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LOW LOOP HEI GHT BALL BONDI NG METHOD AND APPARATUS
FI ELD OF THE | NVENTI ON [ 001] The invention pertains to

woweos/ob282li ng on sem conduct or devi ces. BACKGREUNMDSIOB4/039676

THE |1 NVENTI ON [002] Ball bonding is a comon technique
for interconnecting the bond pads on a sem conduct or
die with the contact points on a |l ead frane or other
substrate on which the die is nmounted. Electrica
i nterconnect wires typically are run fromthe pond
pads on the top of the die to |lead fingers on a | ead
f r ampWLOOFEHEIGHT BALL BONDINGMETHODNAND APPARATUS
on the die to the pins of the lead frane that wl|
extend fromthe package after the die has been
Eﬂ%ﬁﬁiigiﬁﬁgﬂﬂggﬁgiﬁﬁf bonds between the bond pads of

i i ngers commonly are formed using
a ball bondi ng machine. Figures 1Adenpnstrate the
st eps [001]a Theinvention pertainsHai it bendipgian semisonguctphie
clenicesi i onal | ooping technique (herein termed forward
| oopi ng) involves ball bonding one end of a gold wire
to a bond pad on a die and stitch bonding the other
end of the wire to the lead frane. Mre particularly,

m the wire is passed
hrough a center bore of a

capl Il ar At the begl nni ng of the process, a wire
"tail IOQéI i Salrhanding fsp eemmariechnisiusrfor Inieregpnesting the

, as shown in Figure 1A, The tail 23 at the end of the
\biohd parishernb ednfiyomiaoier dié with dleestdntact points on a lead frame or

other substrate on which the die is mounted. Electrical interconnect wires
typically are run from the bond pads on the top of the die to lead fingers on a
lead frame in order to electrically connect the circuitry on the die to the pins
of the lead frame that will extend from the package after the die has been
encapsulated. The wire bonds between the bond pads of the die and the
lead fingers commonly are formed using a ball bonding machine. Figures 1A-
11 demonstrate the steps in a conventional technique of ball bonding. The
conventional looping technique (herein termed forward looping) involves ball
bonding one end of a gold wire to a bond pad on a die and stitch bonding the
other end of the wire to the lead frame. More particularly, using a ball
bonding machine, the wire 17 is passed through a set of clamps 18 and
through a center bore of a capillary 11. At the beginning of the process, a
wire "tail" 23 is protruding from the tip of the capillary 11, as shown in Figure
1A. The tail 23 at the end of the wire 17 is heated by means of an electric

spark 16 termed an electric flame off (EFO) from an EFO wand 24. The
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spark ternmed an electric flame off (EFO from an EFO
wand 24. Thespark nelts the end of the wire, which, in

WO w05/05282ns into a ball 19 when nelted, as shPURUB2004/039676

Figure 1B. The clanps 18 are closed during EFO in
ord rovide _a current return path through the
§Paﬁ~'~d@e§ﬁ § RBH CAENE WiENnW hicho IBiUTBAOTHE 3 Dalb 1 athen
itself in the capillary tip. The capillary is then

melted, as shoposnthigureatiy dhelotarbps d SErd clsenf durireg BFO in
15, as shown in Figure 1C. [003] The capillary is then

BRYIER o PRuvIve aduramttrbturh Path ﬂﬂ‘@@ [thd tla ¥ fHeMdarehe
initial acceleration of the capi Iary and then are

Bhaned i UIdNInEBaR e Sak Aith hogaRaH) b %é&?smn s

remal NS Sea

b "elad S8 pPasip rbahavn%ﬁ@t 4 7% T8tihe g5 34 gown in

contact with the bond pad 13 on the die 15 with the
CiguredGsti || open, as shown in Figure . Heat and/or
ultrasonic energy are applied to the die to cause the

bal | {e03]eTRERAPARMR 1ti© tHeitmdRed deathwardly \ﬁltﬂi’ﬂ’fl_éjclamps 18

typi caIIy is termed a ball bond or first bond

P4 4108 ST RS

the top of e ball bond, as shovvn gure 1E. Next
fiHFiRg ﬁﬁée@r%t#ﬁjbf’é%‘@rpawll%y saphat tBP;bQ"ST GM%S?WG lﬁbﬁ'"ﬁ the
predeterm ned | ooping notion with the wire (which is
sloivinward mmatioineaf the dalpédlaonl The clahpatient open just befare difie ball
the capillary to a position generally near and above

tbatadcaathel batEpad 13. WHbaINe9 eamids!into/coratiwigh &k bond pad
above the lead finger 2 , the clanps 18 are cl osed, as
530 tHeHiE Sk e clamps 18 still open, as shown in Figure 1D. Heat
and/or ultrasonic energy are applied to the die to cause the ball to become
bonded to the bond pad 13. This bond typically is termed a ball bond or first
bond. The capillary 11 is then raised with the clamps 18 opened to pay out a
short length of wire that is still attached to the top of the ball bond, as shown
in Figure 1E. Next, with the clamps 18 open, the capillary 11 is moved
through a predetermined looping motion with the wire (which is still
connected to the ball bond) and trailing out of the capillary 11 to a position
generally near and above the lead finger 21. With the capillary 11 positioned
above the lead finger 21, the clamps 18 are closed, as shown in Figure 1F.
The capillary 11 is then lowered to pinch the wire between the capillary and

the surface of the lead finger 21, as shown in Figure 1G. Again, heat and/or

ultrasonic energy may be applied to bond the pinched portion of the wire to
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The capillary is then lowered to pinch the wire
between the capillary and the surface of the | ead

wo povgess281, as shown in Figure 1G Agai n, heatPEHusmn4/039676

ul trasonic energy may be applied to bond the pinched
portion of the wire tothe lead finger 2 . This hond |_?
the lead finger 2dc Thivhandis tsaser Blileh bondeorcsanepd kand. The
now opened again and the capillary is then raised with

chinpd 18 asé nblv @iérwd‘aghm @andHhe staplliahy 1o sl trenctaisddawith the
an additional wire "tail" 23 pays out of the

| {hidnachd thlth §f|fcﬁttﬁﬁ1d Sudhi B4k 8n Jdddutﬂh%l GlirRmes" @3epays

en cl osed and t(ﬁe capillary i1s raised further to

QF?BR hgqu\pnp L%%@”P%@%td hnﬁgaﬁaﬁg %Eeégéhpg\g?néé%tthon

22 is ternmed a wre loop and is illustrated in, Fi
clqsgdmgndathergapdlasyldtis r@lﬁ@d daphen taspapdh ﬁﬂv}@dt%#eééf ‘E’@
next bond pad on the die for commencing the wire
wezkesyppingaetsish isat thieestitexboid fettagiad. diet¢amplieted The
wre tail 23 that remains protruding fromthe tip of

*cBﬁnééﬁari télwte%bara wire |§@@ahus¢ musﬁétetihﬁ Hi Egm@mi on of

the preceding wire loop will be nelted O as

CommoitioHy AR ARt %ab@ﬁﬁ% Raralef be ?ﬁ*#e "3 bond pad on

above-descri bed conventional forward ball bondi pg B

e Hig 45 érn eommencingdhe y¥relooRIY Preegpe fyithe next bond pad on
However, it has limtations. Mdst notably, the m ninal

lthe plieh eTlgéleestan @3rthbt seroaias ptSiBuding froms the tio pf the capillary
is defined as the maxi nrum hei ght of the wire above the

bé?%ﬁj lﬁ cSNEILSI6R of e forn{eﬁi%ntcﬁ‘ﬁhé Wé(ﬁé‘cﬁng’@vnbhéob ibe melted

tenptl ng to achieve | ower | oop hei ght can cause

15 RS B T s PBE e e
I?\ee?(ltﬂtz)glrl]%omﬁ'\g c?peratlon The above-described conventional forward ball
bonding technique is fast, reliable, and inexpensive. However, it has
limitations. Most notably, the minimal loop height is normally over 150
microns. Loop height‘is defined as the maximum height of the wire above the
bonding surface, e.g., the top surface of the bond pad. Attempting to achieve
lower loop height can cause neck damage to the wire loop. The neck is the
portion of the wire loop directly adjacent to the ball bond. Reducing the loop
height below 150 microns tends to weaken or break the neck.

