@%ﬁfgfﬂgﬂgg@e& prevent the wire from novi ﬁg

relative to the capillary. The end of the wire protruding fromthe capillary
Is heated by neans of an electric spark, terned "electric flame-off', to

melt thg d & Inventi end of the wire inherently forns into a ball
20 wh ? fhe ntlm‘ews the condition of the ball bondi ng apparatus

at thi's poiTHerefar Wﬁnﬁér@ﬁgfféehmdué@/ h%dn'i‘rﬁoﬁ'@%’@é f&t fdriirtg MeeslesPichhat the

W re cannot pay out of the capillary or slid back within the capillary,
t he cantdrb@inectiéng betvissn nﬁmm@/ﬁ@&emi@@na@@tbr tiecarltbd leadGrame or other
15 substrate. One of the oldest and still most common techniques is to form a wire bond

between a die and its substrate using a wire bonding machine. The wire bonding
machine forms a wire through the air between the die bond pad and the appropriate
electrical connection point on the substrate (e.g., a lead finger of a lead frame).
A typical wire bond is made by "ball bonding” one end of a gold wire to a bond pad
20 on the die and "stitch bonding" the other end of the wire to the lead frame. More
particularly and referring specifically to Figure 1A, using a ball bonding machine 10 (of
which the Figures only show the capillary and the wire protruding from the capillary bore
hole), a wire 12 (commonly, but not necessarily gold) is passed through the bore of a
capillary 14 of the wire bonding machine 10. The capillary 14 is positioned above the
25 bond pad 16 of the die 18 with the clamps 19 closed to prevent the wire from moving
relative to the capillary. The end of the wire protruding from the capillary is heated by
means of an electric spark, termed “electric flame-off’, to melt the end of the wire. The
end of the wire inherently forms into a ball 20 when melted. Figure 1A shows the

condition of the ball bonding apparatus at this point of the process.



comes into contact wwth the bond pad 16 on the die and squeezes the ball
between the tip of the capillary and the bond pad. Heat and/or ultrasonic
energy are applied to the die 18 s to facilitate the ball 20 becom ng bonded
to the bond pad 16. This bond is commonly ternmed a ball bond or first bond.
Then the clanps 19 are opened. Figure 1 B shows the condition of the ball

bondi ng appaftaie cPatméebétfﬂl &85@& sﬁfthét*'tﬁe RYiRC&srhot Pag diidf Eﬂeaﬁ i%z'o? slig@en

rai sed above the first bond as shown in Figure 1 C’ Next l'ary 14
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stibst rtatfacilitate thepbalt B0 bleeomlmgabmderbtw\ﬁemqmbpad A6ofThisbod s commpnlys 14 and
the substrate 24, as shown in Eigure 1 D heat and/ or uItrasonlc

ener gytermag akalbbond egfitsh bpad, mh@attbe stmpmgmalﬁ% 0§@ﬁ9¢e§§ﬁde A& shaws tte t he
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and the wre out o lary after-the
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next fformn e next 'w re bond Is typically nade on
a bondymidpRstedshzpdl b‘tﬁﬂééﬁttﬁé flﬁﬁt%n@%cbha bond sifelst Qit the @.@cbﬁd BBAE sita J4he
substrate, such as illustrated in Figures 1A-1 E. Normally, i1t is

the capillary contacts the substrate 24 to pinch the wire 12 between the tip of the capillary
15 14 and the substrate 24, as shown in Figure 1D. Again, heat and/or ultrasonic energy
may be applied to facilitate bonding the compressed portion of the wire 12 to the substrate
24. This bond is commonly termed a stitch bond or second bond. At this point, the wire
has been pinched, but has not been fully cut. The capillary 14 then rises with the wire 12
still attached to the stitch bond and with the clamps still open such that additional wire
20 pays out of the capillary. The clamps 19 are then closed and the capillary 14 rises further
to snap the wire at the weakened point at the stitch bond as shown in Figure 1E. The
completed interconnection, indicated by reference numeral 23 in Figure 1E, is termed a
“wire loop”.
At this time, the capillary is moved to a position above the next bond pad on the die
25 and the wire that is sticking out of the tip of the capillary after the completion of the last
step is melted by electric flame-off to form the next ball for forming the next wire bond.

The ball bond is typically made on a bond pad on a semiconductor die and the
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| nadvi sabl e to nmake the stitch bond on the bond pad of the die because, in
order to make a stitch bond, the capillary tip essentially nust cone in
contact with the surface in and surrounding the second bond site. If the
capillary contacts the top of a die, it likely will 5 danage circuitry on
the die. On the other hand, the capillary typically can conme in contact

with t cﬁs%gﬁari@hﬁad@ 6&‘&1&sHijlaesWd?@,'ﬁj&\%ﬂﬂ@sﬁé}&d%ﬁddréﬂﬂ?’@ Wrﬂn‘é&Wii fs not

harm t he strate. Nevertheless, It Is sonetines desirable to nake a
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bond pad of a die to a | ead el enent, one needs 10 to interconnect a bond

pad onastitchddbend, the chpitidryoislessertiadly neust dome inesomitactivitty thdl surfazednand
bonding). In this situation, both ends of the wire | oop are on bond pads of
di es. sarromsdingitehsscarad berd aitéalflthécagillary cardactsdhe dopraka die,dt kkehyowili e wi re
| oop, one of the dies nust receive a stitch bond rather than a ball bond.
Aot hedamiagasircuitrywincthe die. @mtheethrrdiandbthe capillary typicallyraaineone osantaetd of
adieis 15 when a very lowprofile (i.e., thin) sem conductor die package

i s deswitbdhe sHbstrate withaul acoroblem singedbe capillaty picallyiwik npbbarm éhe| ose to
the ball bond, as can be seen fromFigure 1 E. The bond pad 16 on the top
surf acBUlstrattie die 18 is at a higher elevation than the substrate 24 because

packagi ng. sNEUSERORES. |t § SHRITES SREARtIE S0 Miake AaTigba oRE dihe Phe sbicage.
St t chSBURPTR WHeD: ARIEAd el el S AafEHRE LR AT S 5ol et o ey
P anaaltiniabomiest st dRfoR Sne SRR hind bag B e e (e Rbrel B ey o
O neuBAGKAACI AR SR BREBANfnd UANErd ookeldbalbantt s HEaHD! ©
e eSS usb MpdFodRing h{chidE @nalHRAR 0 e RIS HHL A the lestfine
shown tdteiedd shitch: boHd @thersthan £oaiphaeyf profile of a typical wire [oop 23,
the wire tends to sag to its | owest point 26 close to the stitch bond site
-3 Another situation where it may be desirable to stitch bond to a bond pad of a die is
15 when a very low-profile (i.e., thin) semiconductor die package is desired. This is because

the highest point of a wire loop is close to the ball bond, as can be seen from Figure 1E.

The bond pad 16 on the top surface of the die 18 is at a higher elevation than the

substrate 24 because the die 18 sits on top of the substrate. Accordingly, in low profile

packaging situations, in order to minimize the height of the entire package, it is sometime
20 desirable to make the ball bond on the lead frame and the stitch bond on the die

(hereinafter reverse bonding) so that the highest point of the wire near the ball bond is at

a lower elevation than in standard forward wire bonding techniques. Accordingly, the

overall height of the package can be lessened. However, it usually would not be possible

to form a stitch bond on a bond pad on a die for the reasons discussed above, namely, the
25 capillary might damage surrounding circuitry on the die when it contacts the die to form

the stitch bond. Even further, as shown in Figure 2, which is an enlarged profile of a

typical wire loop 23, the wire tends to sag to its lowest point 26 close to the stitch bond site
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22. If the stitch bond site is higher than the ball bond site, such as would
be the case in reverse bonding, the wire m ght contact the edge or the top
surface of the die or even other wires leading to electrical shorts or
breakage of the wire. Accordingly, techniques have been devel oped to
aneliorate this problem One 5 such technique is to forma bunp on top of

the bopsl pakk sfitchBord SiteriBhigthhR e bar bofd isité NsidNEs AduldPBe We B inbunp
so that the capillary tip contacts the top of the bunp rather than the die.
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| oop at a s&ceordinghs dechimiqueshbave been deyelopead do amajioratetthisiroblem.oOnehe bal |
| eaving just the ball bond on the bond pad. Specifically, the wire can be
séver esudhtechnpiqueiis tmtprirha buep on fepofiherbandepad anthe digcandthen formrtheng t he
ball bond, (2) closing the clanps, and _63) raisi ngi; the capillary further to
snap t$tichpead gnitop of thas bumpsso that the eapikans tiosentacts the toni qf thebumpgather

bodi ng, process c hen be perfornmed with 15 the first/ball bond, of the | oop
f or medth@h thﬁ@"%uﬁ@?&’éﬂf@m OIS, ofﬁﬁ/‘%ﬁq%% ‘{%ﬂﬂjh}?fsqrﬂ@ wire,8enqidg ned on
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not ‘copsiRek stlrclsy Of) raRAy e ddbRI) itk thaddABg bpkh aAter fdiniiy the'bl

smal | er and smal | er gurrps, It is becomng iIncreasingly difficu?t to form

rel i abbénd {2} €18siRg the BRgnE) ahﬂF{B?’Jfaiéih?_’tt*ié'@iﬁlla@‘l@rtlﬁ@ﬁtb@n@ &hé Ralle dthat theen
enpl oyed to help rnprove the reliability of stitch bond formation on the

t ops olvebkippint iat tHeptoprafdhb balle A mverde boding procegbcamthentise perfomiedwithFor

i nstance, one particular technique is to (1) forma ball bond on

15 the first/ball bond of the loop formed on the substrate and the second/stitch bond of the
loop formed on top of the bump on the bond pad.

