-1- METHOD OF FORM NG LOWW RE LOOPS AND W RE LOOPS FORMED USI NG THE METHOD
5 Field of the Invention The invention relates to a nethod of formng wre

| oops between different bonding points on sem conductor devices, and in
particular, to the formation of wre logps with | ow height profiles. The

i nvention also relates to wire | oops 10 1f-or mabl e using the nethod. f1
Background and Prior Art During certain sem conductor assenbly processes,
sem conductor dice are 15 placed on a carrier such as a |eadfrane
substrate. Electrical connections in the formof wire bonds are then nade

between the dice and MEFHORIOF FORMING WGW WIREML.OGFS AND. Col d, al uni ni um
or copper W res are commnly used to maRe théase COﬂﬂGaIOHS Wre bonds are

formed at bondi ng sit MIRELQOP bl DHNYG Arn e | M) are t 0o be nmade,
typi caIIy using an ultrasonic 20 transducer to generate ultrasonic energy to
attach ?:n th refed froma capillary to the sem conductor device or
carrier? Afi Dhonds are made, the dice, wire | oops and

substrate are encapsul ated with a resin material to protect the sane. A
sem conduct or package is produced. 25 There is a continuing desire in the
semi conductTd'le imansionyrelated eloeh apethoel of sfmmhihgrw'madoom rbedewaeardiffenedﬂct or

packages. nce, | ai ned apoye, . the wre |o s shou |y
encapsul at &PNdiNG H@‘"?sr Ealseﬁ'ﬁ 101 JRYiges, @R‘Hé@@ Iﬁrhgohl‘% RBL?fd be

affected by, [’%‘Fmﬂfé AhSioRf hélﬁﬁt Wkéfﬁezlr 0Ot fn@@h%@r‘i Qisd PEIRA \rN'irB%

bondi ng. If hts of the wre [oops can Kept to a Omm rn t hen
t he thﬂOknéeﬂna!bletmmg theametlamckage can be correspondl ngly reduced. -2-
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Background and Prior Art

During certain semiconductor assembly processes, semiconductor dice are

15 placed on a carrier such as a leadframe substrate. Electrical connections in

the form of wire bonds are then made between the dice and substrate, or

between individual dice. Gold, aluminium or copper wires are commonly used

to make these connections. Wire bonds are formed at bonding sites where

the electrical connections are to be made, typically using an uitrasonic

20 transducer to generate ultrasonic energy to attach a length of wire fed from a
capillary to the semiconductor device or carrier. After these wire bonds are

{ } made, the dice, wire loops and substrate are encapsulated with a resin

material to protect the same. A semiconductor package is produced.

25 There is a continuing desire in the semiconductor industry to develop ever
smaller and thinner semiconductor packages. Since, as explained above, the
wire loops should be fully encapsulated in the final package, the thickness of
the package would be affected by the heights of the wire loops that are
formed during wire bonding. If the heights of the wire loops can be kept to a

30  minimum, then the thickness of the final package can be correspondingly

reduced.



Furthernore, there is a demand in the industry for sem conductor devices
with stacked dice. The advantage of having stacked dice is that stacked
dice incorporate nore silicon functionality by stacking nultiple dice into
a single package. This reduces overall sjize by elininating additional
packages on the 5 circuit board. Furtherore, it increases space savi ngs
whi | e enhanci ng electrlcal performance by reducing propagation tinme for

sanals Lo LIRS HEPDORBRMR HnBRkIGH roPSRRIEshAlRS: Abiou g ot o

density of s on a grven area e carrier,
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el ectrical connection to the carri.er, to 10 another die, several |ayers
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to formsw rérdutopdard.t hFURNefmo@) it nhcifedses space eevinygs wHilg eahancmgnunber
5,156, 323 ("Wre Bondi ng Met hod" ) seeks to forma lowwre |o

per f or ni ng elgeltiesk pedorreaeee dyamdusingrbroragationt témerrﬁmﬁgn@bf!prtfaveféﬁd by

cur i ci ont et o 4Pl " saERREcieB ko, dtBafer B B 1EERNG g 20
bondi ng poi élrrou.tén@ﬁ ke giveraamlacof thd/Baidreahdnwahancioadeleficncy W SiceBondi ng
Met hod”) which al so perforns successive reverse action notions over a first

bondi ng poi @&ch digdn the stackgvauldirequirs aareleﬁacalmqg@tl@n dmthe camer.rcapt@zou daI