[005] There is an increasing demand for smaller and smaller
integrated circuit packaging. One of the significant aspects of reducing the
size of the integrated chip packaging is reducing its thickness or height. The

thinner packages are generally referred to in the trade as low profile
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hei ght bel ow 150 m crons tends to weaken or break the
neck. [005] There is an increasing demand for smaller

wapesesuBl er integrated circuit packagi ng. OnePCf/U$1964/039676

significant aspects of reducing the size of the

i nt egrated chi ackaaqi I§ red its thi sor
RBFERSS. The Rt Lk e dedife KyierDea e MGG oF B

in the trade as | ow profil epackages. Commensurate w t h
pheckags Isrtbetdesireda ceducrethedhejaht of thethighest ipeid of éhe mére
desire to reduce the height of the highest point of

dthsmunicH, de pranyhsiahces s taYimitig) st as tosthéheight of an
limting factor as to the height of an integrated

fﬁté{ji‘éit%d eﬁ\g&@ 06] n order to reduce |oop heights
or egrate cuit packagi ng and ot her purposes, a

wre | i ng t ni gue k as, reverse | popi.ng.was .
devel 48] | @ﬂﬁ%q FAEloRP e g5 drEBlaasalieh ol harkaging
because the highest point of the wire | oop is adjacent
ahd dihét plpodes,ia wineubapibg telelique keows \asr regetdecdooping was
| oopi ng process so as to nmake the first, ball bond on

degeloped. MrnBrehfise BehRK 1BVBRI |8bBihg agﬂnatah@cém the highest
second stitch bond on the bond pad of the die t

éuﬁresl b ¥ &di8keh e i nraa b%"l‘f‘ésntarﬁ reverse
E’e su # ﬂs‘: di'e ﬁ%(%]es

ace O nce, t pol nt

wire loop is nerth i ng, surface S
3R IFPiD PRGBS 3PS torap he“f@é%arfﬂm@wﬁ thesf%ﬁshfbame (or
reversing the direction of the | ooping process woul d
nﬂiermlegrgﬁ ng meke the second, stitahclhonsbaa the jond adiefdhe die

capillary to come in contact with the bondi ng surface
Peeabisstherawfaceofthdilead fued i lewer teirythe surface of the die.

Hence, the highest point of the wire loop is near the lower bonding surface,
thus reducing the overall height.

[007] However, simply reversing the direction of the looping process
would not be possible because, the stitch bond requires the capillary to come
in contact with the bonding surface. The bond pads on a die usually are very
small and, thus, it is difficult to make a stitch bond on a bond pad on a die
without the capillary contacting and, hence, damaging surrounding circuitry
on the die. Furthermore, the wire loops tends to sag to their lowest points
close to the stitch bond. Thus, if the stitch bond site is higher than the ball
bond site, the wire might contact the edge or the top surface of the die. This
could lead to electrical shorts or breakage of the wire.

[008] Thus, a reverse looping technique was developed, such as
ilustrated in Figures 2A through 2C, in which the first step is to form a ball

4
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small and, thus, it is difficult to nmake a stitch bond
on a bond pad on a die without the capillary

w@oemwsassng and, hence, danmagi ng surroundi ng CPCTUB1004/039676

on the die. Furthernore, the wire |oops tends to sag

[ S o the stitch bond. Th
bnd B8'dn IR herel Racf 2L B thR e BavsbRlalbam dosafivce
site, the wire mght contact the edge or the top
withsiandard tepbnigues foripeningliall hangs. thoweeen iristead of paying

shorts or breakage of the wire. [008] Thus, a reverse

bubiplengire 67 us woeldvises thdesaseosfest, making ths _biall Ibesidriataed
in Figures 2A through 2C, in which the first step is

ESnVeHtional Rﬁbvbi;cﬁbg) Iﬁ@ faéggra&gues?fhé &‘é%pitgé}gdr 1Pr§4a§éd°ﬂaet 8&mps

die 29 essenti rdance wt

W8GR 53R, aRf 10 FAbIENGS rrised d0iher B ER e R frogh the
the ball bond in a conventional forward | ooping
balt hand leavingjust Hhe balhpond forrRrgph25 pnetheltmmplspad 27, as

closed, and the capillary is raised further to snap

ﬂlbetraierdeind?igurferm Then kaad:dmpleteivrdireaud)piggjpredzessﬁe padformed
bond (or bunp) 25 on the bond pad 27, as illustrated

innthe! reveselhirectibni.&, FBAPInR! Kib¥rate {&m@ tr&}oobggefrﬁat% a

performed in the reverse direction, rom-t

S BRERDG 3Fda TR oS0 e e fessne?ﬂ Gy | i

i s then rroved through a series of notions to a
iesy mpyad delghtangeras aftmetiens oo gosition @hevedhe firgidall bond
desired wire | oop shape, as illustrated in Figure 2B.

Ib¢o createtthe desivedwirédoop shapepas tlostrateddh Ridperef2B.sThen, a
bal | bond (or bunp) 25. The conpleted wire loop is

siittH Yondt £3is Brhid %'hecoBGf th Ak bjén 'b%nﬂ%? bafp) 28P I THE:
process can provide | ow | oop hei ght
completed wire loop is illustrated in Figure 2C.

[009] This reverse looping process can provide low loop heights for
low profile packaging. However, it is a much slower process than forward
looping because it requires the formation of two ball bonds per loop.
Furthermore, the die must suffer greater impact because the capillary must
form a bond on the die twice per wire loop (i.e., once to create the first ball
bond and a second time to create the stitch bond on top of the ball bond).
Another limitation of reverse looping is that it often is the limiting factor on
how fine the pitch of the bond pads on the die. Particularly, the bump 25 on
top of the die bond pad must be large enough to provide support for a stitch

bond. In addition, the diameter of the bump will increase in the lateral

direction when the stitch bond is made on top of it.
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| ow profil e packagi ng. However, it is a nmuch sl ower
process than forward | oopi ng because it requires the

wo eoosmsizén of two ball bonds per | oop. Further P@F/ES20041€39676

die nust suffer greater inpact because the capillary

must forma bond on the die twice per wire |oop (i.e.,

once t P@eAceordingly; it isramabiecheithenrasentiaventipn forovide an
to create the stitch bond on top of the ball bond).

Amprioged Iwire loabi formafion metticceah@eppagatus. that it often

Is the Iirriting factor on how fine the pitch of the

bond '

o th‘éf"’éﬂé i ?ﬁ°ﬂ*§ i’t tpE e Fsént imEnfoilf pityidh b e
for ast ?p nad tion, the dlamater of
C%"nthl"H \é%ﬁ( 0‘1" qmee'g -eral direction when

the stitch bond is made on top of it.[010]

Accordingly, it is an object of the present invention

to provide an inproved wire | oop formati on net hod and

aSUMMARY QFOTHE INVENTION her obj ect of the present
invention to provide a wre |oop i nterconnect W th

very | o

accor oA i afSirehee BN Il MR B ks britpg e
dj e bond pad by formng a ball bond thereon Then,
weendpad éw@rmﬁy 2 P@llﬂone thergon: tiham aithoghpevesjngthe wire
the capillary undergoes a set of coordinated xyz

mand with the dlarnps openytheecapillarpundérddes daét ofoautdintehxyz
the wire is stitch bonded on top of the bunp w thout

bmbhggo Rf1d thé Wuteacbﬂ. topl&¥ tﬁe'b%llfUEHdOWﬁ%lpwgﬁgfréﬁ% Fﬁbh

set of coordinated xyz rmtl ons to bringt apl

%ﬁ@?d §ﬁ ?8 a%& ﬂgé;ggﬁ 121:;) rﬁ g{ogg %5%:%]&#96 oh“?ﬁg talf B fociltowed by a

further set of coordinated xyz motions to bring the capillary to the second

bond site (e.g., the lead frame or other substrate) and perform a second,
stitch bond on the substrate and then break off the tail to complete the
process.