As a result of the ever-present drive toward making electronic components smaller
and smaller, the diameters of the wires used in wire bonding, the size of the ball bonds
and the pitch (spacing) of the bond pads on dies are all decreasing. Further, packages

20 are becoming thinner and thinner. Accordingly, present techniques for reverse bonding
are becoming less and less effective. Particularly, it is becoming increasingly difficult in
reverse bonding to achieve sufficient height clearance of the wire loops to reasonably
assure that the wires will not contact the top or edge of the die or adjacent wires. Also,
with smaller and smaller bumps, it is becoming increasingly difficult to form reliable stitch

25 bonds on top of the bumps. One technique that has been employed to help improve the

reliability of stitch bond formation on the tops of bumps is to smooth the top of the bump

during its formation. For instance, one particular technique is to (1) form a ball bond on



-4 the pad in the normal fashion by nelting the wire, noving the capillary
down to press the nelted ball onto the bond pad and appl yi ng heat and/or
ultrasonic energy, (2) raising the capillary slightly (on the order of a
fraction of the thickness of the wire) so that the capillary tipis stil

within the ball, (3) nmoving the capillary laterally or diagonall y downwar d
whi | e | |
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t he bafip is stillguitidn 3hd Bali@Wvenavilythe Sibillary iatdrdily dridiagemallyedsvnwird vlitep
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t 6p anapplyinglulit3sotie esetdyesswdhr thatvtie capiltargdip paBtialtyscuts timedigbythe igiok! pearcess
tend to have nore uniformheight and a | arge, snooth surface nore anenable
t o relthedpp ofthe ball a@d\amtmm&eet@n of thenealbr(4) aising Ve gapillary with the clamsor
fine pitch applications, it is still difficult wwth this technique to assure
adequa@léen%j 0 that dhe wingciwhiehiststill atiacaed de thevtonpfthe ball) agym et abtheon t o

he baII of ten referabe r ctIy | at er al

ffmn??fuﬂcé wq &) %5@)9 thghe! ﬁ@%a?séélé A}Sr:nmﬂ@ aaplﬁa?gyﬁhﬁ@twg | e wﬁe ked wel |
CSLt Ln@%ed £ﬁ@e@?é'aé’sﬁanlo%sa“@5e V?elf”% heintireali ahestp SRR PHIWE S, |, on
upt of s“%‘gaﬂwa W”re o TS AR a@s%sﬂP%'avn”%ﬁBH#%?@s'bépgf»ﬁ“”p

s "6t BiBge ﬁeafshrfaba'sa SRS (bSO HEHIrgVER ShERE!
pr obl ens of e uat € clearance rotron o or electrlca ]
ol BRI e% i t@%ﬂg@ﬁ@%@%nmé Shein 3 Bt e

e zgz'&@%ﬁﬁ%@@%ﬁ%@gﬁtop@zﬂgﬁ&ﬂ%ff?@ﬁ%@%e@e&@egﬁmr i g ik
f or medagdyot file pitch applications, it is still difficult with this technique to assure adequate
15 clearance between the wire and the die.

A diagonal motion to smooth the top of the ball often is preferable to a strictly
lateral motion. Particularly, while the purely lateral smoothing motion worked well for
many applications, it was found that, as ball sizes and pitches continued to decrease in
size, the force exerted by the capillary tip on the bump during the purely lateral smoothing

20 motion could tear the bump off of the pad. In either embodiment, since a portion of the top
of the bump was being scfaped off, this technigue often suffered even greater problems of
inadequate clearance.

Formation of bumps for electrical interconnection of semiconductor devices to
substrates is used in another well known technique termed flip chip bonding. In flip chip

25 techniques, the semiconductor die is “flipped” such that its “top” surface (i.e., the surface

bearing the bond pads and circuitry) faces downwardly. Bumps are formed on the

substrate in positions so as to mate with bond pads on the die. The upside down die is
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substrate in positions so as to mate with bond pads on the die. The upside
down die is -5 pressed down onto the substrate so that the die is suspended
upsi de-down on the substrate with the bond pads in electrical contact with
t he stud bunps on the substrate such that the remaining circuitry on the
di e does not contact the substrate. Various techniques for formng the stud

bunps pReskE§ dOWASSItB tRe 3UBsiEle! s&fﬁ‘é\f"fhe diBGs 4gdspehdedf g['bélﬂe-»rdo‘ﬁ#%h faPs with a

wi re bondi ng nachine essentially In the way descri bed above for form ng

bunps §@histraty Withahvibondsads iRGledtricall dopt£divtth theaite® BOAs s tinsibstate t here
s a mnimm bunp hei ght necessary to assure adequate cl earance between the

sur f acsugif that thee sambainingt circaiitdy oh ¢he dief dess wdt domtactitiee isabsivated \ddraotsr i cal
shorting. As wire dianeters and pitches of the bond pads continue to

decr eateehniques fotfeuimgtherstudbumpsroo the siubsiratel aretwell kiownyrineludimggomiing
sufficient height and uniformty with a wire bondi ng machi ne. Accordingly,
it is Swmchobjireps with awepbmlm maching essentially inthedway desenes aioveeioiod  and
apparatus for formng nps. for sem conductor electrical interconnection
appl i ctarmigbumpsifer r&vsfseew"@mog@tngoflntﬂuéca&péa@ﬁeonnﬁréﬁWWtﬂeﬁ ergiigia an

|rrproved bu for is sem conductor electrical interconnectign ap Ilca I ons.
i s @In'wﬁeuw&%h %?Cetsﬁéf&bﬁoe%séwe ?H@EH@?&\%@“E?&%@!@%?"
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and Qﬁé'aﬁﬁsu@%%ﬁmaﬂ?H%%%S%%Sé?’Et&*e%%ﬁéi?ﬁ%ﬁﬁéérﬁ%girﬁm"ﬁnﬁe;ﬁ%re”ﬂ?ﬁ' kR e
S Yo B bPUGREIP nbIBR SRS ARBRR Wi o W BIGHRIE maBkAR on. @ ourp

for sem con tercon I'on ap such as reverse

wi re bondi ng gw tﬁgﬁe&ﬂe&%f tlfu% EFbs}sJ;-')t Rvehfioh 18 &P&H‘Sﬁ%gfbﬁred'rﬁefh%md

by (1) baII unp si rail S|ng e capl
pr edet Sﬁdl”aBSQrdi‘ﬁé Hforhing bumpddtSehiiSortiticoraiBEtrivhi .htérbsnmtﬁmpay' ng out of

the capillary
applications.
It is another object of the present invention to provide an improved bump for
15 semiconductor electrical interconnection applications.
It is a further object of the present invention to provide an improved method and
apparatus for forming bumps for semiconductor electrical interconnection applications
using a wire bonding machine.

It is a yet a further object of the present invention to provide an improved method

20 and apparatus for performing reverse bonding using a wire bonding machine.

Summary of the Invention

In accordance with the present invention, a bump for semiconductor electrical
interconnection applications, such as reverse wire bonding or stud bumping for flip chip
25 interconnections, is formed by (1) ball bonding at the bump site, (2) raising the capillary a
predetermined height after forming the ball bond with the wire paying out of the capillary

tip, (3) moving the capillary laterally a predetermined distance, (4) further raising the
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tip, (3) noving the capillary laterally a predeterm ned di stance, (4)
further raising the -6 capillary, and (5) noving the capillary diagonally
downwardly in the opposite lateral direction of the first lateral notion.
The wire is then severed by raising the capillary, closing the clanps and
raising the capillary again to snap the wire pigtail off at the bunp.