F gure 0 o) S1@hEr HiRcSEterdy Y& s B SeSITRRRLT RORRARGL Y o or
aft, wire b@BdIdrlﬂa deitecfor Wity Ryvpsdo evbiledass lodnaspbisible  duteefdrhisor med
with wre fed out of a capillary at a first bonding point A The capillary

is then noWeeH.up by a certain distance to point B. Thereafter, the
capillary is noved

Thus, there is a desire in the semiconductor industry to seek to address this
15 need to form wire loops with low height profiles. For example, US patent
number 5,156,323 (“Wire Bonding Method”) seeks to form a low wire loop by
performing successive reverse action motions after making a first bond by
moving a capillary away from the second bonding point before feeding
sufficient wire to make a wire loop to connect the first bond to a second
20 bonding point. Another example is US patent number 5,961,029 (“Wire
Bonding Method”} which also performs successive reverse action motions
over a first bonding point, then forming a kink in an inclined portion of a
trapezoidal wire loop before connecting the first bond to a second bonding
point.
25
Figure 1(a) is a side view of a conventional loop motion profile of a prior art
wire bonding device employing reverse action motion. A bond is formed with
wire fed out of a capillary at a first bonding point A. The capillary is then
moved up by a certain distance to point B. Thereafter, the capillary is moved
30 in a direction away from the second bonding point G in a reverse action
motion to point C. The capillary is moved up by a further distance to point D,
before the capillary executes another reverse action motion to point E. The

capillary is then moved diagonally upwards to point F in a forward motion with



30 in a direction away fromthe second bonding point Gin a reverse action
notion to point C. The capillary is noved up by a further distance to point
D, before the capillary executes another reverse action notion to point E.
The capillary is then noved diagonally gwards to point Fin a forward
motion with -3- such an anmobunt of wre fedl"out as is necessary for formng a
wire loop to a second bonding point G Finally, the capillary is noved to

t he second ' | i [ (b) is
o top.vi ow ST A rBiter Srliepatk & RRERGsINfor ByffLa el R (D),
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point A through to second bonding point G essentially fornms a straight |ine
froma top W'Bt/\ﬁdﬂh?'ﬁé‘t@aﬁﬂqoﬂgrtip%dl'é MRY%1g t he aforesaid conventional

bondi ng nethod, the ability to decrease the |oop height of the wire is
limted by the weakness caused to the neck of the wre at the point where
the wiré& i sFigend 1iiowar dstop hdeweofoimeé domaintignpbloap, matidn grbéilehefathet saidhi ch
the wire is subjected. Sug_h Weak_ness_lj n the. nec i i's caused by

}f< of the w Tre
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Furthernore, it the neck is weakened, subsequent pulling of the wire during
the process of formng the second bond may al so potentially break the wire.

S R

“mprove rmn dops W i ght

p? of i | es asicopniveightiof the repisilivitedt by the weaknesgaialisedte the nduk afbibee
di sadvant ages of the prior art. Accordi n? to a first aspect of the
i nvention, wHeral the perdwhese the witenigpest towards the second bonding point, and

the heat to which the wire is subjected. Such weakness in the neck of the

wire is caused by the reverse motion of the capillary followed by pulling the
15  wire in an opposite direction by the forward motion. If the loop height is less

than 2.5 times of the wire diameter, the neck of the loop is at risk from

cracking, making the resulting connection unreliable or unstable.

Furthermore, if the neck is weakened, subsequent pulling of the wire during

the process of forming the second bond may also potentially break the wire.
20

Summary of the Invention

it is an object of the present invention to seek to provide an improved method
of forming wire loops with lower height profiles as compared to the prior art,

25 yet avoid some of the above disadvantages of the prior art.