[013] In accordance with one particular embodiment of the invention
for making the aforementioned wire fold, the ball bond is made and then the
capillary is raised in the z direction a designated height (herein termed the
.separation height). It is then moved horizontally (in the xy plane) a specified
distance in a direction generally away from the second bond location (herein
termed the fold offset distance). The capillary may or may not be raised
again in the z direction by another distance (herein termed the fold factor).
This is followed by another motion in the xy plane to generally bring the

capillary back to the top of the bump for formation of the aforementioned
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stitch bond on the substrate and then break off the
tail to conplete the process. [01 ] n accordance wth

wop®spsa28 cul ar enbodi ment of the invention foPCTEEI004039676

the aforenentioned wire fold, the ball bond is nade

and then the cagillary is raised in the z dir ction(P
stithdrandeon tap ghthe(ishpi M hiseisteen followashiy apeiier coordinated
height). t is then noved horizontally (in the xy
Ry2R®dtion BN thectapillrp te the locatich ofthte secaperzon $ite (e.g.,
away fromthe second bond | ocation (herein ternmed the

ol e 964 frhnfd) Sirte the sEBSn SfichltRif WikbeomagBY not e
rai sed again i'n the z direction by another distance
(herein terned the fold factor). This is followed by
another notion in the xy plane to generally bring the
capillary back to the top of the bunp for formation of
BRIEX DESGIIF| | i Bdg il DRAWINC op of the bunp. This

is then foll owed by another coordinated xyz notion to

bri ng [o%4] Figiresard thirougind| hrceleiatioroiewssillssticating therafeps
site Je.g on the | ead franme) where the second stitch

d wi | Lot
8P a Bard R g SRR O, PCe 1 1ot r at i ng
[ 0357 TEN5L Fialiek T Funydh 26 AR STeralin VBRI GRERL fBps of a

illustrating steps of a reverse | ooping operation.
[redéiseHogping dperatian.pi ct ori al el evati on view of a
folded wire | oop interconnect in accordance wth the

pr esef]1b1b]“4=a§mé3® is & Qlotbridli devatioh Viewafri folded wire loop
el evation” vi ew showi ng the vari ous

interconnect in accordance with the present invention.

[017] Figure 4 is a pictorial elevation view showing the various
components of the set of xyz motions involved in forming a folded bump in
accordance with the present invention.

[018] Figures 5A through 50 are elevation views illustrating the steps
of a folded forward looping operation in accordance with the present

invention.

[019] Figure 6 is a pictorial elevation view showing the various
components of the set of xyz motions involved in forming a folded bump in
accordance with particularly preferred exemplary embodiment of the

invention.

[020] Figure 7 is a side view of a bump and fold formed using the

exemplary parameters set forth in Figure 6.
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components of the set of xyz notions involved in
formng a fol ded bunp in accordance with the present

wo pwsensizen. [ 018] Figures 5A through 50 are el BUHUSZN4/039676

views illustrating the steps of a fgl dﬁd forward
| oopi ng .operation_in accordance with the present
i nvgnt PQ%'R Figuees BAANASR are sgamning @lecifonemisragiaphs of a
vi ew showi ng the various conponents of the set of xyz
neorinpleded toop preduced bétenforging thel Bespbdivi i Figure 7A.
accordance with particularly preferred exenplary
enbodi nent of the invention. [020] Figure 7 is a side
view of a bunp and fold formed using the exenplary

3 ‘:i“.. ot rl. ' iqure .6, [0 Fi gures 8A and

AILED DESCRIETION QF THE INVENTI of a conpl et ed

| oop produced after formng the bunp shown in Figure
7A. DHPR2] EFigpresdrie pRidmelevatioE pidiviaNTf @No|di2RiorwagLiwire
3 is a side elevation pictorial of a folded forward

viobp 450forméd ih atoBdahBe afgPthdasteSent ihlehtith. plfllﬁtﬁ?é‘d? Shoys an

invention. Figure 3 shows an integrated circu

i; i : : ' and .a | ea
AR S HelRingS s bb b8 5t B g%ﬁtl@‘?‘;e & alead
n.the bond. pad 53 and the | ead frame 55. The

oFBe sttt S Wb wite IAominierennest hepipeniibe bond pad 53
techni que of the present invention may be consi dered

tand theplend drame §5¢ driver alire daoméh isfasmediin laccefdameragith the
Figure 3, they are (1) a bunp 56, (2) a wire fold 57
gechmquefo(fgﬂ)r@ phesant ir@htian $hay: B8 cbAsiderst IPsbrApriéd five

unp 58,

general components. With reference to Figure 3, they are (1) a bump 56, (2)

a wire fold 57 on top of the bump, (3) a stitch bond on top of the bump 58, (4)
a wire loop 59 that interconnects the first and second bond sites, and (5)a
second stitch bond 60.

[023] The five general components described above may be formed
using a ball bonding machine.

[024] Figures 5A through 50 illustrate the position of the capillary of
the ball bonding machine and the condition of the wire at various stages of an
exemplary process for forming a folded forward wire loop in accordance with
one particular embodiment of the present invention. In the terminology used
in this specification, the vertical direction is termed the z direction and the
horizontal direction is termed the xy direction. The Figures in this application
are, of course, two dimensional so that all xy motions are illustrated as being

in the plane of the page and thus could be considered simply as one
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a wre loop 59 that interconnects the first and second
bond sites, and (5) a second stitch bond 60. [023] The

w0 pavs/osfeser al conponents descri bed above rmay beCT/082084039676

using a ball bondi ng machi ne. [024] Figures 5A through

50 illustrate the position of the capil|ary of the .
ginensionali MgvemenisabeaXPrihsatiehian ¥h BoWeyErfgcauge. in the
vari ous stages of an exenplary process for formng a

teal deotd, thevavi lobps ohaogiven die ate dahalepaiallal iergach other, all
particul ar enbodi mrent of the present invention. n the

!ﬁ%ml RRORAYMUSESe defihdd as S ehbliorfain tAB. madiing eotie ¢iadt

rection is terned the z direction and the hori zont al
dir ion is.te Lheatl T i Qur '
ERNECTsBR haudrERTER Cabfiaty ofp LER HofiRing Aachirtt g, e use
that all xy notions are il Justrated . bej.ng in the,
nen samer terinoiegyan i SAeGUicalon . b adaBAg: teverms vaiop! and
as onedi nensi onal novenents, i.e., x or y, rather than

hprizobtabaer mevelyaxeaplany hasedramthenasswmptianethat the top
| oops on a given die are not all parallel to each

QuP8ke otlhe Ut i8oRlentad hevizontally, hictefd tlyFid:aﬁfquYlot necessarily
nmotions in the nmachi ne code that controls the notion

f 1h [ f a.ball bondi hi ne. Thus,
%vgéxﬁiaﬁ%ﬁhb@é%ﬁ?wgﬁgéﬁ in this specification. n

it the t ti I hor | t el
excerpilBP8] A siown T Fiouse Shitd Bl RIE QogouTR SRS
of the die is oriented horizontally, which is typical, -

lpbcess begine withy theycapillany $1 @t the end af theapracegingleoping
[025] As shown in Figure 5A, the folded forward | oop

fgﬁbgﬁé \grm; (@é\gﬁﬁgﬁl ig%g;k%gdmg flofntBe Gapilidratrd abe thensnds
closed. The capillary is positioned in the vicinity of the bond pad 61 of the
die 63 and the associated lead finger 65 between which the next wire loop
interconnect is to be made.