Prefer aabi}{a@ganequ MoRing the dapfiary arRRBnbY dbWAWardIRlin thereppaditeatdran so t hat

the tip of the capil 'ary contacts and snooths a portion of the top of the
bunp. dhectidresfthiedinst lateral motioh.a Thalwiss isahén Isavged Byrgising the edpitland, ncr eased
cl earance for both flip chip applications and reverse w re bonding

appl i calosmgsthefetampsaedgaising thebzapilarg againl tocatapdhe wireepigtaiboff at tiecyahp.
notion preferably is in a direction toward the site of the other end of the
wire |oop Preferablythe eapillaryfis positioned fardhe final diagonahmiotiors soltbaptheitip ofbe
formed) so that the sloped, 10 snooth surface on top of the bunp where the
sti t chthsoerpillaryicoptacts apd smoathe @ pastien of the topvefithae Buenmi Thisttechnigne cae wire
| oop. Thi s arrangenent grovi des a sl oped surface that mnimzes wire sag
near t FRIMsa taller apd largsy bumpdeigoyide ingreasadclrarancadeebeth fip chipappicatons e at
t he stitgh bond. .The best va‘_ues for_the first, aBd é,econd ca iIIar}(_ rise

hei ght 8Nd{R¥ETEMire,PoRFiRg @Rpligafionss Rardeversg wirg Ropdiag arplicatirn. A fisstor ¢ he

e b BTy SUBTRLRE oG oSS 8, °

) i iqul
i L e BT
clther affyRilbidace R 1op Bfineliiihd SnepEii bich boh8 i BRmetRirbsupudal &
bunp f%wérb'tﬁg%%&tibﬂb?f@wﬁ%é .“Th@ed?ﬁq’rﬁjénél%nt#gSvibéé %rngape@EGer&é‘ﬂ%‘Pa' .
notions wll be larger 1t a larder or tall’er bu I' S needed sInce INncreasing

these giishAreewirdisag netitRa sitdhso Béué]ﬁc}; he KireBthaR@\horéf 1 upWard
capillary during formation of the fold on Top of the bunp. Al so, If

i ncr eaghgks dtehetitohsbdy.e i nportant than providing a particul ar surface of

stitch bonding, the two rise height paraneters and the 25 |ateral and

di agonal nofTherbegavalies fosthesfitsbandidecsricecapitarg rige tidglats stheclateral mbtioon t op

15 distance, and the distance and angle of the diagonal motion depend largely on the wire
diameter and the dimensions of the capillary, which, collectively, largely define the size of
the ball bond that forms part of the bump. They also will depend on the particular purpose
of the bump. For instance, if the bump is to be the second bond site for a wire loop, the
desired height of the sloped, smooth surface will generally be less than the desired height

20 when the bump is used as a stud bump for flip chip interconnection. Generally, the lateral
and diagonal motions will be larger if a larger or taller bump is needed since increasing
these distances will increase the amount of wire that pays out of the capillary during
formation of the fold on top of the bump. Also, if increasing height is more important than
providing a particular surface of stitch bonding, the two rise height parameters and the

25 lateral and diagonal motion parameters may be adjusted to provide a steeper fold on top

of the bump.

In a reverse wire looping application, once the bump is formed as described above,
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of the bunmp. In a reverse wire | ooping application, once the bunp is forned
as descri bed above, -7 the sane or a different wire bonding machi ne can
then form another ball bond at a second |ocation and conplete the wire | oop
by formng a stitch bond on top of the bunp. Brief Description of the

Drawi ngs Figures 1A through 1 E are diagrans illustrating the steps of wire

bondi nghd sﬂamégﬁéW&éﬁﬁﬁlrﬁbbﬁdfng%ﬁémﬁé céﬁﬁherﬁo@r‘r&r&o@héﬁoaﬂ tBHer ét'ae% on@d W €

| oop in accordance w e prior art. Figure 3 1s a prof|

f or med|dawtion Wht &obiidic e Fied iovd by foreniy §beh bdeBn%]&‘opﬂfetblﬁ'H ar pfl or
art technique. Figures 4A through 4F are diagrans illustrating the position
of t heBeipiDeseriptivniof tHhe Drawiris vari ous stages of the bunp formation
techni que in accordance with one enbodi nent of the present invention.

Fi gure 5 i sFgupesofAltbraafghal bang diagramd illustrating tee stapsi ofgrvinabbndiagiim
accordance wth an enbodi nent of the present invention. Figures 6A and 6B
ase scaatnrdgnes withrtbe prioc adgr aphs ( SEMs) of burrps formed in 15 accordance
wi th one enmbodi nent of the present invention. ures 7A through 7D are SEMs
of bunps f oFigsie 2rs advefi @thﬁohﬁbﬁmda@?ﬂ) ghﬁbﬂﬁ?“@f afthe pr esent
invention. Eigure 8 is a profile of a reverse bonded wire | oop f or med
by a wire bEKH‘ir%& is aRiRfilecofi mbunwdeanad ©v\a vite HondinsarasBine 'Bfacpﬁgj%césent

i nventiQ canni ng el ectron m crograph of a bu formed in
accor d!&’#gé’ #gﬁﬁépﬂ?r%’ﬂ%&l"'qﬁ ggre 10 is a scanﬁl ng el ectronmr; crograph
of a bu fornmed i ccord |nv rel Ais a
Scanning ol BloFes 4B BraEn ot Yapleroh MtsfebBd Bhe hSTERR f e fadlithand

10 wire at various stages of the bump formation technique in accordance with one

embodiment of the present invention.
Figure 5 is a profile of a bump formed by a wire bonding machine in accordance
with an embodiment of the present invention.
Figures 6A and 6B are scanning electron micrographs (SEMs) of bumps formed in
15 accordance with one embodiment of the present invention.
Figures 7A through 7D are SEMs of bumps formed in accordance with another
embodiment of the present invention.
Figure 8 is a profile of a reverse bonded wire loop bump formed by a wire bonding
machine in accordance with an embodiment of the present invention.
20 Figure 9 is a scanning electron micrograph of a bump formed in accordance with
the prior art.
Figure 10 is a scanning electron micrograph of a bump formed in accordance with
the present invention.
Figure 11A is a scanning electron micrograph of the stitch bond ends of a plurality
25 of wire bonds formed between a die and a substrate in accordance with the prior art taken
from a first perspective.

Figure 11B is a scanning electron micrograph of the stitch bond ends of a plurality



25 of wire bonds fornmed between a die and a substrate in accordance with the
prior art taken froma first perspective. Figure 11 Bis a scanning

el ectron m crograph of the stitch bond ends of a plurality -8 of w re bonds
formed between a die and a substrate in accordance with the present

i nvention taken froma first perspective. Figure 12A is a scanning el ectron

m Cr 0ghARfte BontB9ormeéd BENVRHIa AEIEn@h subBlratcdin' dotor@incd Wih R Eredent Med

between a die and a substrate in accordance wth the prior art as 5 seen

f rom airdiehfién eidenfesraReRist perdpertiveéeen in Figure 8A. Figure 12Bis a
scanni ng el ectron m crograph of the stitch bond ends of a plurality of wre

bonds f or nefigued M2Aris a sbamnintdelecton sticageapmobibestitcinbendvehtds oha phuratignt

i nvention as seen froma different perspective than seen in Figure 8B. 10
Det ai | efiwibe dondp formmed betweerPa déeand arsubstrateninFaapordanceiwith thue pHiorért as
generally illustrate the position of the capillary tip and the wre at six
dist f er e@en foryadiftgreahperspaplive thapwesntio figuredA . pr ocess in accordance with

t he present _invention. As shown, the beginning of the bunp formation process
i s essenti Bigue i1dBris iacspanning electien ricagrapheehifiedtich bpad ends oha pjuralitye
process, starts wi.ith a 15 short distance of the wire 40 extending fromthe
capi | | 8f vlrﬁﬂonﬁﬁéonm%%ﬁ@v@ﬁrtam ANd A subsEate inca%cﬁaqi%qeowﬁaﬁz%p?qsen mel t
and inhereptly form,nto bal |l 42. The capillary then rops down to

cont act“vﬁﬁﬁo%éﬁéegptf@rﬂ§ @ﬁﬁr%ﬁﬁg%cgﬁ%% §eeo{bé] 'IF-I‘QW? ﬁg surface of the
bond site and formthe initial shape of the bunp as dictated by the shape of
the capillary tip. Heat and/or ultrasonic energy is applied to formthe

U DBty plSHor BF i Frady s, 0uT 7, ohove Lhe process ot
Cracea ool s 1o Rl 2 skge dhttenRann s femipey Rl e
L A M Sthodd o SR O AR Pt EBRenizhty
Fi gur ethe present invention. As shown, the beginning of the bump formation process is
essentially identical to the prior art techniques. Particularly, the process starts with a
15 short distance of the wire 40 extending from the capillary 41. The wire is hit with an
electric spark to cause it to melt and inherently form into a ball 42. The capillary then
drops down to contact the bond site 43 and squeeze the ball against the surface of the
bond site and form the initial shape of the bump as dictated by the shape of the capillary
tip. Heat and/or ultrasonic energy is applied to form the bond between the ball and the
20 surface. Figure 4A shows the process at this point.