According to a first aspect of the invention, there is provided a method of
bonding wire between first and second bonding points with a bonding tool,
comprising the steps of. forming a first bond at a first bonding point with the
30 bonding tool; moving the bonding tool away from the first bond by a first
distance; moving the bonding tool towards the first bonding point and coupling
the wire to the first bond; moving the bonding tool away from the first bond by a

second distance; forming a Kink in the wire; moving the bonding tool to extend a



bondi ng wire between first and second bonding points with a bondi ng tool,
conprising the steps of: formng a first bond at a first bonding point with
the 30 bonding tool; noving the bonding tool away fromthe first bond by a
first distance; noving the bonding tool‘fomards the first bondi ng point and
coupling the wire to the first bond; noving the bonding tool away fromthe
first bond by a second distance; forn1ng a kink in the wire; nmoving the
bondi ng t oddyffiGei&RatA cﬁwu‘é‘tosfblfrﬁ Iacwra@lodpem%eﬁ&hévrfseahe sbebnd aoi»w.hg | oop
between the first and second bonding points; and thereafter nDV|n%

bondi ng t odpoints; Bnd thereafier uavdng ghe bpRding dook ter theaseaanshbonsing pon A@cor di ng
to a secon% aspect of, the invention, there is provided a wire | oop

i ncl udi ng 81%%ﬁbr|3|ng a bal | - bonded base portion, a neck portion
I nt egrated mnth a top of the base portion and a wire extending fromthe neck
portion substantially transversely to an axis passing through the base
portiond arv@icadﬁélnge\‘@ka mcpnd raspect o€ the dvegtion, theraiis cpra\gge«gta wiiret loep

i nventi on, rels d a w.re |o re_bon co rising a
bal - bondednBReEd, 8 BrE Bond edpbhilifa o BRnoRiRY Bt Sortbhe a e BERBR' The
base porti qmégra]atea th%tfon Bf méjbé%tpbﬁrbrﬁaﬁétaamreaéhéndlhg&‘f&ﬁ%é%écﬂ an
axi s passing throu t he base portion and a bonding point of 15 the wire

bond, and ap(wtme S@uosmmiamg transversaly touan exisppassiog thioughahedbdase portiesni ent

here| nafter t scrl be the invention in greater detail by reference to the

-acconpanyi n ‘?Fé‘so Ph illustrate preferred enbodinents of the

i nventiqgn. The particularity of the drawings and the 20 rel ated description

i s not to be understood as superseding the generality of the broad

i dent i fi catAoeordingt tee a Huehtaspactaef m urmamtlby ﬁmefecisaprcmdﬁ BewirBeloopi pti on

of the Draw ngs.25 Exa met ho arﬂo s f.ormed in claccr(%rdance

wWith the i n\p@ﬁxpfr}gna wire ond compnsmg 3 bal onde portlon a curved portion
integrated with a side of the base portion which twists in a direction substantiaily
transverse to an axis passing through the base portion and a bonding point of

15  the wire bond, and a wire extending from the curved portion.

It would be convenient hereinafter to describe the invention in greater detail by
reference to the accompanying drawings which illustrate preferred
embodiments of the invention. The particularity of the drawings and the

20 related description is not to be understood as superseding the generality of
the broad identification of the invention as defined by the claims.

Brief Description of the Drawings

25 Example of methods and wire loops formed in accordance with the invention

will now be described with reference to the accompanying drawings, in which:

Figures 1(a) and 1(b) are side and top views respectively of a conventional

loop motion profile of a prior art wire bonding device employing reverse action
30  motion;

Figures 2(a) and 2(b) are side and top views respectively of a first preferred

embodiment of a loop motion profile of a wire bonding device employing a

wire bonding method according to the invention;



wi |l now be described with reference to the acconpanyi ng draw ngs, in which:
Figures 1(a) and 1(b) are side and top views respectively of a conventional

| oop notion profile of a prior art wire bondi ng device enpl oyi ng reverse
action 30 notion; Figures 2(a) and 2(b) ,are side and top views respectively
of a first preferred enbodinent of a | oop notion profile of a wire bonding
device enploying a wre bonding nethod according to the invention; -5-
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. Figure 7 illustrates perspective views of low wire loops formed using the

second preferred embodiment of the invention; and

Figure 8 illustrates a top view of a low wire loop formed using the second

15  preferred embodiment of the invention.