[026] The wire is melted with the electric-flame-off 67 to cause the
end of it to melt. Upon melting, it inherently forms into a ball 72, as shown in
Figure 5B. The capillary is lowered and moved toward the bond pad 61, as
shown in Figure 5C. The capillary is then lowered to contact the ball 72
against the bond pad 61. Heat and/or ultrasonic energy is applied to bond
the ball to the bond pad. Figure 5D shows the process at this point, which
essentially is the end of the formation of the first portion of the folded forward
wire loop, i.e., the bump 56.

[027] Next, the capillary 11 rises with the clamps 18 open in order to

pay out a length of wire extending from the top of the bump 56. The distance
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process with a wire tail 23 extending fromthe
capillary and the clanps closed. The capillary is

w@omsnsased in the vicinity of the bond pad 61PCIf/US1964/039676

die 63 and the associated | ead finger 65 between which

the next wire |oop interconnect is to be made. [026] _
TABY fise fShevein Eimadithe sRBaEtonthaight Padds BUBtretec at 75 in
cause the end of it to nelt. Upon nelting, it

i higeredt IKighrer 5& shotvs the bapillaf2positiors bfianthissiepg Urife C%Pillary
5B. The capillary is | owered and noved toward the bon

ey TS 1R e K pler@ i RSt dlSSIcrEpe “_@énfg"iéghéﬁ%ﬁf“g
J i . on

5%'F$&¢°g"’t?ﬁé8£s3#'ahéi>§%'éﬁtseéb‘é&%e's%ﬁ@ﬁ%g@e@% gagh 80).
: . . : . .

+ Brstaléhih the ciegtion poerild plbvetay exaelh opmsiteribeverdrection

wire loop, i.e., the bunmp 56. [027] Next, the

ctoward dhg secerd bandsite 168. cTrengistamerofithisoydebtidn iasrein
out a length of wire extending fromthe top of the

bierpeBahe ThiE difset aRE9EhéWA n FigkPe Usat v, eyge PE'S@BH Jf e

separation height, and is illustrated at f |%yre

4 LQUr. ' Lfan ter this
e\ L A
first di.rection generally opposite the direction to

the s cl038E “borind nBaimbnts oTibe invantion, & Gerens e fold
t hrough 50). Preferably, the direction of the fold

orffast matione the capillayptbistraisedeagain Ginrthe tpositiveevairsttiohy a
second bond site 65. The distance of this xy notion is

e oot ok 0558 o) 55 PO e
Sbicabidrs Sﬂawhsatsfﬂmiéﬁ}ea.gHB%e%gr, in some applications of the
invention, a fold factor of zero will be adequate. Figure 5G shows the
position of the capillary and wire at this point in the process. The fold offset
and the fold factor control the amount of wire in the wire fold.

[029] The capillary 11 is then moved back toward the bump 56 to fold
the wire back over on top of itself to begin forming the wire fold on top of the
bump. Figure 5H shows the position of the capillary 11 and the condition of
the wire as the capillary is moving to form the fold. This last-mentioned
motion is herein termed the fold return motion as is illustrated at 78 in Figure
4. Preferably, the fold return motion is in the xy direction exactly opposite the
Xy direction of the fold offset motion. In those embodiments in which the fold
factor 77 is zero, the fold return motion preferably is a purely horizontal (i.e.,

Xy) motion. If the fold factor 77 was not zero, the fold return motion 78 may
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[028] n some enbodi ments of the invention, at the end
of the fold offset notion, the capillary is raised

W@o@s0528N the positive z direction) a short dPGL/EHIZNE4/039676

(herein terned the fold factor) to pay out additional

wire. The fold factor is shown at 77 in Figure 4.

' a negativare copmaneat taoresury theheapiltarg o trensameftaight that
factor of zero will be adequate. Figure 5G shows the

pitwds atrduring the ﬁaﬂlﬂbdd(ﬂtﬁ%’. Efflemtdge ftuinlitheRBbMNary b the

the process. The fold ofiset and the fold factor

95 ol MR Sh e 4 W by T

kgt '8 ortdSest Soms Bretemed Smodimegis af e invention,
shows the position of the capillary and the condition

ofs dissugped fugtharhelewpinel capjllarg returrisnig a beight etavethe
fold. This last-nentioned notion is herein termed the

f séphration heightt indacishe fold rétuni rijtiof 78 ma&§ intlulie SWdkitive
4. Preferably, the fold return notion is in the xy

LR 70 St ORRS b bRl R P Ry 77 was
' he fol t tiagn

fePer i OhncrtantiishEh{is bt witedple s fommed on i o the bymp 56

the fold factor 77 was not zero, the fold return .

nfeferablysexiayding in @disealiep stiregty aweyrframdhe seconaband site

the capillary to the sanme height that it was at during

t 6% bheldifferedce hetiemtie sesaration helyht bhd thapositivhyoftthe
the separation height at the end of the fold return

NEAPiMty EVEBRE of Hhe ﬁaléé Fetl) Ogﬁaﬁbﬁ% iggist?ﬁﬁr tefnb8%he blfhp

at | eaSt sone preferre ment s e 1 nvention,

8o RGBS, bR AR e i
r|§3rtel\J/|rorl]|s Y, 'i-r{ ggmé%mﬁgmggtgtiggg o? thpeoi%ivtei]t\i/gn, there will be no z
motion of the capillary between reaching the separation height and
completion of the wire fold and/or the fold factor and the z component of the
fold return motion will be exactly equal and opposite so that the bump height
will be zero.

[030] Furthermore, the horizontal component of the fold return motion
78 need not be the same distance as the fold offset motion. Depending on
the particular application, it may be desirable to return to a position for
purposes of performing the stitch bond at a position that is short of (as
illustrated by path 78a in Figure 4), exactly the same as (as illustrated by

path 78b in Figure 4), or long of (as illustrated by path 78c¢ in Figure 4) the

original xy coordinates of the capillary prior to the fold offset motion.
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(upward) or negative (downward) z conponent, even if
the fold factor 77 was zero. The inportant aspect is

wa bas/oss2ei re fold is formed on top of the bunpP&BUS2004/039676

preferably extending 4n a direction directly away from
t he se S bond site 65. The difference between the
separ afq?ﬁ' hBe derizan@l diitereres betweess theny eamdinates/ofithe
the end of the fold return notion 78 is herein terned

t bapibianyathiisgittint relativg to¢hexp pdsitionefehe dapmea WHen the bump
nunber. However, as noted previously, in sone

| Wk omhe s t%ﬂﬁe&ftrﬂ% FSidir l'i‘b'ﬂ@@i: ih H@r Wk)hcis Bfe Rl Feturn

m)tl on of the capl ary tween reac

co Ietlon of the
S HRRLBI e B SSTRmeRs R ERsmieR e e dfiset mtian and
n.notion wll be exactly equal and opposite so
ﬁ&%qfﬁ@n kAl sempangnt ofithe ol returromotioBo1f therxyreampomsnt of the
the horizontal conponent of the fold return notion 78

nieddiretotn metioh & 8satessdihanahe oldoffsee nictiort 7, thétold return
noti on. Dependi ng on the particular appli cation, it

NSifsdlgs FFESAER ds0a bSElﬁflg nb b}trpglsthle' Iﬁfl‘lzt)ﬂfe{l ‘&Bfrfb%%%ﬁt of the

of performng the stitc

exacht&f'} gﬁgg?gqgl&f&fi qh Hﬂgqa Id 8 %WBE?’EL}%SH‘Q feld return

or |aqng (as illustrated by path 78c in
E%Preﬁ%ntsﬁ iagi anaﬁgatwecwaera alf ke fgld pﬁ@et;mtuon di6yand
prlor to the fold offset notion.[031] The hori zont al
dheffeldenetienbootiereis hasethie santedky fleesharfzonbd) ArRinitlaéy, then
at this point relative to the xy position of the

ctapifbidareturnitifiet Rezdygnp was forned is terned the fold
return offset. n other words, the fold return offset

iofs ; tsge[ogbi If,gt:] tﬂgﬁej\cf & th Gl egdrﬁerﬂgt'lé)nn t 8 %%’Sfﬁg& |secof ?acqlng
the top of the bump 56 and pinching the wire between the tip of the capillary
11 and the bump, as shown in Figure 5I. At this point, the wire has been
pinched, but has not been severed. Also, at this point, the second of the five
aforementioned portions of the overall folded forward wire loop (i.e., the fold
57) is completed. The wire has not been severed since the beginning of the
process and the fold 57 is thus continuous with the bump 56.

