LOW LOOP HEIGHT BALL BONDING METHOD AND APPARATUS
FIELD OF THE INVENTION [0001] The invention pertains to wire bonding
on semiconductor devices. BACKGROUND OF THE INVENTION [0002]
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current return path through the clamps and then are opened to allow the ball to
seat itself in the capillary tip. The capillary 11 is then moved to a position above

the bond pad 13 of the die 15, as shown in FIG. 1C.

[0003] The capillary 11 is then moved downwardly with the clamps 18 still open
during the initial acceleration of the capillary and then are closed during
deceleration of the capillary so that the ball remains seated during the downward
motion of the capillary. The clamps then open just before the ball contacts the
bond pad 13. The ball 19 comes into contact with the bond pad 13 on the die 15
with the clamps 18 still open, as shown in FIG. 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 capifiary 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 FIG. 1E. Next, with the clamps



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 FIG. 1E. Next, with
the clamps 1 18 open, the capillary 11 is moved through a predetermined
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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.

[0005] 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 packages. Commensurate with the
desire to reduce the height of the package is the desire to reduce the height of
the highest point of the wire loops, which, in many instances, is the limiting factor

as to the height of an integrated circuit package.

[0006] In order to reduce ioop heights for integrated circuit packaging and other

purposes, a wire looping technique known as reverse looping was developed. The



generally referred to in the trade as low profile packages. Commensurate
with the desire to reduce the height of the package is the desire to reduce
the height of the highest point of the wire loops, which, in many instances,
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ire. \L 008] Thus, a reverse looping technique was developed, such as
ustraied in FIGS. 2A through 2C, in which the first step is to form a ball
bond 25 on top of the bond pad 27 on the die 29 essentially in
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raised, the clamps 18 are closed, and the capillary is raised further to
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byrotibAS @é%mmhp@ﬁ@é #reillustrated in FIG. 2A, Then a complete wire
fooping process is performed in the reverse direction, i.e., from the substrate to

the bond pad. That is, a second ball bond 37 is then formed on the lead frame 39,
the capillary 11 is then moved through a series of motions to a position above the
first ball bond 25 to create the desired wire loop shape, as illustrated in FIG. 2B.
Then, a bond 43 is formed on top of the first bali bond (or bump) 25, The
completed wire loop is illustrated in FIG. 2C.

[0009] 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
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.



first ball bond 25 to create the desired wire loop shape, as illustrated in
FIG. 2B. Then, a bond 43 is formed on top of the first ball bond (or bump)
25. The completed wire loop is illustrated in FIG. 2C. [0009] This reverse
looping process can provide low loop heights for low profile packaging.
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designated height (herein termed the separation height). It is then moved
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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 piane to generally bring the capillary back to the top of the
bump for formation of the aforementioned bond on top of the bump. This is then
followed by another coordinated xyz motion to bring the capillary to the location
of the second bond site (e.g., on the lead frame) where the stitch bond will be

made.

[0013a] In one aspect, the present invention provides a method of forming a wire
loop interconnect between a first bond site and a second bond site using a
capillary of a wire bonding machine, the method comprising the steps of: {1)
bonding a wire to the first bond site to form a bump on the first bond site; (2)
forming a fold of wire continuous with the bump, step {2) including in order (2.1)

raising the capillary above the bump formed on the first bond site a distance
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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 bond on top of the
bump. This is then followed by another coordinated xyz motion to bring
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BRIEF DESCRIPTION OF THE DRAWINGS

[0014] FIGS. 1A through 11 are elevation views illustrating the steps of a

conventional forward looping operation.

[0015] FIGS. 2A through 2C are elevation views illustrating steps of a reverse

looping operation.
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whereby the wire loop formed in steps (1) through (8) has a loop height
less than or equal to 2.5 mils. BRIEF DESCRIPTION OF THE
DRAWINGS [0014] FIGS. 1A through 11 are elevation views illustrating