Detailed Description of the Preferred Embodiments

Figure 2(a) is a side view representation of a first preferred embodiment of a
20 loop motion profile of a wire bonding device employing a wire bonding method
according to the invention. Figures 3(a) to 3(j) are diagrammatic illustrations
showing the shapes of the bonding wire 12 at different positions of a bonding

tool during loop formation according to this first embodiment.

25 A bonding tool, such as a capillary 10, feeds bonding wire 12 to bond the wire
between a first bonding surface 14 and a second bonding surface 16. A
profile of a wire loop 18 that is formed between the bonding surfaces 14, 16 is
preferably as close as possible to the bonding surfaces 14, 16. A bond is first
made at first bonding point A, on the first bonding surface 14. The capillary

30 10 is then moved away from the first bond by a first distance. This may be
done moving the capillary 10 substantially vertically upwards by a certain

distance to point B4, and to point C; by a forward motion towards a second



tool during loop formation according to this first enbodinent. 25 A bondi ng
tool, such as a capillary 10, feeds bonding wire 12 to bond the wre

between a first bonding surface 14 and a second bondi ng surface 16. A
profile of a wire loop 18 that is formed_between the bonding surfaces 14, 16
Is preferably as close as possible to tfe bondi ng surfaces 14, 16. A bond
is first made at first bonding point A, on the first bonding surface 14.

The capil |l g | fr e ir-an{éq ; '
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upwar ds by tee bt 82.n  di stance to point Bl, and to point C by a forward

" nmotion towards a second -6- bonding point 11 on the second bondi ng surface
16. This latter notion bends the wire 12. Frompoint Cl, the capillary 10

J on bends  the wire CL, the capilar
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wire | ogp 18 poitadi.vahinmidion presteddneliwige pRiduwn, Spreferablyt dasuring #atal to
2.35 tines of the wire diameter. At paint D1, the ca{)i llary 1Q applies a
pr edet er mi te@ highast poirt ofl theakieeleor: A8 Tglatyette thedirst Pandipgrpintyis I88sipl e t he
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the capil | appliéd apredetawninedr force hnd ultsisobivnénbrgyaonts thed firgli Isdranee. | n

t hi s enmbodi nment, the,cagi | lary 10 noves substantially vertically upwards to
poi nt E1, &eWPlehthe wikeed?2 Ather anilantoraning do dbadirslgbped nt This cauUping ever se
action ti ' | :f:ap‘ﬁa | erforns a tw st

not i on1§?orﬁq§0%§§rg&%%é?h%@tnég%g%ﬂ:ég, I'n é gl epeegpég%#%g&ay fromthe second
bondi ng point 11 to a second position at point Gl, and thereafter fromthe

second position at POi nt G back to the first position at point F1. This
forms a kiAfterothal: the sapillans1Q meovgs away freme ke kst handt bk ra sesond gap

between tNgyicgRck IR ehbolindRt the 2aPMAA) 18 MUlEE SEBstihtialy vertically

upwards to point E4, and then moves away from the second bonding pointin a
15 reverse action motion to point F1. At point F4, the capillary 10 performs a twist

motion from a first position at point F4 in a direction away from the second

bonding point I+ to a second position at point G4, and thereafter from the

second position at point G, back to the first position at point F4. This forms a

kink 20 at a point of the wire 12 to ensure that there is a gap between the
20 looped wire 18 and the bonding surfaces 14, 186.

The capillary 10 is then raised to point H¢ to feed a sufficient length of wire 12
to complete a wire loop 18 to the second bonding point k. Finally, the
capillary 10 is moved down to the second bonding point |1 in order to form a

25 second bond.