[033] The wire is then stitch bonded to the top of the bump 56. Heat
and/or ultrasonic energy may be applied to facilitate bonding of the
compressed portion of the wire to the top of the bump 56. At this point, the

third of the five aforementioned portions of the overall loop (i.e., the first stitch

bond 58) is completed. Figure 5J shows the process at this point, which is
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the horizontal conponent of the fold return notion. f
the xy conponent of the fold return notion 78 is |ess

wao bans/osd2e2 f ol d of fset notion 76, the fol d ret ureT/o850846039676

IS represented as a positive nunber. f the horizontal
conponent of the fold return notion 78 is |onger than
t eeseriially 4he samernasition gsshewe in bigure & sinsedhe sepiliagy
represented as a negative nunber. f the fold offset

nypiaatly doesnmbt niwvef durithg stitoh bondinigon 78 have the sane
Xy (i.e., horizontal) magnitudes, then the fold return

of f set [§34]Z¢he caw@@ is/Mow Pr?ov%ﬂobﬁ/farcg H'ge %égéﬁg‘fr l?c%rﬁc{e Site

notion, the capillary is contacting

b 6_an i_nchin he wire between the tip, of the
HPugtnE aflepsRiile Xz hfuor i fesistd Wite 1opp shape
point, the wire has been pinched, but has not been

sdhe feurth ppgien oftthe pveralidpap) andéo pesitina ths capiliaryi akove the
af orenenti oned portions of the overall folded forward

véemridiognd site65. FigurbsI5K &7) 5LsshowmegsctitionEthel deillary 11

has not been severed since the beginning of the

Fe s Bl E s Gmidah o A7 MR i gs.

t f 56,. t and/or ultrasoni.c ener my .
e appl088 TS Rasrnalefod Shafon o beteRulalrinbiss Comprising
portion of the wire to the top of the bunp 56. At this
paistraight iy raetiordtowfard e Seoendibond sitet iHoveavepolypicaliy there is
of the overall loop (i.e., the first stitch bond 58)

| motionn eHeed dirBtipn ® ﬁdlf)ifbﬂﬂﬁhé QarenNbes aRd thé nidktpreferable
poi nt, which isessentially the sane position as shown

SIS 1 By I8 Nk ad et o BREFy L or g
ngl'\c/)%gsé&n%rvﬂret r&%ps’fgcgnc%n%%ﬂgug I\/\ﬁtﬁ the bump 56, fold 57, and stitch
bond 58 at the first bond site.

[036] Next, the capillary is lowered to pinch the wire between the
second bond surface 65 and the tip of the capillary 11 and the wire is stitch
bonded to the second bond site. Heat and/or ultrasonic energy may be
applied to facilitate bonding. At this point, the wire has been pinched, but has
not been fully severed, as shown in Figure 5M. The capillary 11 is then
raised with the clamps 18 still open and with the wire still attached to the
second stitch bond 60 such that a wire tail 69 pays out of the capillary 11.
Figure 5N illustrates the position of the capillary at this point in the process.
The clamps 18 are then closed and the capillary 11 is raised further to snap

the wire at the second stitch bond 60 as shown in Figure 50. The fifth
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through a set of coordinated xyz notions to formthe
desired wire | oop shape (the fourth portion of the

wo@r@sabi2sl oop) and to position the capillary aPOwES100€039676

second -bend .si.t € .65. ..Fi gures 5K and 5L show t he

position of the capillary 1 at two points along an

ordion af thetoveralt fobded foswarbwiredeer; ikerinesacendstitghoaaend 60,
The coordi nated xyz notion can be relatively sinple,
ROROWI confitlefedsanditighéntirg folded dorviarddoohin reeessnd coonkided.
site. However, typically there is notion in the z

dir ecflb%ﬂet g eg@éﬁ-. %ﬂb?ﬁé@@f e Burhp & di\r:étt% 5ngeMFect contact |

prefera e Wre has sti not been

severed since_ the beginning qf the process,_the wr
SEbis Sapillancui fBua fd AV o Redeidig gettirom
stitch bond 58 at the first bond site. [036] Next, the
wepch the wireexits ke §tstbongisiten Snasifigall, hewie pxitsihe first
second bond surface 65 and the tip of the capillary

doRdidie 39 ot ikt Sif hotcfor leneeea heighh ebsee tneldisosultfaziet e.
Heat and/or ultrasonic energy may be applied to

SO S R R BB P PP G, e g o
Fi SM_Th il LS _then. taj |

s trriech i mifate elrdSlehE vt el b ehéfiag ppe
the second stitch bond 60 such that a wire tail 69

$ét@s. out of the capiklary . Figure 5Nillustrates the

position of the capillary at this point in the

pr 0095[638]Thﬁwelhﬂmbﬁy puokbf faining thefuld thieorc typ of theyoump
is raised further to snap the wire at the second

14 S e o1, BN T oSy T g stmng
S S B35S0, e RRB cF Bhe o T4 R
generally elliptical in shape with its major axis in the xy plane and the wire
exits the end of the fold generally horizontally and generally pointing directly
toward the second bond site. This orientation is to be contrasted with the
generally straight upward orientation of the wire ‘as it exits the first bond site
in a conventional forward wire loop. Accordingly, the looping technique of the
present invention provides ultra-low loop heights because the wire exits the
ball bond site pointing horizontally rather than vertically upward.
[039] In addition, the impact to the die is reduced relative to

conventional reverse ball bonding because it does not perform a normal

second bond on top of the bump, as is the case with reverse looping. The

wire is only slightly compressed to form the loop and stitch bond on top of the
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[037] The main purposes of the bunp 56 are to prevent
direct contact of the capillary with the bond pad and

wo eosasee2 t he hei ght (z direction) from which P¢EUSZ0E039676

~&%i-ts.the first.bond.site. Specifically, the vvire
exits the first bond site so low that, if not

ball aa im Eigire 7AbineomparisandoA npaeal siitely bapd swﬂar totlﬁgure
starting the wire loop on top of a bunp, the wire | oop

98 48 mhieveidesiondisg.cont act the die surface
internediate the first and second bond sites. [038]

The pg 45" FuphePase ?)ftcﬁgé Béﬁ‘ﬁeteﬂ',‘?ué\@d%ﬁﬂﬂ@gﬁ%nﬂf

the bunpi s so he wire exits the first bond site

general ly horizontal | cond
Boreation el at'Yﬁi‘I%r%Yeéé‘?%ﬁE bQ“ %@3* ﬁiﬁaﬁ?’"‘&rﬁe ol d
is generally elliptical in sha e wth its major, axis
iconpiressed m@aqushadm@lamﬁe@y@ﬂ much B iR e EVersRWMIg d
generally horizontally and generally pointing directly
1esRg tédMigesond bond site. This orientation is to be
contrasted with the generally straight upward

or | enlt[ﬁhgo T w %oW'd @achihed §b5ﬁtr{)lib°d by hidtidaQdtshtrol

site nven |ona orvvar wire | oop.” Accordingly,
t he | oopi ng techni que, of ent invention

sostaragemaeing swdl SupukuBRE s Beyee e do pertpym the

the ball bond site pointing horizontally rather t
\rotéssaisl desepbed dier¢in3a dfommaalyl, the pircuit CPH?%@PS@O‘?‘QH
die is reduced relative to conventional reverse ball

Rﬂﬁ@'éé%d?ééﬁdé%ubh 0f protpampesd general porpuse coroputdr, a
op of the bunp, as is the case with reverse

R
@ﬁé&p&%éq@, éﬁ %%Yulzgt?orh éé)ecaﬁc mliegratedt ¢ c‘fﬂ, 8e any other known
digital processing means. If the circuitry comprises a computer, the invention
may reside largely, if not exclusively, in the software for programming the
computer to control the wire bonding machine to perform the processes
described herein.