[0BectRRS.Of R &%%SHHPQI%R/BHM\(@%W%?'QQ&?&S&%H@ 0t S e in

through 2C are elevation views |IIustrat|ng steps of a reverse looping
a%“ﬁé#%?&ﬁ LB RS $EYSiBtorial elevation view of a folded wire
loop interconnect in accordance with the present invention. [0017] FIG. 4
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setyaf mptiansinvolued adonming adoidedieurppripascardRnsacwimithene
m@gqh%\ﬁthon [0018] FIGS. 5A through 50 are elevation views
|Ilustrat|ng the steps of a folded forward looping operation in accordance

|nvent| 0019] FIG. 6 is a pictarial elevation view
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exemplary embodiment of the invention. [0020] FIG. 7 is a side view of a
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completed loop produced after formlng the bump shown in FIG
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elevation pictorial of a folded forward wire loop 45 formed in accordance
[QRRAkIREprédeat sirevisshoRG U BRIWS el fivrenediedierdhit eienmlary

pangieiag adoaepael 813 0. its top surface and a lead frame substrate 55
with a wire loop interconnect between the bond pad 53 and the lead
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present mventlon maﬁ/ be considered to comprise five general
pr@ r‘h‘f?éjn%fﬁ@ R AR REE PSPRYN B! tHEY 4fs (1) a bump 56, (2) a wire
fold 57 on top of the bump, (3) a bond on top of the bump 58, (4) a wire

loop 59 that intefdolHEER S fifPaHarsEtohdEBONVENTEINand (5) a stitch

bond 60 at the second bond site. [0023] The five general components
[Qde2driied Almvesidraybeativmpidtasinigppf bélded forward wire loop 45 formed

in accordance with the present invention, FIG. 3 shows an integrated circuit die
51 including a bond pad 53 on its top surface and a lead frame substrate 55 with
a wire loop interconnect between the bond pad 53 and the lead frame 55. The
wire loop 45 is formed in accordance with the technique of the present invention
may be considered to comprise five general components. With reference to FIG.
3, they are (1) a bump 56, (2) a wire fold 57 on top of the bump, (3) a bond on
top of the bump 58, (4) a wire loop 59 that interconnects the first and second
bond sites, and (5) a stitch bond 60 at the second bond site,

[0023] The five general components described above may be formed using a ball

bonding machine.

[0024] FIGS. 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
enfbodiment 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,



bonding machine. [0024] FIGS. 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
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5B. The capillary is lowered and moved toward the Fp
o lRah FIGUSE & PCEeRaly To BiElelPpaaher (o d 5o The
ceggidnsithevibond pad By etbaiwand ddreultradarid éneegysisoappilieHita Bandhe

céBfﬁJ??”iéQﬂBﬁ RARAg, Edﬁaé%éfpawsﬂbsgg ASEERALINIS PO aWhL.CJ}
3?§fen1t§;€éls the end of the formation of the Tirst portion of the foI ed

IS, TeblRthBEOEY RekianBs %%R?‘ilFF@eéD
shoiis the olaress &8 tﬁpfenqmbrdlarcmqmymmih ik bytleof wirehexttenditign of

tHEQIRsENR FaBPb R DR PR ATBRidigtaNes T this disedisnipeegin termed the
separation height, and is illustrated at 75 in FIG. 4. FIG. 5E shows the

{(ﬁﬁg'ilng[e,oﬁ‘\g%]ﬂ& SR}H‘% ?E%@ VIIG? t%%pélllmpylg]ggem%vg?d@r (s} p out a
tength of wire extending from the top of the bump 56, The distance of this rise is
herein termed the separation height, and is illustrated at 75 in FIG. 4, FIG. 5E
shows the capillary position after this step. The capillary 11 then moves in the xy
plane in a first direction generally opposite the direction to the second bond site
65 (to the left in FIGS. 5A through 50). Preferably, the direction of the fold offset
is exactly opposite the xy direction toward the second bond site 65, however, it
can be in any direction. In fact, there may be cases in which it is zero, The
distance of this xy motion is herein termed the fold offset and is shown in FIG. 4
at 76. The position of the capillary after the fold offset motion is shown in FIG.
5F.