Next, the capillary 41 rises with the clamps (not shown) open in order to pay out a
short distance of wire extending from the top of the bonded ball 42. The distance of this
rise is herein termed the separation height. Figure 4B shows the capillary position after
this step. The capillary 41 then moves laterally in a first direction (to the right in Figures

25 4A through 4F) to kink the wire as shown in Figure 4C, thus forming two bends 40a and

40b in the wire. The distance of this lateral motion is herein termed the fold offset. The

capillary then moves upward again a short distance to pay out additional wire. Generally,



25 4A through 4F) to kink the wire as shown in Figure 4C, thus formng two
bends 40a and 40b in the wire. The distance of this lateral notion is
herein termed the fold offset. The capillary then noves upward again a
short distance to pay out additional wire. CGenerally, -9 although not
necessarily, the distance of this second vertical rise will be at |east the

di st angAn&ligh At héd FsaMfyry Eriét:ﬁigtagicseofrthig%e%nﬁ%h&aii'Héé wse!é%gfeis@.tﬁ@r med the

fold factor. According stance of this second vertic rise wll

gener allstads sfethefireidvdriical tiseples ap el distahte hefsin téensdiRdfold RRterepar at i on
height (i.e., the first vertical rise) and the fold s factor. In any speci al

ci r cunmpiceochirgliyfthealistances of thisi seerid vertical rise will denerally be sefehed tohie this
separation height, the fold factor is sinply a negative value. The fold

f act or specifisatibrt as theosumaf thdyeepamation heighti(ie, the firskveitical fisd)darichthie foldr ns
the top of the bunp. Figure 4D shows the position of the capillary and wire
ats t hi $agior. nin any spesigicycumstanties wherel thesgcond vertical dse i tadenleiss fhatothenar d
and back to the left to fold the wire back on top of itself on 10 top of the
bunp. Papaiatigndeight, thei falg factords sinply & regativeIvadues | Thedoldifagtonis usast foon can
be considered to conprise two orthogonal conponents, nanely a vertjcal
conponé&Rbtraithe amountaf yyire infhe wiee fql&ihaicﬁwmnﬁ"eci@ﬁﬂf teeoumihcFigare #P;)

o R g o BRSO Bin Bon, rGe Foo
[ i . i i ] i T 1

T e SRR s RS BTG e pAPE o SobPh el e, ane
B, R i PR, oM ot B e
P BBl ARG b BBl Bl el s eric FRAF R P
capt || itk e, ol BV b R84 2Bohihe e

bends anhainghtivifatid Rerdin etk bluiipy neight SAcEor8iiglyl théd B ERicsdhe §RRSH
surface ontop of the bunp. Figure 4E show the capillary tip at the end of

the di agaipanefbbf the.did§onal mboreisithé Isapiratibnrtdigist miug thE®uPhRABIYHEPTRe | N
order to pay out a short
i5 lateral component of the diagonal motion is herein termed the fold return offset and is
generally in the opposite direction of the first lateral direction, i.e., the fold offset. This
causes the wire to fold over on itself. Preferably, the distances of the various motions, i.e.,
separation height, fold offset, fold return offset and bump height, are selected so that the
capillary tip is within the wire over at least a portion of the diagonal motion such that the
20 capillary tip scrapes off part of the wire that bends around the tip of the capillary, thus
creating a smoothed, sloped surface on top of the bump. Figure 4E show the capillary tip
at the end of the diagonal motion.
Next, the capillary 41 rises with the clamps open in order to pay out a short
distance of wire. The clamps are then closed and the capillary 41 rises again to snap the
25 wire at the end of the smoothed portion of the bump. Figure 4F shows the position of the

capillary 41 and bump 42 at this point, which essentially is the end of the bump formation

process.
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di stance of wire. The clanps are then closed and the capillary 41 rises
again to snap the 25 wire at the end of the snoothed portion of the bunp.
Figure 4F shows the position of the capillary 41 and bunp 42 at this point,
whi ch essentially is the end of the bunp formation process. -10 The wire
bondi ng machine is controlled by control circuitry that can cause the

machi ne 10 PRE MIFHEMEInG eSdHiSe RESSHtHdNRE LISt Ol hat ddHcidelinet 1 Y

conprises a digital processing device such as a progiamed general purpose

conput Afachinediogidridrm theghrakbeds B686ridd hereli. aCemimsily fite ciicityiebndrisesal
logic circuit, a mcroprocessor, an 5 application specific integrated

ci r cui digital progessihgdekivevsua a8 & prognaoaed igeperat paspodd cdmputet| 4 digital y
conprises a conputer, the invention would reside largely, If not

excl usbigehlprocassdrea statetmackinépa combgnatiomahbpgideireolyaunsroprocessar ah t he
Wi re bonding machine to perform the processes described herein. Referring
néw t oappligatienspevificdntegsated cbcuil ar aoy othaenknowradigigalarprassing mearso If the
fornmed in _accordance with the present invention as descri bed above in
connec EFHIrVCORMPriseg acompuiet. the inyrntien woHls neside lataaby.iifsrad exclusivebrinidet i on

51 general | ornmed durjn the initiall teps.of formng a ball bond as
iIIustFﬁ&‘@!ﬁ?’q {Qrprwamrwmgqbﬁ watpwrﬁorf@r%'@f thenvirg hondig gachine tapasfosm s a

fold oipvvire 52. Jhe foldnof.vvire 52 generally conprises a first folded
por t i of"ERIEIFFRICESHIOEI IR 562 ext ending fromand integral with the top

ol dea port ReeBRERGRleF@lre b, Shichif B AR AEH VieR ST oo 3R by Ppcil o
oot nETE DRBeorarEeTL i =pRae rpfUiEEe BPEIMAT BYG  SRRIORI "

ti o6 ; i ; . . (i
ot | ng Tigufes BARRUMTEE, Mo Wi SOoMBriEEe & Hobh S6Hi8R I gdheralif iRl duing | LP
bfo
7a

NUb  S44+linftRhe @.ié'ciﬁ hriing®a balBBhE alshRustiated WRPighry AR DA RS BFfHBAtRIY 1S
at the second”end 57a of “the second folded portion. Lightly shaded portion

E?pr fgb?gfﬁf ﬁgélgrt:owgit ﬁggs %‘f'ﬁﬂg’ﬁ%g Igélgo?!ﬁ R Wwirees2 genaey chihpriees aamst | ary
folded portion 56 having a first end 56a extending from and integral with the top of the ball
15 bond portion 51 of the bump and a second end 56b, a second folded portion 57 having a
first end 57a that is essentially collocated with the second end 56b of the first folded
portion and a second end 57b. Smoothed, sloped portion 53 on the fold was formed in the
second folded portion 57 of the bump by the above-described scraping by the capillary tip
during the aforementioned diagonal motion illustrated by Figures 4D and 4E. Nub 54
20 essentially is left where the wire was severed and essentially is at the second end 57a of
the second folded portion. Lightly shaded portion 55 represents the volume of wire
material that was scraped by the capillary tip to form the smoothed, sloped surface 53.
In an alternative embodiment of the invention, the diagonal motion can be split
into two sequential motions comprising a lateral motion followed by a downward motion.
25 This two step process stili provides a smoothed, sloped surface since the outside edge of

the capillary is sloped and, if it contacts the wire, it will form a smooth diagonal surface as

generally shown in Figure 5.