[042] By optimizing the various motion components described in
connection with Figure 4, we can achieve desired shape with low loop height
and no neck damage. As an example, Figure 6 shows exemplary parameters
that were used to form the fold shown in Figure 7 and subsequently the loop
profile shown in Figures 8A and 8B. The first three motions (separation
height 75, fold offset 76 and fold factor 77) collectively determine the amount
of the wire in the fold and the shape of the fold. If these motions are too

large, a larger fold than desired may be formed. If these motions are too
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7B as in reverse bonding. [040] Further, finer pitches
can be achieved with the present invention relative to

w0 ewsosesbal | bondi ng because the bunp is not PCT/US2004/039676

conpressed and squi-shed out laterally as much as in

t he e wre |ogpin technlque [041] The wire

b%maf r@%@@?ﬁ%@om‘%gﬁm%oa t allbang, theonednregion ebihesyise eauld be
conprising control circuitry that can cause the

né@amageds o performthe processes described herein.
Commonly, the circuitry conprises a digital processing

devi ce[o43} W\@Shé\/@fdm%&mﬂi}b r%emaflﬁﬁﬁ%t%f)%@ﬁon

a digital signal processor, tate mac
m,Cr o ess
EphCa %ﬁg'gp%f@s%# %Eﬁﬁtiﬁégq%m@an % Wl diapieter (-1 aRput 1.01
no | processi ng neans. f the C|rCU|tr
@nﬁgﬁg@%@ ém?@mefﬁ%@qfw@ﬁ@mllﬁayras@ﬁw urthermore, the
largely, if not exclusively, in the software for

pfphbf‘a@tan shgutchke aquygitiver valoe c dmthiebxdrplevefr Righend, the
machi ne to performthe processes descri bed herein.

[ Sebdirafidh REIGhDTB1i99.5 hf, WY foﬂzuéffég%t%oi@ COMRPIFAY > fold factor

described in connection with Figure 4, we can ac

S RS O B T SRS I roper

RIBCURLIHEFS S0 ENR asH BF FFaushanAerees GomdbonAriaal before
8B. The first three notions (separation height 75,
ftbedolgfretien mMetiemds fstarts.f act or 77) col | ectivel y
det erm ne the anount :
[044] The fold return motion 78 determines the final shape of the
bump. In the particular machine we used, the fold return motion 78 is
specified by two parameters. Specifically, (1) the aforementioned fold return
offset parameter (which, along with the fold offset, dictates the horizontal
component of the fold return motion) and (2) the bump height (which, along
with the fold factor, dictates the vertical component of the return motion).
[045] To form a good fold with enough deformation to sustain the fold
without overly flattening the bump, bump height normally should be a
negative value (bump height being a vertical distance from the separation
height). In this example, the bump height is -1.25 mil and the separation
height is 1.5 mil. Thus, the final position of the capillary is about 0.25 mil
above the bump 56. This provides just enough flattening of the wire to form
thg fold without flattening the bump significantly. The fold return offset in this

example is 0.5 mil, which means that the final position of the capillary after
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of the wire in the fold and the shape of the fold. f
these notions are too large, a larger fold than

waelewsnstsnay be formed. f these notions are t oPSTEHE1004/839676

fold may not be forned at all and the neck regi on of

the wire could be da e 0¢ We have foynd throu
{eiold FRHILIOUAn e CXoekp i Mo AaK froam i cepoPthe
offset slightly larger than the wire dianeter (e.qg.,
buoy (avay fram.tB6 secomd bohd 6/).r dhesasettings enamir@mag the site of
excellent results. Furthernore, the fold factor should

fife 8titBR Yoht\88 iéaemteret dri@peaofan®lbaings 561 gure 7, the
separation height 75 is .5 ml, the fold offset 76 is

.3 m d . f i N , .
o OB TR bol A8 s S Rohel s v et
BRening laife . lebERDILe eraeiopaial satIPs e GReroe loop

starts. [044] The fold return notion 78 determ nes the
hiighit usngpthesé parameterp was 2.8enipai e cddmunuloeprieight was
used, the fold return notion 78 is specified by two

pas afiet ers. Specifically, (1) the aforenentioned fold
return of fset paraneter (which, along with the fold

of f se i n t i f ol

et ar 1048 PRI KSTPRIRET B Rl FATEIRF BpHighOfs & ufle
with the fold factor, dictates the vertical conmpqgnent
iventieny warigus aarations, medisgatinns; aReRPERYGINFYE Wilhreadily
enough deformation to sustain the fold w thout overly
baiit rthoge skitled imthe drdmSuchi ajterationsymaddificiiionsdnge a
negati ve val ue (bunp height being a vertical distance
frhpraVehterits %Q?gé'n%dé@bﬁ%% bythisdiScl6x@emre infehtel 4Be part

hel ght is - m | and the Separation
of this description though not expressly stated herein, and are intended to be
within the spirit and scope of the invention. Accordingly, the foregoing

description is by way of example only, and not limiting. The invention is

limited only as defined in the following claims and equivalents thereto.
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height is 1.5 m|. Thus, the final position of the

capillary is about 0.25 m| above the bunp 56. This
w@e@siostes2 | ust enough flattening of the wire tBCT/ORIM4/039676

the fold without flattening the bunp significantly.

The fold return offset in this exanple is 0.5 m|,

whi ch nmeans that the final @bAIMSon of the capillary

afterthe fold return notion 78 is offset 0.5 m |l

hovhaa98 cRlilgdfig-om t he center of the bunp (away from
the second bond 60). These settings ensure that the

oL 08, o bl BB 4 B30 MG gkl et

usi ng these paraneters,is shq in Figure 8. Over
i Site aés@p%ﬁeﬁ@rﬁ hend 5 @&n m%@owgm@mgom@ Hepyrf:
usi ng these paraneters was 2.3 ml. The maxi nrum | oop

hei ght (Yaalbbanding a Wiet i said firstgbaridulocatien to foeoh @ bligp on
particul ar enbodi nents of the invention, various

akhidrfirst Iboved I0vagibhi cations, and inprovenents wil |
readily occur to those skilled in the art. Such

macle. ofo AR~ 1o} OF i B S5 BATRERHS o3 (84t wire

made obVi ous sure are

part of this descrinption though not expressly stated
hgﬁléigrﬁowaoa?av'ﬁ\ﬁ%ﬂ@@ﬂ bpﬂgbe within the spirit and

scope of the invention. Accordingly, the foregoing
descri (3)i stitch bobgingesaidfold phwiterotupyof said bathbond,;
limting. The invention is limted only as defined in

t he fol4smiguelslyTBrmaing LAlte VGoEBbtvddtessit Qvifd-RdidvBnd said
What is clainmed is: . A nethod of forming a wire |oop

iQé{g(Sr‘r‘d)BBﬁﬁtsithéPf@en a first bond site and a second
on [

b site, sard nmethod conprising the steps of:

(5) stitch bonding said wire at said second bond site to terminate said

wire loop.