[0028] In some embodiments of the invention, at the end of the fold offset
motion, the capillary 11 is raised again (in the positive z direction) a short

distance (herein termed the fold factor) to pay out additional wire. The fold factor



plane in a first direction generally opposite the direction to the second
bond site 65 (to the left in FIGS. 5A through 50). Preferably, the direction
of the fold offset is exactly opposite the xy direction toward the second

isRPRd SitR 65 hewever, HBMP%A%&% %EREQHoH% {3 NRIR MRAN, baefold

cases.in which it is zero. The_distance of this xy motion is herein termed
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arembedments; ot theiryagtion, at the end of the fold offset motion, the
capillary 11 is raised again (in the positive z direction) a short distance

[dgﬁ?%@@g@ﬁaﬁhyelf@q tﬂgwrme%axa%wt%%%%% Wilgo': %0#%@95%%9 re

isshownat77inF However, in some ap IC&tIOﬂS O e invention,

baskdOYRERR EPzerdteslf Be %‘??éﬁﬁ%‘i@‘”l’!ﬂéh%@'%% ?ﬁé%gﬁ.ﬁwm FIG=
Sigapidtasytaaconitieratthilsepaipiianthel pnocess. chineifald offset and: thetfeld

cdpetas GontiR)i the: AmRHRh et etRithg ke fald Q02 xERe LARILAN dned

|s }hen moved back toward the bump 56 to fold the wire back over on top
th ?édeﬁefé“iﬂ‘ea}ﬂ%?n?ﬁw&ﬂ BS\F\Fﬁ&ef'oFé 6 185 1 e BEHGH tl’—lYGthgl-P%B%’ém
miepasitiothefthdicagsittargxbttanoppesicetitisn dfrtebionire’ dlsalield offset

meaBHlary i8d0e\unbiaifaeming (oiknTtHe I@ﬁi-meﬁ&wg RQHORHIS RIS urn
e%med ggraftﬂld geturlr} e 0 orglgsnts il ustrat '8in t% Pr fetrab%

B R TSGR Rt oN S Y ) Al o B DN Bp ol Bid @rtor 77 was

nofigsctorheffthe reld r@ﬂ%@tiqﬂo‘tﬂ)ma\ﬁ s deebe@iitienEscipmpsictnthie fisltiirn

thi@etpilahisdene, JaedoidigpittRaimoias prefesably A paieldanigabse

eg%ms%mo“ ”raY'f thﬁq‘?%"ef%‘%%{o?h‘é‘faﬁ NPLEErO, cg] i< fold ‘?&%&{{‘QR%‘%Qnon
may |nc negative Z compone O return the Capl ary | (0)

Hayfys héhiTHatip RRUHEMRN th&batth bhainigaelithrip easefeesins the

eradpillatyrit thretse paraiinon eig Aisat:faeenaabing:fold, relkicapneiioneturns to
a H&%{% oL disHg E‘é’é%ﬁ%'ﬁ%ﬁﬂﬂ%' f&%c{? 448 %é?ﬁ’%t rﬁf%rﬁa
d IsC further belo

iments of the invention, as usse w, the caplll X
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that a wire fold is formed on top of the bump referably extending in a
SR iR AR o R MBS B D OB RIS AR o
thbetwpdiéaritted Separationtheifyiid aeidhtherpositiciBo$ herein termed the bump

height. It may be a positive or a negative number. However, as noted previousiy,
in some implementations of the invention, 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.

[0030] 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 pesition for purposes of performing
the bond at a position that is short of (as illustrated by path 78a in FIG. 4),
exactly the same as (as illustrated by path 78b in FIG. 4), or long of (as
illustrated by path 78c in FIG. 4) the original xy coordinates of the capillary prior

to the fold offset motion.



the capillary at the end of the fold return motion 78 is herein termed the
bump height. It may be a positive or a negative number. However, as
noted previously, in some implementations of the invention, there will be
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completion of the wire fold and/or the fold factor and the z com[)onent 0
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there should be at least either a non-zero offset motion or a non-zero
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between the fold offset motion and the horizontal component of the fol
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offset is zero.

[0033] At the end of the fold return motion, the capillary is contacting the top of
the bump 56 and pinching the wire between the tip of the capillary 11 and the
bump, as shown in FIG, 5I. At this point, the wire has been pinched, but not
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. As the wire has
not been severed since the beginning of the process, the fold 57 is continuous
with the bump 56.