-11-



In an alternative enbodi nent of the invention, the diagonal notion can be
split into two sequential notions conprising a lateral notion followed by a
downward notion. 25 This two step process still provides a snoothed, sl oped
surface since the outside edge of the capillary is sloped and, if it
contacts the wire, it will forma snooth diagonal surface as generally

shoun 1n Pl He pamticuidrlvald&e (dH-iepafatigh neight, Ban{PheigRP 36 faltor Y8l set uN

hei ght, fold factor, fold offset, and return fset to forman

appr opahafélidhretmn dteend forhaRl dpproptiate BlrAp dRipend I8igely 68 i Binhéidiong o,
capillary hole diameter and capillary chanter diameter, and the wire

di amet dre capillaygrip; abpillahchdledigmeterand capildinachamfer diametern; gad théevireol d
offset and fold return s offset val ues necessary. Normally, it is preferred
t o det diameter.t incgehnesal, thel laegeritbe wileadiamiteretnerargan ok fiold affeettard fold saturn
enpirical basis and based on the goals of the specific application. For

i ist anoffset valgesenecassarns Nermaelly dtig prefertedi to dgiemninatthe beaheduesfnr thehe
exact shape and hei ght of the snoothed, sloped portion may not be »
part i cafaementipped pacameters pataneempirical basia pnddiaged oy thergoals epthesspadfis y

X S i i
e A S
increagaax romf’ tgfalg'&uqﬁtg:? “?‘%‘L&"-'FWe'Sé'ﬁS@ghgf’“‘?ﬁg”\&%ﬁé”?%C roﬂp' O%ghgc%h%rf t%e
oo peanenicheitting [ Be sed sl el HR of % BBodr o i g SReNER B R P

Foped, “SrndPicd s Ur'r | _
nei gt EaARCa B} eighl BneSoded dofid Stifaq s 18 pEpRImBRBLTHAAY

increaﬂ;\é‘ItiH’é@eﬁ@%ﬁ%ﬂtﬁ‘bmgght and fold factor. Figures 6A and 6B are

scanni ng el ectron™m crographs (SEMs) of bunps forned in accordance with 20
the present Gdhepdlly, edlied @vkeHEsuNpS hwiRIER midy bé RedreaseiraBlieor i) elip as a

significant concern. These bunps were nmade using th foll ow ng exenpl ary
par anerpphcations, can be formed by increasing one or both of (1) the slope of the wire fold on
15 top of the bump and (2) the amount of wire that forms the fold. The slope of the sloped,
smoothed surface generally can be increased by reducing the fold offset and increasing
the fold return offset relative to the separation height. Further, the amount of wire in the

fold is generally increased by increasing the separation height and fold factor. Figures 6A

and 6B are scanning electron micrographs (SEMs) of bumps formed in accordance with

20 the present invention designed with overall increased bump height as a significant
concern. These bumps were made using the following exemplary parameters.

Parameter Value

Wire diameter 1.0 mils
Capillary chamfer diameter 1.8 mils
Capillary tip diameter 3.9 mils
Capillary hole diameter 1.3 mils
Bump height 0.5 mils
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Paranmeter Value Wre dianeter 1.0 mls Capillary chanfer dianmeter 1.8 mls
Capillary tip dianeter 3.9 mls Capillary hole dianmeter 1.3 mls Bunp
height 0.5 mls -12 Separation height 1 mls Fold offset 1 mls Fold
return offset -2 mls Fold factor 1 rrils On the other hand, if it is nore
| npor t gat—t-oact a—t+esser—stope &t reater—area—for—the—stoped;
snoot hEﬁeB%fﬁFaeé'ef%ﬁ stitch bondi ng, tr F' pe of the sloped, snoothed
surf aceFgansfsat |y can be decreased and [t{hgj&rea thereof increased by 5
i ncreasing the fold offset and decreasilng the fold return offset distankes
rel ati MEoldgeture offsebar at i on hei ght. Fi cuZé@"S?A through 7D are SEMs of blLinps
for medrs tance—wth—the—present o that—were—destgned—wtn t he
provis %ﬁldg?&yl arge snmooth and st abl 4 suﬁ#aoe for stitch bonding as a
significant concern. These bunps were nade using the follow ng exenplary
aranmeters. Paraneter Value Wre dianeter 1.18 mls Capillary chanfer
dianeter 2.3 mls Capillary tip dianeter 5.1 mls Capillary hole dianeter
1.6 m|s BGwthegither hand, ihit issmosejpapertandiio kehigive alledseat slopeRnido gidatert 1. 8
mls

area for the sloped, smoothed surface for stitch bonding, the slope of the sloped,
smoothed surface generally can be decreased and the area thereof increased by

5 increasing the fold offset and decreasing the fold return offset distances relative to the
separation height. Figures 7A through 7D are SEMs of bumps formed in accordance
with the present invention that were designed with the provision of a large smooth and
stable surface for stitch bonding as a significant concern. These bumps were made using

the following exemplary parameters.

Parameter Value

Wire diameter 1.18 mils

Capillary chamfer diameter 2.3 mils

Capillary tip diameter 5.1 mils

Capillary hole diameter 1.6 mils

Bump height 0.5 mils

Separation height 1.2 mils

Fold offset 1.8 mils

Fold return offset -1.8 mils -1.5 mils -1.4 mils -1.1 mils
(Figure 7A) | (Figure 7B) | (Figure 7C) | (Figure 7D)

Fold factor 0.75 mils

10
The table below shows minimum, maximum and exemplary values for the wire
bonding machine control parameters (i.e., separation height, bump height, fold offset, fold
return offset, and fold factor) as functions of the capillary and wire dimensions, i.e., wire

diameter (WD), capillary tip diameter (TIP), capillary chamfer diameter (CD), and capillary
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Fold return offset -1.8 mls -1.5 mls -1.4 mls -1.1 mls (Figure 7A)
(Figure 713 (Figure 7C) (Figure 7D Fold factor 0.75 mils 10 The table bel ow
shows m ni num maxi num and exenpl ary values for the wire bonding rmachi ne
control paraneters (i.e., separation height, bunp height, fold offset, fold
return offset, and fold factor) as functions of the capillary and wire

di nmens )
Capy RO tinetr (. B oMb Lo doelReEs HathilBhegy

M ni nugheRf toprovideapplofiats eddume in &@Eﬁ-}%lﬁd’mb difeienbBamp SHEPE HeteBESN de
appropriate results 1n achieving the different bunp shapes necessary for

r ever s forlrevehise pomaihd amng fliphchip bumpimg. Villesesutsidé f teesef rahes enayavere weliny
very well also produce acceptable results and these ranges are nerely
exenpl alsp. preducéacceptablesresultsiand thésd rhgeBarephenely exarpplasenFurteen theended
starting points for experinental determ nation of the best val ues, which,
as not edluabvlabelgst ‘Exemplagy” gmrelsenb@camreemdeibataﬁmgapomtmw;exaadmataind on
t he partlcular a lication. Paraneter M nimum Maxi num Bunp_ hei ght

0.0 WDdetesmnatioaefithe best valuemwiish, asateghabaye, @rﬁéﬁr@bly@p@u!s{ bedetepningd HD

hei ght Fql.d offset WO CD HD Fold returpn offset WD CD (TIP-CD)/2 fold
f act or EMAYiCARY anddapand e the part |C|J[@«Baﬁpwpnr he desired bunp for any giyven
wired Bmmeteand capi | N&n;mumo SI ze, tMa:gnwmer t he foE&emIPﬂ%'M and/ of the
greate Lllc S attTon ght—fotd—ret of-fset—and? t—factor—|t
has bep ﬁ '&5’5@% t hat Uiﬁ the bunp is mbbe used as a p(?'gwtgrmfor a

Separation height | CD/2 HD

Alternate separation | WD 2WD HD

height

Fold offset WD CD HD

Fold return offset WD CD (TIP-CD)/2

fold factor 0.0 2WD 0.5WD

In general, the higher the desired bump for any given wire diameter and capillary

10 size, the shorter the fold offset and/or the greater the separation height, fold return offset
and/or fold factor. It has been observed that, if the bump is to be used as a platform for a
stitch bond of a wire loop, values between the “Minimum” and “Exemplary” values in the
table above are likely to be more appropriate. If, on the other hand, increased bump
height is more important, as would typically be the case for flip chip bonding, then
15 parameter values between the “Exemplary” and “Maximum” values in the table above are
likely to be more appropriate.

The fact that the stitch bond made on a sloped surface helps keep the wire from
sagging near the stitch bond. The fact that the stitch bond is made on a large, smooth
surface improves the reliability of the stitch bond.