Figure 2(b) is a top view of the loop motion profile of figure 2(a). It would be
observed that the motion of the capillary 10 from point A; through to point |4 is
generally in a straight line from a top view of the capillary 10.

30
Figure 4 illustrates perspective photographic views of low wire loops formed
using the first preferred embodiment of the invention. The wire bond of the
wire loop comprises a ball-bonded base portion 30, a neck portion 32



The capillary 10 is then raised to point H to feed a sufficient |ength of
wre 12 to conplete a wire loop 18 to the second bonding point 11. Finally,
the capillary 10 is noved down to the second bonding point 11 in order to
forma 25 second bond. Figure 2(b) is a-top view of the |oop notion profile
of figure 2(a). It would be observed t A4t the notion of the capillary 10
frompoint A through to point 11 is generally in a straight line froma
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t he base pgtats M@%\P?@‘ &lq’ﬁ IFE?HS’eEPPé%% Hgluaﬁlyg}ﬂ %’CV\Lﬁeﬂbrtlon
subst anti alghy w.f@l%EwbwhéQOe%f% base emw 30 esded Qeenaaﬁ@h@ﬂé&k on and
t he neck portion there is virtual no vertical rise in he wire

| oop abbve pantion 38 tofallowdhe aste portionci# taoexteeetr@esversband in the neck 5
“portion 32 to allowthe wire portion 34 to extend transversely. The | oop
base as such is not forned with a reverse action notion, and does not

contribute 1y baska8lsuBRGY rot 36Hned WRACK réVerek dcﬁoHSHéinéd( aithrass eri zed
by a lack of uniformty in the neck portion of a wire I'n the neck

portion 10rmoontnmﬁe\tmtm risk |of ineck sraclk el riackidrgok & l4$ual e:haasa&tepz)edu on 32

has a substantiall cross-section grea. Furth f und t hat

when a i aby aiads of ARk e iedCEhBa S MrellBpb." b sbe metReprcfon

hei ght 4gf as?'&fh?ﬁé vAiRe rtboﬁnumeﬁatedr%lﬁweral ahkVRetl pdHioh! sgtha45a bondi ng
90| nt, or bottom of the base portion, can be |ess than or equal .35

ti mes the divbstardiallpfunifoenwress-g¢action @aeans). Wien a di aneter of the wireis

approximately 1.0 ml| (25 mcrons), a height of a highest point on the wire
|l oop relative to first bonding point can be | ess than or equal to 2.08

times the Fyrther, it was found that when a diameter of the wire is approximately 0.8 mils
(20 microns), a height of a highest point on the wire loop relative to the first
15 bonding point, or bottom of the base portion, can be less than or equal to 2.35
times the diameter of the wire (47 microns). When a diameter of the wire is
approximately 1.0 mil (25 microns), a height of a highest point on the wire loop
relative to first bonding point can be less than or equal to 2.08 times the
diameter of the wire (52 microns).
20
Figure 5(a) is a side view representation of a second preferred embodiment of
a loop motion profile of a wire bonding device employing a wire bonding
method according to the invention. Figures 6(a) to 6(l) are diagrammatic
ilfustrations showing the shapes of the bonding wire 12 at different positions of

25 abonding tool during loop formation according to this second embodiment.

A capillary 10 feeds bonding wire 12 to bond the wire between a first bonding
surface 14 and a second bonding surface 16. A bond is first made at first
bonding point Az on the first bonding surface 14. Then, the capillary 10 is

30 moved away from the first bond by a first distance. In this embodiment, the
capillary is moved substantially vertically upwards by a certain distance to
point By, and is thereafter moved away from a second bonding point J, on the
second bonding surface 16 in a reverse action motion to point C..



di anmeter of the wire (52 mcrons). 20 Figure 5(a) is a side view

representation of a second preferred enbodi nent of
a wre bonding device enploying a wire bonding nethod according to the

Figures 6(a) to 6(1) are diagrgammatic illustrations show ng the
shapes of the bonding wire 12 at differen
during | oop formati on according to this second enbodi nent.
f eeds bondi pygfavabfy, 1Re trevéeadadtidd motien
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i nventi on.
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second bond| ng surface 16 in a reverse action notion to point C2. -8-
Pref er alfl y, damaged byrsiibsgauentforsaidonotien of tha eapilrytW.point C2 is | n a
curved notion, so as to bend the wire 12 in a curved trace outside a

verti cal

"to point
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15

20

25

30

energy to couple the wire 12 at the opening of the capillary to the first bond.