{0034] The wire is then 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. However, the bonding process need comprise nothing

more than simply pinching the wire between the tip of the capillary and the bali

without severing the wire. One may call this bond a stitch bond or a stitch-like



represented as a positive number. If the horizontal component of the fold
return motion 78 is longer than the fold offset motion 76, the fold return
offset is represented as a negative number. If the fold offset motion 76

b@mﬂ e Rl felJnetion: 18 Bave Lhe SemR P e: utp%%w)me five
9? nitudes, then the fold return offset is zero. [0033% At the end of the

ERHANGDHAGFIIAS LLPifaRYSLldReAtiMy 1ReEPE! ThecRthiRiash BiRy 52
sfrmmstﬂhg phecadseab ditveaarthemicbfithes sagiltdly the andhtheoditiompaashown

irshWVE s th. Ablisyeiplediig MuEs hasheen RinFhedohuhaot

severed. Also, at this point, the second of the five aforementioned portions
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bump 56. However, the bonding process need comprise nothing more
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without severing the wire. One may call this bond a stitch bond or a
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desired wire loop shape (the fourth portion of the overall loop) and to

[d@fﬁﬁi@&ihetﬁ@l&%'@i'fﬁﬁp%%&Fﬁ@ﬁ?\&@ﬂ%ﬂﬁ@?etﬁ@§tﬁé‘s%@gr@-bond
0 capl a oiNnts alo n ex ar
S e A e L S e A e

S%@ﬁ%écr@@aﬂwwgﬁﬁpr@/@mbrﬁﬁﬁglfa@m@hmy heotiopl iksivartedigate
b@eﬁagdhm sjtﬁnt_ll-l@NW% Bﬁ@%ﬂbﬁtbﬁiﬁa% rlrlﬂl'rt?ma@ ﬁb@bééﬂirﬁm@%%red,
form int st preferable,s Astew
Sn%r‘{‘é?f eg}r?s\,\éi\%rg SICI‘? é|ﬁ1 E]g m%mg 0 ?ﬁg I’?)P(?EES Ctﬁe (?\/lre% g@‘*“

angd wihtihaorisamth @réashﬁvpt%hfofalw L lﬁShﬁJSB thaha wise 5@h§9 pays
outiter {0O3FpiNext, ithertapiaryiistanwesedd@pinebhtbe twd edpstwges tes point
inscﬁgom&%QQThe clamps 18 are then closed and the capillary 11 is raised
further to snap the wire at the stitch bond 60 as shown in FIG. 50. The fifth
portion of the overall folded forward wire loop, i.e., the stitch bond 60, is now

completed and the entire folded forward looping process is concluded.

[0038] The main purposes of the bump 56 are to prevent direct contact of the
capillary with the bond pad and to raise the height (z direction) from which the
wire exits the first bond site. Specifically, the wire exits the first bond site at so
fow of an angle that, if not for the extra height above the die surface provided by
starting the wire loop on top of a bump, the wire loop 59 might otherwise contact

the die surface intermediate the first and second bond sites.

[0039] The primary purpose of forming the fold 57 on top of the bump is so that
the wire exits the first bond site generally horizontally and pointing toward the
second bond site, thus creating a low loop height. The fold is generally elliptical in

shape with its major axis in the xy plane and the wire exits the end of the fold



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
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top of the bump is so that the wire exits the first bond site generally
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orientation is to be contrasted with the generally straight upward
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bonding machine to perform the processes described herein,

[0043] By optimizing the various motion components described in connection
with FIG. 4, we can achieve desired shape with iow loop height and no neck
damage. As an example, FIG. 6 shows exemplary parameters that were used to
form the foid shown in FIG. 7 and subsequently the loop profile shown in FIGS.
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 small, a fold may not be formed at all and the

neck region of the wire could be damaged.

[0044] We have found through experimentation that a separation height and a
fold offset slightly larger than the wire diameter (e.g., about 1.01 to 1.55 times

the wire diameter) achieves excellent results. Furthermore, the fold factor should
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to reverse ball bonding because the bump is not compressed and
squished out laterally as much as in the reverse wire looping technique.
[0042] The wire bonding machine is controlled by motion control system
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known digital processing means. If the circuitry comprises a computer,
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programming the computer to control the wire bonding machine to
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saypecifically, (1) the aforementioned fold return offset parameter (which,
along with the fold offset, dictates the horizontal component of the fold

(OEAYErrOHAY) 1BBE &R Py RSIGhGUCR, B120g Yl Hag.{R!d fackR in
FIG. 8. Over multiple experimental samples, the average loop height using these

parameters was 2.3 mil. The maximum loop height was 2.5 mil,

[0048] Having thus described a few particular embodiments of the invention,
various alterations, modifications, and improvements wili readily occur to those
skilled in the art., Such alterations, madifications and improvements as are made
obvious by this disclosure are intended to be part 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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dictates the vertical component of the return motion). [0046] 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