20 Figure 8 shows a wire loop in which the stitch bond is made on top of a bump made
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stitch bond of a wre | oop, values between the "M ni nunt and "Exenpl ary"

values in the table above are likely to be nore appropriate. If, on the

ot her hand, increased bunp height is nore inportant, as would typically be

the case for fIip chi p bondi ng, then 1s paraneter val ues between the
"Exenplary" and "Maxi nunf values in the table above are |likely to be nore

appr opin &cdrddite Wit thd palsehbipvehfidre NintRRp a6 RaPEmBodinddadthelbiirs 81idps
keep the wire from sagging near the stitch bond. The fact that the stitch

bond i stitchd@ndréZaleahgde osnthetdondspad 63 ef andie 64 alattissuppbitadiohid sumdtratdie
stitch bond. 20 Figure 8 shows a wire loop in which the stitch bond is nade
on t opsuéh as kdepd fradee 65,1dn whictctherfitatiicall bond 66 lof the wirerloop BVdeamarde. As this
particul ar enbodi nent, the bu 61 and stitch bond 62 are nade on the bond
pad 63can ba sees iwEiguies, the Wil tiedands swoyfiom the bwmphamsﬁtchbaddﬁﬁarre
on which the first/ball bond 66 of the wire | oo I S nade. can be

séen i ﬁ i Hier wohyll dirgetion pithegtipped ssneethed saifage (tod: tﬂﬁi“ﬂ!fhﬁlﬂ'-’éﬁ@) sThugh

bond 6 5, 62 i n he up |II directjon, of the sl ped surface (to
the ri Wlfﬁ eRLthe Sttt%lmmé ew&m {Pﬁ'\aégﬁla?j‘e@ﬁ thewitsond at

22 opelal %'lﬁ%bggﬁw%e%ﬁch anﬁairéapé“#tﬁﬂe ochB BiSe on e Bopd pic b:”d
Coocl | B8 ¥ FaBRetyEscPeg e Pabafe M gohnashih &tn HauldsR thrdlan B extia®
SubSt BlecO di e LAREIAr Shiseablt RO HoRler MB,4E Pule0R ARthd CleBco Byl |

bond 6 I'Iary then on over previ ous

blldfm G%UHQ'ﬁFs'R/b‘éﬂl' nHeofftlli@ler%qa{')e%EdfoFmé Q%au%g)?\%y Sth EQP.hQMheg rﬁ:ﬂfes""i re

| oop. e notion o the capi | etween the rst bond s

seconddgipdsitioh®venthd ﬁFéW@lﬁ;l@fbfnf@?ﬁ BiSHp 63 TRARSWA KRR cAfSRRTaRy O
properly shape the wire | oop 67. The second/stltch bond 62 is then nade on

t op of seéendi&titeh BBAE of HEDWIrE Icﬂﬁf T mb o bf tHeecdpiliEry DdtwddH thettitstdnd sifehe

capillary noves down and contacts the sloped, snmooth surface, thus pinching
the w aadtieé seesnd bend sité: chariyclude anpenotidnecarhppehts sienidt aacdssaey tdeat

and/or ultrasonic energy nmay be applied to facilitate
properly shape the wire loop 67. The second/stitch bond 62 is then made on top of the
15 sloped, smooth portion 68 of the bump 61. Particularly, the capillary moves down and
contacts the sloped, smooth surface, thus pinching the wire between the capillary tip and
the sloped, smooth surface. Heat and/or ultrasonic energy may be applied to facilitate
bonding. The capillary then rises with the clamps open to pay out a short distance of wire.
The clamps close and the capillary rises again snapping the wire at the weakened stitch
20 bond. The resulting wire loop 67 is shown in Figure 8.

Figure 9 is a scanning electron micrograph (SEM) of a plurality of bumps made on
bond pads of a semiconductor die in accordance with the prior art technique described
above in the background section of this specification.

Figure 10 is a SEM of a plurality of bumps made on bond pads of a semiconductor

25 die in accordance with the present invention. As can be seen the bumps have more gold,

a greater height and a larger and more steeply sloped, smooth surface for accepting a

stitch bond..
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bondi ng. The capillary then rises with the clanps open to pay out a short
di stance of wire. The clanps close and the capillary rises again snapping
the wire at the weakened stitch 20 bond. The resulting wire loop 67 is
shown in Figure 8. Figure 9 is a scanning electron mcrograph (SEM of a
plurality of bunps made on bond pads of a sem conductor die in accordance

with the prFguréntAlieGhSEMIEnERInG'd PSionI @vsiutdiity BEwhatbssnesr theGtitchn of
this specification. Figure 10 is a SEMof a plurality of bunps nade on bond
pads oboads aradecndtopt ofra bddmpdnade ndmhal phadscsf ansémidoimeuptor Séanin agvoeddricen. As
can be seen the bunps have nore gold, a greater height and a | arger and
nmor e switbhg psibopddechkmique ldesarilbext abde indhedackgrpumnd sadticotofiibisd. . 15 Fi gure
1 1A is a SEMshowing a portion of a plurality of wire |oops near the stitch
bonds &Reeficatianog-igarea? bg iparfcd shewig theppri art bands froovhiguice 41 Adram ian
accordance wth the prior art techni que described above in the background
séct i ofifferenty lowerperspedivei e can gaseenin BothsFigugeai tA@mdnt! B.Hbe prifeoloonr t
bonds from Fi&ure élAf oma 5 different, | ower perspective. As can be
seen i A39%EHPEARIRlYsand almestsontagls the,edge Pfetheﬁﬁ- sags substantially and

Ll Sl MR )
e Bgﬁ; Bl g :ﬁ*@gﬁgﬁﬁ&m%ﬁ@%@%mfcam ueliele EAA G o
subst ag\{%é‘\% g\l%aesﬁg ﬁ-[v%g'ﬁ%'l ﬁfqbﬁé\% 8 r%ﬁg 2 b‘%@%@%@g‘f\éﬁé'ﬁ%@%x'é@'%b‘lyz%{rar&r es 1
o an g doe e BN PAS PR RS ARR, S 1oons, 35 SUS Bk S AR 7o

sem Cofielgior P EERNG 18 RlusPratetPhy FrliréONFA ardCHi Brand @M Bt Wi sureednyg and

flip chip. = 1s Further, we have disclosed a method and apparatus for wre
| oop bedge 8 thePdiettyca lstbstantiaFyiefah@eW re | oop bondi ng. Sone of the

advant ages of the present invention include the
We have disclosed new methods and apparatus for creating bumps for
semiconductor interconnection applications, such as reverse wire bonding and flip chip.
15 Further, we have disclosed a method and apparatus for wire loop bonding, particularly,
reverse wire loop bonding. Some of the advantages of the present invention include the
formation of a larger and./or taller bump that helps improve substrate clearance in flip chip
interconnect applications and helps improve wire loop clearance and minimize wire sag in
reverse wire loop bonding applications. Bumps formed in accordance with the present
20 invention provide a larger, more uniform and more stable, smooth surface on which a
stitch bond may be formed in a reverse wire looping application. Among other things, this
helps improve loop stability (including, 1oop shape consistency and loop height
consistency).
Having thus described a few particular embodiments of the invention, various
25 alterations, modifications, and improvements will readily occur to those skilled in the art.

Such alterations, modifications and improvements as are made obvious by this disclosure

are intended to be part of this description though not expressly stated herein, and are
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formation of a larger and./or taller bunp that hel ps inprove substrate
clearance in flip chip interconnect applications and hel ps inprove wire

| oop clearance and mnimze wire sag in reverse wire | oop bonding
applications. Bunps forned in accordance with the present 20 invention
provide a larger, nore uniformand nore stable, snooth surface on which a
St tChlrﬁ&%d%ybé’ﬁltﬁWﬂﬁE%ﬂlﬂ ahd %es@f tl"\b"r%/érﬁ@ﬁ' %&P&hg&aiﬂ%regfcﬂﬁgg ot her

things, this helps inprove |oop stability (including, |o0op shape

consi sHeseriptioids by wWayef Simplestiy, drRnsoblimitiay.| Taetifentibdsis limied éhly aw
particul ar enbodi nents of the invention, various 25 alterations,

nmodi f i definexhip, therfdllowing @lsinsnarsd eqthlk!alleamilhlevetoccur to those skilled in the
art. Such alterations, nodifications and inprovenents as are nade obvi ous
by this disclosure are intended to be part of this description though not
expressly stated herein, and are -16 intended to be within the spirit and
scope of the invention. Accordingly, the foregoing description is by way of
exanple only, and not limting. The invention is limted only as defined in
the follow ng clainms and equivalents thereto. _"_ Cainms: 1. A method of
forming a wire | oop for sem conductor electrical interconnection conprising
the steps of: (A formng a bunp, the step of formng a bunp including: (1)
forming a ball bond at a first bond |ocation using a wire bondi ng nachi ne
with wire, said wire bonding machine having a capillary; (2) raising said
capillary a first height such that wire attached to said ball bond pays out
of said capillary; (3) noving said capillary laterally a first |ateral
distance in a first direction; (4) raising said capillary further by a
second height; (5) noving said capillary in a second direction, said second
di rection having a downward conponent and a | ateral conponent to forma
fold of wire on the ball bond, said | ateral conponent being generally
opposite of said first direction; and (6) severing said wire from said
bunp, wherein a face of the capillary
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snmooths at |east a portion of the fold of wire during step (5); (B) formng
a second ball bond at a location spaced fromsaid bunp; (C) formng a wire