2. The method of claim 1 wherein said fold of wire is genefally

elliptical having a major axis extending horizontally.
3. The method of claim 2 wherein said fold of wire extends in a
direction substantially opposite of the direction from the first bond site to the

second bond site.

4, The method of claim 3 wherein the wire loop exits the top of the

ball bond substantially horizontally.
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() ball bonding a wwre to said first bond |location to
forma bunp on said first bond location; (2) formng a
wo odod/osf28ni re on top of said ball bond, said fpCTHUSI004/039676

wire being continuous with said ball bond; (3) stitch
bonding said fold of wire on top of said ball bond,

(4) cogt i nudbelmethodmfielpim lwvherein spichwiredeop ssiodmed vath a
fold and said second bond site; and (5) stitch bonding
sbaliibondiagahasiiing coanssthdoatidast 4 eapilatyesnd Ahefeif atdh (2
wre Ioop%J 2. The nethod ggf claim 1bv\h*gfééi n said foefbd( )

o&opgmgeg ég%?gegf} y elliptical having a major axis

ext Ing horizontally. 3. The nethod of claim2

wher ei id.fold of wire extends in irection

subst a&t'i%gﬁ'?ngﬁﬁ%gﬁ)wa%v%rﬁ%ﬁ&i"-‘?S@é’ﬁtgﬁq?ar”g?ﬂrlq?e first
bond site to the second bond site. 4. The met hod of

cl ai m &-dh@wering thecagillasy hedzontally swaldrane saist sedemd bond
bal | bond substantially horizontally.5. The nethod of
csite;rantl wherein said wire loop is forned with a ball
bondi ng machi ne conprising at |east a capillary and

e 108 GRSttt

the capillary verti
' capillary horizontally away from said
gﬁégﬁgnégﬁ% site; and
6. The method of claim 5 wherein step (2) further comprises the
steps of:

(2.4) raising the capillary between steps (2.2) and (2.3).

7. The method of claim 6 wherein step (2.3) includes moving said

capillary downwardly.

8. The method of claim 5 wherein step (2.3) comprises moving the
capillary horizontally a distance less than the horizontal distance traversed in

step (2.2).

9. The method of claim 1 wherein said first bond site is higher than

said second bond site.
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(2.3) nmoving the capillary horizontally in a direction
back toward said first bond site. 6. The nethod of

W@ b@sosaswherein step (2) further conprises t hRCHUSS4/039676
of: (2.4) raising the capillary between steps (2.2)
and (2.3). 7. The nethod of claim6 wherein step (2.3)
i ncl udde. no\'?hﬁ@%tbpd of glsiim) yvetiinvsais sy bosd sifeds on a
nmet hod of claim5 wherein step (2.3) conprises noving
t semivapdutiar dieand saitk sedondebaticséitnisaor &sabbitare éé‘rﬂ/mg said
hori zontal distance traversed in step (2.2). 9.

n@ém%ng{,ct@yaién 1 wherein said first bond site |s
hi gher than said second bond site.10. The net hod of

claim9 wherein said first bond site is on a

sem conductor die and said second bond site is on a
substrate carryi r(;]; sai d senm conductor die. . The o

net hod1bf clB¢ methof &f 6laimd wherein sfepc@vb) ¢eroprises isigg the
the capillary a distance slightly greater than a

deapittargra distanebdlightly grdater flae andidnostepbf shidiwiravher ei n
said distance in step (2.1) is about .5 tines said

di ameter of said wire. 13. The nmethod of claim®6
wherein step (2.2) conprises noving the capillary a

e i, e st B8R e PR G aee g 1 s

step (2.2) is e
about 1.5 times said diameter of said wire.

13.  The method of claim 6 wherein step (2.2) comprises moving the

capillary a distance slightly greater than a diameter of said wire.

14.  The method of claim 13 wherein said distance in step (2.2) is

about 1.3 times said diameter of said wire.

15.  The method of claim 14 wherein step (2.4) comprises raising

the capillary a vertical distance about equal to a diameter of said wire.

16.  The method of claim 6 wherein the distances in steps (2.1),
(2.4) and (2.2) are selected relative to each other and a diameter of said wire
so that, at the completion of step (2.2), said wire extends from said bump at

about a 30 degree angle from vertical.
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about .3 tinmes said dianeter of said wire. 15. The
nmet hod of claim 14 wherein step (2.4) conprises

WO 2008/05281 he capillary a vertical distance abopCT/Esead/039676
to a dianeter of said wire. 16. The nmethod of claim®6

wherei nt he_di stgnces.in,s 2.1), (2.4) and (2.2) .
are selbct el® Q%Q?Sé’f P@"’Q%‘ﬁﬁﬁéeﬁé Fz%’n&%} %grgp@t@%srlomermg
said wire so that, at the conpletion of step (2.2),

ssaid capillanea veriibal Histanasagréatertpania dislante of 3aidmgving in
angle fromvertical.. The nmethod of claim7 wherein

s¢tep (24)3) conprises lowering said capillary a

vertical distance greater than a distance of said

nmoving in step (2.4). 18. A wire | oop interconnect
between a first bond site and a second bond site

conpri si ng: . bal | bond aid first bond

| ocat i B (D) '%? %89dnf§f0%rle§?bﬁfs"\’%ﬁ:§‘ afirsthandisiie ang agecond
conprising wire continuous with said ball bond, said

flapnd 8ite gPMPriBidghg stitch bonded on top of said ball

bond; (3) a wire | oop between said fold of wire and

sai d s@g§ertshilisortl &f $aid figgtivbndi [b€aticep conprising wire
continuous with said fold of wire; and (4) a stitch

Pond  22) 3okt SRAPEEN R8P B ShichAIFb N BoMBsRBMirdbBftinuous

| oop. he wre Toop © al mwherern
wire is erally.elliptical havip j Qr axi s .
M ARG ity B Wi b s B Slar et said ba
wherein said fold of wire extends in
bond;

(3) a wire loop between said fold of wire and said second bond site,

said wire loop comprising wire continuous with said fold of wire; and

(4) a stitch bond at said second bond site terminating said wire loop.

19.  The wire loop of claim 18 wherein said fold of wire is generally

elliptical having a major axis extending horizontally.
20.  The wire loop of claim 19 wherein said fold of wire extends in
the horizontal direction in a direction substantially opposite of the direction

from the first bond site to the second bond site.

21.  The wire loop of claim 20 wherein the wire loop exits the top of

the ball bond substantially horizontally.
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the horizontal direction in a direction substantially
opposite of the direction fromthe first bond site to

wao bessseend bond site. . The wire | oop of cl ai PER0S2004/039676
wherein the wire |oop exits the top of the ball bond
substapti al | K hori zontal ly.22. The wire I_"ooB of claim
wher ei #-sai 4 Wirgxlogp 9 cleimel § wharein said firghbead gite is higher
second bond site. 23. The nethod of claim 22 wherein
sthiao aid secdnrhbosd sitei s on a seni conductor die and
sai d second bond site is on a substrate carrying said
sem conductor die. 24. A nmethod of forming a wire | oop
for a sem conductor electrical interconnection

conprig4q ng - I 0 all bond at a
Frrot Bhnd THE nRAE obbingh 22 BBt RaR S P Rte B ofa
wre, sgid wre bonding machine having a capillary; . i
(Ssmkcanavﬁt&f dig g 8Rid| segppd Pordr site isny subsicatetaaarying said
wire attached to said ball bond pays out of said
csginicbadyctof 8je.novi ng said capillary horizontally a

first distance in a first direction; (4) noving said
capillary in a second horizontal direction

substantially opposite said first horizontal

sai a a1 o B Riufing ealie Rid f erdfPiegRab B legtrcal
hond site spaced fromsaid first bond site; (7)
f'B{éﬂ‘FW%Ft'QB&%‘EPrﬁ"i‘Q $f6R8 %t sai d second bond site;
and (1) forming a ball bond at a first bond location using a wire bonding
machine 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) moving said capillary horizontally a first distance in a first direction;

(4) moving said capillary in a second horizontal direction substantially
opposite said first horizontal direction;

(5) forming a first stitch bond on top of said ball bond;

(6) moving said capillary to a second bond site spaced from said first
bond site;

(7) forming a second stitch bond at said second bond site; and

(8) severing said wire adjacent said second bond site.