CL&IMSie, 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 the fold

1. withéurrfethening therbuenp wigeifieantiptFree roig¢vehenstaesifithisbond

sitEXABReIS B i ISt MERRS o habifis ina¢ BARiebahHIRGARART e,

after the fold return motion 78 iS offset 0.5 "'mil horizontally from the center
thefiesnshfe (ARSI M@ R Ee8BEdHE bond 60). These settings ensure that
. the site of the bond 58 is centered on top of the bump 56. [0047] The wire
loop(resHking o™ RerdinaHeiResthsse daramelgtris showmnofm Bedirst
Over multiple experimental samples, the average loop height using these
pard8¥iFas 2.3 mil. The maximum loop height was 2.5 mil. [0048]
Having thus described a few particular embodiments of the invention,
varigug adteratigns foledifiedtions rantLicuerouemenishyith e agdiy gegur to

those skilled in the art. Such alterations, mogifications and improvements
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CLAIMR.s 1A Ssthed Phiormingiawikgdogp g:gt%%@n Hﬁﬁiehggweaq;ﬁrﬁy

bond site and a second bond site using a capillary of a wire"bonding
machff& tamarbins Ry @i enlrsteBest: ¥EF bonding a wire to the

first bond site to form a bump on the first bond site; (2) forming a fold of

wire epnipHa Wik the-dumposter R: MeHEinair pseelitg theafsiag the

capillary above the bump formed on the first bond site a distance

between 1.01 and 1.55 times the _
(4) continuously forming a wire loop between the top of the bump

and the second bond site; and

(5) bonding the wire at the second bond site to terminate the wire

loop, whereby the wire loop has a loop height less than or equal to

2.5 mils.
2. The method of claim 1 wherein the foid of wire is generally elliptical
in shape. ' '
3. The method of claim 1 wherein the wire loop exfts the top of the

bump after step (3) substantially horizontally.
4, The method of claim 1 wherein

step (2.3) includes moving the capillary horizontally back towards the first

bond site.
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diameter of the wire, (2.2) then moving the capillary horizontally away
from the second bond site a distance between 1.01 and 1.55 times the
diameter of the wire, and (2.3) then moving the capillary back toward the’
bump on the first bond site; (3) bonding the wire on top of the bump after
forming the fold; (4) continuously forming a wire loop between the top of

th t d ite; and (5 djng th ire.at t
5. secol IRBIFERE 5 AT Heoioty AAUIEDY e TR EopePs
ofloop height less than or equal to 2.5 mils. 2. The method of claim 1
éie. ethod of

hergin the fold of wire | liptical, T
i B e e e e BT ARe e ShC 2 (3

substantially horizontally. 4. The method of claim 1 wherein step (2.3)-

6.-i”C'Uﬁ$% g g E%?H%agyvtﬂﬁéi@ﬂtéﬂwgékéywaa thefiest ok site.

12 5. The method of claim 1 wherein step (2) fufther comprises the steps
cagfligr Peisivetstveapillary between steps (2.2) and (23). 6.- The method

of claim 5 wherein step (2.3) includes moving the capillary downwardly. 7.

The method of claim 1 wherein step (2.3) comprises moving the capillary

7-horizbhealy st A @aEBs ARSI Sz B ridd HtaMRY i sedndnm &ep

caBIBry oA ragthadindialade (byheiain the fitsthond st iamighes thaged
. the szgg&ibond site. 9. The method of claim 8 wherein the first bond site
insteR iconductor die and the second bond site is on a substrate
carrying the semiconductor die. 10. The method of claim 1 wherein the
8.dIStaI?‘ % 'Pn%tt oézoq’)c:'%i?rl?ﬂu%vherein the first bond site is higher than the

second bond site.

9. ‘The method of claim 8 wherein the first bond site is on a |
semiconductor die and the second bond site is on a substrate carrying the

semiconductor die.

10.  The method of claim 1 wherein the distance in step (2.1) is about

1.5 times the diameter of said wire.

11. " The method of claim 1 wherein the distance in step (2.2) is about

1.3 times the diameter of the wire.