| oop between said |ocation of said second ball bond and a | ocation of said
bump; and (D) forming a stitch bond to termnate said wire | oop, said stitch
bond being formed on top of said bunp. 2. The method of claim1 wherein
step ( I_ggrrprl ses applying at | east one of heat and ultrasonic energy
during step (5). 3. The nethod of claim2 wherein step (D) conprises form ng

said stitch bondA thBE‘%f Ed?h—f Fe IBQFer@eq'l aﬂcndWl:l.ro?e i‘ﬁﬁ’.e#é nrtel&ﬁorfu ace of

t he capill ary a| m 4 whereln said | ocation o sal d second
bal | beqmpm%n%b’sﬁt%taps Pfr om said Iocatl on of said bunp in about the sane
direction as said first direction. 5. A wre bonding nmachi ne conprising: a

capi : : ary; gaMofrinded bMﬂ?Yttﬁe}/ﬁbﬁtﬁf fdﬁhi@fﬁhh‘\}pﬂgcluﬂmt@ (Plfl‘éﬁﬁfhgaa bair BoﬂdTatS@ijd

capl ; 1 on, Contro St e, or C r.o I N not i on Sal

ot 11 B 0B osaiiat 13 Akt BEnAIbh Sashiienti ui ko SO AR barimdacfins Poyaian

a bal | clgoiatyat?2)arafsinmgssaidh aapillarycafitsb height sughtthet wire ettabbedltnspidrbalhbord paysh
ire; i fh.capi. ) i i . ched to

ot o' bof ot AIG AT, (nBRibG 88 Belioh el Id e WilaMd B FH

| at er aHIrgctipng |(1’r)staisira:.| ezidicapidlpayt fantber by asetendsheigiht; €6} 'rrtwing(sa)d c@ﬂéamgw 8ai d

capi || eéaenawe&%n, ss@eﬁe&?dnqrgvmg(ého h.ragcon%@drféneana la'i@ﬂ'e)éalicem%oﬁcﬁﬁond

direction, said sécond e§| rection havi }?ge ownward ‘component an I'at er al
corrponé‘hfo"'f"oa fokt af wire sndhepallibeed.otaid [REemmhsamprieat bg'é!G(ﬂel”ﬁfaé'f/aJPPE%Fﬁprr%fﬂ

bei ng figk Afreddidny éhaqe%é\eerﬁ?lﬁ.d‘ irgtfroih EQGHUAE, wHafleih @) faB&¥etHeNGpRRHE W re
the capillary snmooths at |east a portion

f d
01[ O'[nhzg'll’“BPg' g '%\SF@ p(?ﬁ‘i“?%ﬁf @Féﬂld(‘g)w'rmf ﬂe%ég)d circuitry for performng

tasks (2) through (5) is configured to create a sl oped snooth surface on
t he porti on(®Y fotdingf dbetoat! ball bend @b atibeatiohspadeel fireraesatf barhp; capi |l ary during
task (5), wherein

(C) forming a wire loop between said location of said second ball bond and a location of

sald bump; and

(D) forming a stitch bond to terminate said wire loop, said stitch bond being formed on
top of said bump.

2. The method of claim 1 wherein step (A) comprises applying at least one of heat
and ultrasonic energy during step (5).

3. The method of claim 2 wherein step (D) comprises forming said stitch bond on
the portion of the fold of wire smoothed by the face of the capillary.

4, The method of claim 4 wherein said location of said second ball bond is spaced

from said location of said bump in about the same direction as said first direction.
5. A wire bonding machine comprising:
a capillary;

a wire delivery system for supplying wire through a bore in said capillary; and
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said notion control systemfurther includes circuitry for; formng a second
ball bond at a |ocation spaced fromsaid bunp; formng a wire | oop between
said | ocation of said second ball bond and a | ocation of said bunp; and
formng a stitch bond to termnate said wire |oop, said stitch bond being
formed on top of said bunp. 6. The wire bondi ng machine of claimb5 V\,herei n
the step of _formn titch bond said tltch bond

said snooth su?tfoi'cg’ g??géﬁtﬁmbfgﬁﬁontr?o(h"{m@o ?&Pﬁaa%éﬁ' (ROt %q"zﬁroh] 6
wher ei aystaeindntlodiag icoouibdy feeti (d) fm‘unmiatta!llbonb@md first lspalcledatfonoumirgmtie wioeat i on
of sai @ohan@mazhﬁe%thwﬁ ?%.ﬁﬁ Sl cgﬁsué\sy asfi‘r‘sgh%fgi'uﬁguchdﬂhra?g\}iﬂe%tacﬁedtoé

conput er r eadabl e pro uct or con a wre ndi ng nmachi ne Conpr|S|ng

a capPiddey bPBF‘ PRYT AV hef SRithprPiiasy; é@rﬂ‘@‘dﬂ@lﬁé'ﬁcﬁapé'laétlaﬁréﬁ\}’ ajfistdatestinect i on,
sai d CGEPéHc@ﬁn alfRCRRdcBioR! uﬁts.r@ogaw t@. GQﬂﬁéﬁlﬁfaeé&ﬁﬂdtrféhﬁrﬂ (S)ShbUagi ons

f t d I
LR TR SR I Y WA LTI B A R
such tImbramasrﬁp@tetnamdﬂeﬁn-t@faa:odmldn Mrlﬂullrmyia suitl latefal s&mdomplﬂeir@ry (3)
nmovi n sal r,a nce i.n

Y eop aBfbdng BbesteRiatid ALELRectbo? ahd (6 sayBHRG 3o hidd BBETad klimh Phbrelnya o)
movi ng facei of thepadillary priooths stdeasich p.brtlenpf the, foghofdvise doring diepdS) i winerimvdaity a
downvar.( OIu E—gW ta@ké g%etrh%ug%o(%?‘?é‘@d?ﬁﬁh%dft]%rchéé’cefa‘)élS’péH MR 39ffa£é”'&1

bal | bon onent er al osit sal I rst

di r ect thmporaiag of e @Lﬂ/@frwwg sewPEhedi trYethP%Mﬁ efthe csa'Hﬁerm t3sk ($lasdhesdin{ he

capi || 3y moms dneddl sMéﬁtfu&hem:tuueac.@éu.wﬁ)rf ®drehiRg aWebdhdbEIl Fehd &K (9) ,
t he conputer readable gro duct further conprisin ut er execut abl e

i nst r udtPHRAR spared frogy s Srtrﬂ"r‘ﬁ’g ar@@@m'rﬁéﬂqp hsSH e%ﬁa'gR?%&'89|°6ﬁa'§ﬁ§E‘€H' hallom
sai d bapd ac@)k IbcHtFn G saidbunep;| pfob@ingyeestignibdnd o6 adririnatefsarilvitle fRpOBdld bal |

bond ang 2 t!o%%e%n%nformed on top of said bump.

6. The wire bonding machine of claim 5 wherein the step of forming a stitch bond
comprises forming said stitch bond on said smooth surface of said bump.

7. The wire bonding machine of claim 6 wherein said location of said second ball
bond is spaced from said location of said bump in about the same direction as said first
direction.

8. A computer readable product for controlling a wire bonding machine comprising a
capillary for forming bumps for semiconductor electrical interconnection, said computer

readable product comprising computer executable instructions for:

(1) forming a ball bond at a first bond location using said capillary of said wire bonding
machine;

(2) raising said capillary a first height such that wire attached to said ball bond pays out
of said capillary;

(3) moving said capillary laterally a first lateral distance in a first direction;

(4) raising said capillary further by a second height;
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said bunp; and (10) formng a stitch bond to termnate said wire |oop, said
stitch bond being fornmed on top of said bunp. 9. A conputer readable
product for controlling a wire bonding machine conprising a capillary for
form ng bunps for sem conductor electrical interconnection, said conputer

r eadabl e product corrpri sing corrput er executabl e instructions for' (1)
formng ab at. a fi bond | ocation using said ca f sa
wre bondi ni? MedHs sat Paliepdina Serood Ry sHEl arT Hhec Ry o' e,
Wi re atempdredt sod edaterajaompooank todfpem @ufpld offwissmenl taball bemd; sa(da)stem!w ng said
capi || &rodan belnbaeRefdly Hpp BQEeﬁé@éaucﬂh{%Eﬂgéﬁsdn afafirst direction;  (4)

raising said capillary urt secon el ght; (5) noving sald capillary
in a second direction, said second direction haV|n a downward nFonent
a8

and a | at er ) seupRRgheaid Wite freineald byne whereln adagmot the Oaalllﬁr»b%maothg tpast a

| at er aportief fm&ﬁl;efbild bews dgangutadkl 06) OitRaBipata res@ifle brddiict flirtRecb@Brisiagd (6)
wherein a face of the capillary snooths at

fg\égilg B@:F'f%‘??”gqb' rfJgWPs ftf%rw re during task (5), wherein task (5)

i ncludes creating a sloped snooth surface on the portion of the fold of
Wi re snoot h&s) fhsminhes $erord ball bhed ebpilddatioy spacdd ftdre seidnpubr r eadabl e
carrier further conprising conputer readable instructions for: (7) applying

at | east on?)%rrn% t, Ae |&U£t[£&§,EQHz %lﬁnf‘ég)%n %FE!\lH%eéﬁ'indbéipwaﬁd% g

i nst ruct| ons ‘for rformn formng a secon
| ocat i &#d %Htpe@"ﬂr omsaid bunp; (9) formng a wire | oop between said
| ocation of said second ball bond and a |ocation of said bunp; and (10)

form ng a Stid)GhrrRing G dtRch B6MA BRtePmARte st vArd B8P, saidkBitchiboha belRNerhied BS

formed o
top of said bump.