25.  The method of claim 26 wherein said wire loop is formed with a

ball bonding machine comprising at least a capillary and wherein said first
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(8) severing said wire adjacent said second bond site.
25. The nethod of claim 26 wherein said wire loop is

wo orosmess282 t h a ball bondi ng machi ne conpri si ngPEL/UB®as039676
a capillary and wherein said firstdirection is
substantially away from said second bond site and said
directinh i substantially awaydsmmeidsesondhand siaaadsaid ageond
bond site. 26. A wire bondi ng machi ne conprising: a
eRBLiidmIs/sutistaniialydenandsaid sgsordibbod siteppl yi ng wire
through a bore in said capillary; a notion control
system for controlling notion of said capillary, said
notion control systemincluding circuitry for; (1)

f ' |1 d,. at ' : ocation; (2
fg:m -g aY"He Oon%,,f%m%ﬁf,{n%;&oﬁgﬁggp 'O(t:)gl : Ogont(j,)sai d

fold of wire being continuous with said ball bond; (3)
stitcla ¢apilang said fold of wire on top of said ball
bond; (4) continuously formng a wire | oop between
sai d i witefdallidegnsystern domsuppiying wie throughiat®re irsaidng
a stitch bond at said second bond site to term nate
z%ipﬂﬁ&.re | oop. 27. The wire bondi ng machi ne of claim
er'ein said circuitry for performng task (2)

conprises,circuit f j .sai Wi .
O PRl i P O FRIRG B 6t Bl VaplaP s
substantially opposite fromthe direction
motion control system including circuitry for;
(1) forming a ball bond at a first bond location;
(2) forming a fold of wire on top of said ball bond, said fold of
wire being continuous with said ball bond;
(3) stitch bonding said fold of wire on top of said ball bond;
(4) continuously forming a wire loop between said wire fold and

a second bond site; and

(5) forming a stitch bond at said second bond site to terminate

said wire loop.

27.  The wire bonding machine of claim 26 wherein said circuitry for
performing task (2) comprises circuitry for forming said fold of wire so that it
extends in the horizontal direction substantially opposite from the direction

from the first bond site to the second bond site.
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fromthe first bond site to the second bond site. 28.

The wi re bondi ng nmachi ne of claim27 wherein said
wa@poossi28y for performng task (3) causes the BET/ES1000089676

to exit the top of the ball bond substantially

horizontally. 29. The wire bondi ng machi ne of claim 27

wher ei 88sai %éhe witeubending snaqhéng of elaimy 27 aglkerelt) said circuitry for

conprises circuitry for: (2.1) raising the capillary

vpetforewihg Yasio@)eaubes tird Wirbdooh td 8xikihemp dfthé il bond

capillary horizontally away from said second bond

Sé ey (i ing the capillary horizontally in a

oSy o onE, 19 LG first bond o to 50 The

wi re bondi ng machine of claim?29 wherein said

circuitry for performng task (2.3) conprises

circuitry for noving the capillary horizontally a

di st and® | e5Re wirnbending sraching af Claine 2arwleeneimsaid sirguitry for

in step (2.2). 3 . The wire bondi ng machi ne of claim

3perfdrating tasiaf2) comgrigesrgircaitryfor:ses a di gi t al

processi ng device. 32. The wi re bondi ng nmachi ne of

claim ey j haJ rARRes e

comri@ggy%%mfgéﬂp%éﬁg&é‘gmut e?hgg) t\j%ﬂrng.’ss. A

comput readabl.e product for controlling a wre

bona ng HERVAG e EPHR, poakertig pdy ot e dehonddond

readabl e product conprising conmputer executable

i $1& @0t i ons for: (1) formng a ball bond at said

first bond location; (2) formng a fold of wire on top

of sai(@.dahbvingrite capilldry bbrdzamftaly inea direction back toward said

first bond site.
30. The wire bonding machine of claim 29 wherein said circuitry for
performing task (2.3) comprises circuitry for moving the capillary horizontally

a distance less than the horizontal distance traversed in step (2.2).

31.  The wire bonding machine of claim 30 wherein said circuitry

comprises a digital processing device.

32.  The wire bonding machine of claim 30 wherein said digital

processing device comprises a computer running computer software.
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bei ng continuous with said ball bond; (3) stitch and

tail bonding said fold of wire on top of said ball
whwd/05324) continuously formng a wire | oop beP@EER2004/039676

said wire fold and said second bond site; and (5)

formng a stitch bond at said second bond site to

t ermi ngiie saiapmputer ressiable3prodiict farmoptrottingraewitedianding

product of claim 33 wherein said conputer executable

| ARichiret éamprising af cipiliarg, sad dohplutiedieadbbR HrRd8E6cSApAsing
fold of wire to be generally elliptical with a major

a&'ﬁ‘ﬁgﬁg'%?‘gléﬁ‘%.b%@ﬁﬁ%ﬁﬂé ¥%r: 35 The conputer readable

pro erel n said computer executable

i nstrugtions. for formng said fold W.re causes said
fol d o& \Piaing & '@JF éﬂ'&d %B??'Q%H?fa@‘?'lﬂp{oﬁago'&i rection
substantially opposite of the direction fromthe first
bond s{d)doinaing igefolbebwiressriopsifisaid Ball bone, saidfeld@f wire

readabl e product of claim 35 wherein said conputer

eleingtcaptinuouns with aslaidball bondf orm ng said stitch bond
forns saidstitch bond so that said wire |oop exits

from tg&? éslﬁ@ é@#dﬂ%@ﬂigh%gsﬂ%ﬁwﬁh@gp@a% %t said ball bond;

hori zo onputer read

claim wherei n sai d.conput er executabl e.instr i ons .
For 1 ofthehgiadpey Brinics Sk odbharinees cisiiiedpld afd Said
executabl e instructions for: (2.1) raising the
cSpranddpgnd; sitesiatwl | y above the ball bond; (2.2) noving
the capillary horizontally away from said second bond

(5) forming a stitch bond at said second bond site to terminate said

wire loop.

34. The computer readable product of claim 33 wherein said
computer executable instructions for forming said fold of wire causes said fold

of wire to be generally elliptical with a major axis extending horizontally.

35.  The computer readable product of claim 34 wherein said
computer executable instructions for forming said fold of wire causes said fold
of wire to extend horizontally in a direction substantially opposite of the

direction from the first bond site to the second bond site.

36. The computer readable product of claim 35 wherein said

computer executable instructions for forming said stitch bond forms said
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site; and (2.3) noving the capillary horizontally in a
direction back toward said first bond site.

WO 2005/055282 PCT/US2004/039676

stitch bond so that said wire loop exits from the top of the ball bond

substantially horizontally.

37. The computer readable product of claim 36 wherein said
computer executable instructions for forming said fold of wire comprises
Acomputer executable instructions for:

\(2.1) raising the capillary vertically above the ball bond;

(2.2) mbving the capillary horizontally away from said second bond
site; and

(2.3) moving the capillary horizontally in a direction back toward said

first bond site.
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