12.  The method of claim 11 wherein step (2) further comprises the step
of 2.4 raising the Capiii_ary a vertical distance about equal to a diameter of
the wire between steps (2.2) and (2.3).

13. The method of claim 5 wherein the distances in steps (2.1}, {2.4)
and (2.2) are selected relative to each other and a diameter of the wire so
that, at the completion of step (2.2), the wire extends from the bump at

about a 30 degree angle from vertical.
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1.5 times the diameter of said wire. 11. The method of claim 1 wherein the
distance in step (2.2) is about 1.3 times the diameter of the wire. 12. The
method of claim 11 wherein step (2) further comprises the step of 2.4
raising the capillary a vertical distance about equal to a diameter of the

14vire hiedwaethsie s Qa2)raodvZeBeinl 3tdh e mejhoshob diis Bwdrdneirttbe
-distances in steps,(2.1), (2.4) &nd (2:2)are.selected relative to.each other
S Rt A AT DR

(2wiie extends from the bump at about a 30 degree angle from vertical. 13
14. The method of claim 6 wherein step (2.3) comprises lowering the
capillary a vertical distance greater than a distance of the moving in step

152.4)A1Bethamtfo ohiogringiselrendsy fosarsinitdndiutéletbdaital

| m%gp%r%%%%%wg&ﬂwgﬁioangéme&%s&f (1) forming a ball bond at a first

ond site using a wire ing machine with wire, the wire bonding
machine having a capillary; (2) raising the capillary a first height of

betweenforolinga bal hangsatha Giambasichp it Yeedsa on iR nFing
attacheddothe, RallANd RaYs RULEH R §FRBENNR & ANeTynovngGIRe) ;

capillary horizontally a first distance in a first direction, the first distance
bein%é))etween 1.01 and 1.55 times the diameter of the wire; (4) then
[

movitRy FRISARINER GA R YoRd FRSrReIRaE AtQaidrrunsheig 1-55

oppagitathe fratherzental evetive; {aifomang adenthendanoftthe hsll
‘bond; (6) moving the ggﬁg:?ir p; a second bond site which is spaced from
formi

the fPSN5oRRYSIBUEAS &itch bond at the second bond site; and
(8) severing the wire adjacent the second bond site, whereby the wire

loop {ginaeermstensd ththoapuhatd) hadzptaaliheigitstedisttrere dn enfiest
0 Z'Ec)[i?g:ll:%ion, the first distance being between 1.01 and 1.55 times the

diameter of the wire;

(4) then moving the capillary in a second horizontal direction

substantially opposite the first horizontal direction;
{5) forming a bond on top of the ball bond;

~ (6) moving the capillary to a second bond site which is spaced from
the first bond site;

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

(8) sevefing the wire adjacent the second bond site, whereby the
wire loop formed in steps (1) through (8) has a loop height less

than or equal to 2.5 mils.

16. The method of claim 15 wherein the first direction is substantially
away from the second bond site and the second direction is substantially

towérd the second bond site,
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16. The method of claim 15 wherein the first direction is substantially
away from the second bond site and the second direction is substantially
toward the second bond site: 14 LOW LOOP HEIGHT BALL BONDING
METHOD AND APPARATUS ABSTRACT In accordance with the
invention, a bump is formed on top of a die bond pad by forming a ball
bond there. Then, without severing the wire, the capillary undergoes a set
of coordinated motions to_fold the wire on top of the ball bond. The wire is

then borrttdtl RYGS 6 HE b SR WrASHPBYBHNG AREWAR. This

is then followed by a further set of coordinated xy motions to from the loop
and bring the capillary over the $#8h846HRd site (e.g., on the lead frame).
The wire is then stitch bonded to the second bond site and the tail

severkdatocoangte e th éheievedjpmtersompeis folmged e top of a die bond

pad by forming a ball bond there. Then, without severing the wire, the capillary

undergoes a set of coordinated motions to fold the wire on top of the ball bond,

The wire is then bonded on top of the ball bond bump without severing the wire.
This is then foliowed by a further set of coordinated xy motions to from the foop
and bring the capillary over the second bond site {e.g., on the tead frame). The

wire is then stitch bonded to the second bond site and the tail severed to

complete the wire loop interconnect,

Flgus_'e 3
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