After that, the capillary 10 is moved away from the first bond by a second
distance. This may be done by moving the capillary 10 substantially vertically
upwards to point F», and then moving the capillary 10 away from the second
bonding point J2 in a reverse action motion to point G,. At point G, the
capillary 10 moves in a twist motion from a first position at point G, to a
second position at point H;, and then from the second position at point H,
back to the first position at point G,, so as to form a kink 20 at a point in the
wire loop 18. As in the previous embodiment, this kink helps to ensure that
there is a gap between the wire ioop 18 and the bonding surfaces 14, 16.

Thereafter, the capillary 10 is moved upwards to point I, to feed a sufficient
length of wire 12 to complete a wire loop 18. Finally, the capillary 10 is moved

down to the second bonding point J; in order to form a second bond.

Figure 5(b) is a top view of the loop motion profile of figure 5(a). From this
view, it can be observed that the capillary 10 follows a curved profile between
point Blz and point C,, and between point D; and point E;. These curved
motions contribute to avoiding neck crack.
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15 After that, the capillary 10 is noved away fromthe first bond by a
second distance. This may be done by noving the capillary 10 substantially
vertically wupwards to point F2, and then noving the capillary 10 away from
the second bonding point J2 in a reversg action notion to point G. At
point &, the 20 capillary 10 noves in a twist notion froma first position
at point G to a second position at point H2, and then fromthe second

posi tion atFigaen? iliistrates lperspddtice fphotdgraphid viewsasf low wireGdopsdoaned o form
a kink 20 at a ?Oi nt inthe wre loop 18. As in the previ ous enbodi nent,
this kink Hsingthe sepend prefesed embpdinmentoige bwenbian (e Wikeebead®f 18 and
t he bondin : : )¢ t PiA | Ar ' Y

upwar ds t qu%iLbPl'[-éa%%ﬁ)t éé?‘é’i‘ge%?agﬂgﬁ]?’:?@%@ ed’qseen%l?rktlﬁgfdé/\’/i ar?lec)ai‘%%l gag@p&e‘t e a
wire | oop Jgtegratedl With tahaidepif ftise ybdsk iportion edrhichowwists inhe streetidn bondi ng
point J2 in order to forma second bond. 30 Figure 5(b) is a top view of the

| oop nobi orfYbstANtialdy srneyeisedosnugxis pasaingihaudh thebase PeRIPNE0 9pddRGed t hat
the capill gy t}érhcii&'pgm, %%qggwiggﬂﬁ&éﬂﬁng%%ﬁ% rr%@&ggffo%ﬁﬂé H‘He?%OCZ’

and between poi ese curved contribute

avoi di ng ndghowertidal ris@ of thgwie abovd thetbagegsotionsi®ect i ve phot ogr aphi ¢ vi ews
of lowwre |oops fornmed using the second preferred enbodi nent of the
i nvention. The wire bond of the wire |oop conprises a ball-bonded base
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whi ch tw st's tan axi’s si ng

t hough 1phe drasargabenbotiniéntastahé veritiohs tTHoogved peslion d2afthafinalieog4
extending fromthe curved portion 42. There is no vertical rise of the wire

above the Hafe femeatinn 48. creyar dnashapesarawds thet basei eaition 40| dusi r e
| 00p O T ARG Yo, 5 B I0ob IR &Y EoSRRPHY BB MrsPLrbBRIAM LR then- The
invention. Neck crack is also avoided by creating the curved deformation
around the base of the loop formation. A characteristic of this deformation is
15 that the curved portion 42 has a substantially uniform cross-sectional area.
There is no double-impact or further mechanical deformation that interferes
with such uniformity. This enhances the reliability of the bond and the
electrical connection made. The curved portion 42 preferably extends along
at least a part of a perimeter of the base portion 40, as shown in figure 8
20 wherein the curved portion extends around approximately half the perimeter of

the base portion 40.