9. A computer readable product for controlling a wire bonding machine comprising a
capillary for forming bumps for semiconductor electrical interconnection, said computer
readable product comprising computer executable instructions for:

(1) forming a ball bond at a first bond location using said capillary of said wire bonding

machine;

(2) raising said capillary a first height such that wire attached to said ball bend pays out
of said capillary;

(3) moving said capillary laterally a first lateral distance in a first direction;
{(4) raising said capillary further by a second height;

(5) moving said capillary in a second direction, said second direction having a downward
component and a lateral component to form a fold of wire on the ball bond, said lateral

component being generally opposite of said first direction; and

(6) severing said wire from said bump wherein a face of the caplllary smooths at least a
portion of the fold of wire during task (5},

wherein task (5) includes creating a sloped smooth surface on the portion of the fold of
wire smoothed by the face of the capillary,
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top of said bunp. 10. The conputer readabl e product of claim9 wherein said
conput er executable instructions for performng task (10) conprises formng
said stitch bond on said snmooth surface of said bunp. 11. The conputer
readabl e product of claim 10 wherein said |ocation of said second ball bond
is laterally spaced fron1said | ocation of said bunp in about the sane

di rection aa1sa| at er al ection ndugtor

electrical | rﬁ%)mc%u etadgiﬁle C8Frfﬁr|f§:rth§f CoRRsisg %odﬂ%qe?%‘aﬁﬁéledﬂsrpaucg'ﬁp? e; and

a fold of wre forrred on top of said ball bond, the fold of wire including
a snoot hed (ranApbing Absakeeheyf keat apd IUIItaasyn@ferarw dgringsaid egmpatshirerlatiler i ng

fornatqrg&u@@‘,o,{sl}gr[,glfg.ngf., ‘66§ke(3@n top of the ball bond. 13. The bunp of claim
12 wherein said bunp is orne With the wire bonding machine and said ball

bond and sald wire fold are fornmed of wire fromsaid wire bonding machine.
14. The bunfPldPreing svecendhall &PRd eha 'EeP seereddrem saidPureRi d wire fol d
conprises a snooth, sloped top surface. 15. The bunp of claim 14 wherein
said wire fog)croaﬁmgrai wa8 oo batsieei ehidaskapiontof eaid daasndBalbbénd sid &nstatioh egr al
W th an% xtendl g froma top of said ball bond in a first direction having
alatel F 81 5’6‘ said first folded portion further conprising a second
end and a second foI ded portion extending fromsaid second end of said
first fol del@drtmiog a stiteh becd taiterdiimate sdidrwiggelvopasdig stfgpamindeeify aned bnr st
di r ect ko sajBumpb- The bunp of claim 15 wherein said second fol ded portion
conprises a ]!I rst end extending fromsaid second end of said first fol ded

portion and a second end at which said wwre fold was severed fromsaid wre
bondi ng machAPne. The compugter negslapte podieh of lajiRet whereimszid cpmeptediexgettpdf and

said S&%ﬂﬂdtl&idf@ﬁbéﬂ&nﬁhg task @O0 ko pelidsCotrhMaSsaiEaddh G bh SaiisriodtAlsefate
corrpongp algmd a vertical conponent.

11.  The computer readable product of claim 10 wherein said location of said second
ball bond is laterally spaced from said location of said bump in about the same direction as said
first lateral direction.

12, A bump for semiconductor electrical interconnection comprising: a ball bond
formed on a surface; and a fold of wire formed on top of said ball bond, the fold of wire
including a smoothed portion smoothed by a capillary of a wire bonding machine during

formation of the fold of wire on top of the ball bond.

13. The bump of claim 12 wherein said bump is formed with the wire bonding
machine and said ball bond and said wire fold are formed of wire from said wire bonding

machine,

14. The bump of claim 12 wherein the smoothed portion of said wire fold comprises a

smooth, sloped top surface.

15.  The bump of claim 14 wherein said wire fold comprises a first folded portion
having a first end integral with and extending from a top of said ball bond in a first direction
having a lateral component, said first folded portion further comprising a second end and a
second folded portion extending from said second end of said first folded portion in a second
direction generally opposite of said first direction.
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18. The bunp of claim 17 wherein said snooth, sloped surface is fornmed in
said second folded wire portion. 19. The bunp of claim 18 wherein said
snoot h, sl oped surface is formed by scraping the second wire fold portion
with the capillary of the wire bonding machine during said formation of
said bunp. 20. The bunp of claim 19 wherein said ball bond is forned by ball

bondi ng with_sai ire on said_surface ysing t apillary of said wr

bondi ng macibne, TBRYTH & SFPLLS HEE S Sery Bep iR var HmE AT ary

a fi rsextendyigtfreh el ssapnd badl bf baid dirstelded Ipattioni arel ate¢@odehd atovidch shid adire

bond pwgé@gtse%mggmﬂg -inllil,.@wndi,gé))narmmi(,pg said capillary laterally a first
'S

| at er al ance in a first direction, (c) raising said capillary further
by a second height, (d) moving said capillary in a second direction, said
second di redti on TR&WURP of dRIhiRWIetbnpaiAdrst dirfgtian apd saidgecernshiiberdien are

for m t higagoRbidifdctivhs, @aeR cb®Prising tahatdhal donfponent sd 8 vealcar edmgsiepenent bei ng
general ly opposite of said first direction, and (e) severing said wire from

sai d bunp. . T u of cl aj Q0 wherein said wire fold.is formed. by
Further applgt ng 10 PP cighbt SRl SEf haph st Rt i, Brmed I 91 ng
sai d capedridafiolded wisgpattioecond direction. 22. A wire |oop for sem conductor
el ectrical interconnection conprising: the bunp of claim12; a second ball

bond forned at a ' ' ; tJ k
op of _sai d o SRl SAREEE uhEATR SBlSnplih:sihellaubfale WA d RV Strgofid
ext enditheseqonrhvyed feld pertion avitinthe weilanaeidha vdeckendlirthmaching guaingwadh and
ext enditggndtionBraidburhp.t ch bond. 23. The wire | oop of claim 22 wherein said
wire fold conprises a snooth, sloped top surface and said stitch bond is

made on sai d snmoqQth, sloped surface of said hunp. -22
%O. q's'ne bump gf claim 19 w ere(i)n saig ball%orrm is formed by ball bonding with said

wire on said surface using the capillary of said wire bonding machine, and said wire fold is
formed by (a) raising said capillary a first height above said ball bond such that wire attached
to said ball bond pays out of said capillary, (b) moving said capillary lateraliy a first lateral
distance in a first direction, {¢) raising said capillary further by a second height, {d) moving said
capillary in a second direction, said second direction having a downward component and a
lateral component to form the fold of wire on top of the ball bond, said lateral component being

generally opposite of said first direction, and (e) severing said wire from said bump.

21. The bump of claim 20 wherein said wire fold is formed by further applying at

least one of heat and ultrasonic energy while moving said capiliary in said second direction.

22, A wire loop for semiconductor electrical interconnection comprising: the bump of
claim 12; a second ball bond formed at a location spaced from sald bump; a stitch bond formed
on top of said bump; and a wire loop having a first end integral with and extending from said

second ball bond and a second end integral with and extending from said stitch bond.

23. The wire loop of claim 22 wherein said wire fold comprises a smooth, sloped top
surface and said stitch bond is made on said smooth, sloped surface of said bump.
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