Using this embodiment, when the diameter of the wire is approximately 0.8 mils
(20 microns), a height of a highest point on the wire loop relative to the first
25 bonding point, or bottom of the base portion 40, can be kept to less than or
equal to 2.1 times the diameter of the wire (42 microns). When the diameter of
the wire is approximately 1.0 mil (25 microns}, a height of a highest point on the
wire loop relative to the first bonding point can be less than or equal to 2.0 times
the diameter of the wire (50 microns).
30
The invention described herein is susceptible to variations, modifications and/or
additions other than those specifically described and it is to be understood that



base formation is circular in shape around the base portion 40, thus
contributing to a |l ower |oop height as conpared to the first enbodi nent of
the invention. Neck crack is also avoided by creating the curved
deformati on around the base of the |oop_ formation. A characteristic of this
deformation is 15 that the curved portibﬂ 42 has a substantially uniform
cross-sectional area. There is no double-inpact or further mechani cal
deformatio i ' ol T RAAY " j &nﬁn$ﬁé

reliabili t;th%p ﬂ%ﬂ‘&%ﬁ&ﬁ&dﬁ% ati%\éeééhe?ée}ﬁét}}dihgé cc{)mnér?!éﬁ'g?grgﬂahrrg e he Jgﬂir%\r}ed
portion 42 fal efithirathieyspinttanddzcoplemfdhe abovedescriptipart of a perineter of the
base portion 40, as shown in figure 8 20 wherein the curved portion extends
around approximately half the perineter of the base portion 40. Using this
enbodi nent, when the dianeter of the wire is approximately 0.8 mls (20

m crons), a height of a highest point on the wire loop relative to the first
25 bondi ng point, or bottom of the base portion 40, can be kept to | ess than
or equal to 2.1 tinmes the dianeter of the wire (42 mcrons). Wen the
dianeter of the wire is approximately 1.0 mi| (25 mcrons), a height of a
hi ghest point on the wre loop relative to the first bonding point can be

| ess than or equal to 2.0 tinmes the dianmeter of the wire (50 mcrons). 30
The invention described herein is susceptible to variations, nodifications
and/or additions other than those specifically described and it is to be
understood that -10- the invention includes all such variations,
nodi fi cations and/or additions which fall within the spirit and scope of

t he above description. -11- CLAIMS: 1. A nethod of bonding wire between
finst and second bonding points with a 5 bonding tool, conprising, in the
order stated, the steps of:



formng a first bond at the first bonding point with the bonding tool;
novi ng the bonding tool to a first position spaced fromthe first bond by a
first distance; noving the bonding tool fromthe first position towards the
first bonding 10 point and applying a pressing force on the first bond with
the wire but without formng a second4haond of the wire; noving the bonding
tool to a second position spaced fromthe first bond by a second distance;
forming a kink in the wire; 15 noving the bonding tool to extend a
sufficient length of wire to forma wre |oop between the first and second
bondi ng paints: and thereafter noving the bonding tool to the second bondi ng
poi nt andSﬂﬂHﬂEﬂng a second bond. 20 2. A nethod according to claim1,
wherein: the first position is substantially vertically above the first
bondi ng point; and the step of noving the bonding tool to the first

posi tion ifncl udemethoa oftbepsingokirerbetwesert firet drwh secundt lparidirsy peintsnwitiabl y
vertically upwards and thereafter 25 noving the bhonding tool towards the

seco_nd5 bo f‘ﬁ@gﬁ@i"n@%ﬂﬂ@gs%’@é‘ﬁ ﬁgjqrﬁgate%dhgis‘;@stqu substantial ly _
vertically ovef,tf gE'firréttbc}ﬂﬂrﬁth%ﬁrsf‘baﬁ&iﬁggpﬁﬁ%qu%ohgiﬁé'tﬁlm 1 or claim 2,

wherein the step of”noving the bonding away from fst bond to the
first positionmavingitheshdritiingtoabto afiirstPositionispaced drohothd first bard by a
substantially vertically upwards and thereafter noving the bonding tool
away fromfidisiaehd bondi ng point. -12- 4. A nethod according to claim 3,

e Mo Sodoilty TR bRRSR B e 8 UosRU iR e SeRhoncl o
out si de a poittancladpplyinge prssingofordy onghe tfinst Bordswithrtble wire but without
forming a second bond of the wire;
moving the bonding tool to a second position spaced from the first bond
by a second distance;
forming a kink in the wire;
15 moving the bonding tool to extend a sufficient length of wire to form a
wire loop between the first and second bonding points; and
thereaiter moving the bonding tool to the second bonding point and

forming a second bond.

20 2. A method according to claim 1, wherein:
the first position is substantially vertically above the first bonding point;
and
the step of moving the bonding tool to the first position includes the steps
of moving the bonding tool substantially vertically upwards and thereafter
25 moving the bonding tool towards the second bonding point while keeping the
bonding tool substantially vertically over the first bond.

3. A method according to claim 1 or claim 2, wherein the step of moving the
bonding tool away from the first bond to the first position includes the steps of

30 moving the bonding tool substantially vertically upwards and thereafter moving
the bonding tool away from the second bonding point.



second bonding points. 5 5. A nethod according to claim4, including the
step of subsequently noving the bonding tool towards the first bonding
point in a curved notion to a point on the vertical plane passing through
the first and second bonding points before applying the force on the first
bond with the wire. 10 6. A nethod acc_o;r%_i ng to any one of the preceding
clains, wherein the step of noving the bonding tool away fromthe first
bond to the second position conprises the step of noving the bonding tool
substanti &.1 y vemetead hgcaringr sclaitd 37 whéreie tihe dtegcofomaivimg the kednding 6,

I ncluding the step of noving, the bondjn tool away fromthe second bondi ng
ot af £ dPOTANAY BomHaS BEHRTHBOIARS POBK LoRIiEGs Mg s bogdng (et Acu

accordi ng f ot el AW | =y f

form ng am%hgﬁpﬁewva Fgﬁ(tzg[r#prl sgg%[rﬁ%a’il éefsﬁggliﬁ%\%%gﬁ?ﬁgél@éﬁﬁrﬁ t ool
from the seeondthopdisptpointsto a third position in a direction away fromthe
second_ bonding point, then fromthe third position to a fourth position
still Purther away fromthe second bonding point, and then fromthe fourth
position ck t t Ry Skt 5 r di y one of
t he pr ece?ng c'?a&gng]f)dmﬁgécgpﬁgaté dc?g'a%%ér'ﬂgyépﬁgmv%o%gq:ya%ipdr%gpﬁgﬁgl y 1.0
m | or | esnovng tiee bendiny todl tawards et firsplodmding pofrtén asauest wiotienrtelsat i ve to

the first bonding point is |ess than or e(%ual to 2.35 tinmes the dianmeter of
t he wire. psont on the vertical plane passing through the first and second bonding points

before applying the force on the first bond with the wire.

10
6. A method according to any one of the preceding claims, wherein the step
of moving the bonding tool away from the first bond to the second position
comprises the step of moving the bonding tool substantially vertically upwards.
15 7. A method according to claim 6, including the step of moving the bonding

tool away from the second bonding point after moving the bonding tool vertically

upwards.

8. A method according to any one of the preceding claims, wherein the step

20 of forming a kink in the wire comprises the steps of moving the bonding tool from
the second position to a third position in a direction away from the second
bonding point, then from the third position to a fourth position stiil further away
from the second bonding point, and then from the fourth position back to the
third position.

25
9. A method according to any one of the preceding claims, wherein a
diameter of the wire is approximately 1.0 mil or less and a height of a highest
point on the bonded wire relative to the first bonding point is less than or equal to
2.35 times the diameter of the wire.

30



