-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 |loops with | ow height profiles. The

i nvention also relates to wire | oops 101f-ornmable using the nethod.
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 {eRtidB'GF FORMINGG REVi Gbps ANEs: ©ol d, al um nium
or copper wires are s. Wre bonds are
formed at bondi ng sit WIREALGOPSHEORMEDUSING AHEMETHOD are to be made,
typically using an ultrasonic 20 transducer to generate ultrasonic energy to
attach a length of wire fed froma capillary to the sem conductor device or
carrier 5 aArkigld efithednvgntionhonds are nmde, the dice, wire | oops and
substrate are encapsulated with a resin material to protect the sane. A
sem conduct or package is produced. 25 There is a continuing desire in the

sem conductTHe iimgditionyrelated etoeh apethod) of Somiihgrwire dodpe hetwess rdifferauct or
packages. Since, as, explained above, the wre |loops should be fully

encapsul at Pnding peints ﬁmseaa%wb,@torﬁﬁénm @ﬁﬁé@@aﬂfcui%&o B@cfpagat%@f d be
af fected by o]

bondi ng. | fwéﬁgocﬂgél %bs“’g’]{ h% Hgt mé@e% 039% @g%ﬁ i %(Iasc{ P%IQE@ @(L)jw %@ﬂo%m t he
t he t hi1@knesmmabletusing theameffemkage can be correspondl ngly reduced. 2-
Furthernore, there is a demand in the industry for sem conductor devices
with

Backqround 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 ultrasonic
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.



stacked di ce. The advantage of having stacked dice is that stacked dice

I ncorporate nore silicon functionality by stacking nultiple dice into a
single package. This reduces overall size by elimnating additional
packages on the 5 circuit board. Furthernore, it increases space savings
whil e enhancing electrical performance _By reducing propagation time for
signals to traverse fromone chip to another. Stacked dice allow a greater
density of integrated circuits on a given area of the carrier, and may

i ncrease efFurtheanwyre, thene & a eactardl ia the indestist fac semied reiucerrudevicesnwith
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‘is a desire In'the sem conductor I n to se€k to address this need
to form w rpadkagps This hedwsesheverhll sizedby ekminafiog addithpriad pateages entthe nunber

5,156,323 ("Wre Bongdin t hod") seeks to forma |low wire. | oop by.
er T of nong GIRUEBORTD r EUEPSENGE | Brinrioaan SR, Safiiasn hleT PRAETERRG by
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Figure 1(a) is a side view of a conventional |oop notion profile of a prior
art  wille bamthey divseverahijayeys mj wigedosps e ionmedt | drorrespeadingly #or med

with wre fed .qut, of capillary.at a first bondin oint A . T apillary
'S then | novucs pSte ol s hBGY 16 habebiEa as RN 45 SafibBplas Brife
capillary igedpved 30 in a direction away fromthe second bonding point Gin
a reverse action

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



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 upwards to point F in a forward
nmotion with -3- such an amount of wire fed out as is necessary for formng a
wire loop to a second bonding point G -Binally, the capillary is noved to
the second bonding point G whereat a second bond is nade. 5 Figure 1(b) is
a top view of the conventi onal IooP nmoti on Erofi#e of the said rior art

wi re bondi P e ANOWHO NIe 3‘?1"(9!“ BReS NP P%’Wy_ofrf‘arr'ﬁ"f‘ﬂea W'ﬁespogb@_n%li ng
poi nt A thrééwadtﬁbrﬁirggﬂaein?ﬁ?drirr\su%h%tsciagnﬁ Rhbabd Yo tHY §8cohd BdABhght | i ne

froma top view of capillary. g t'he aforesaid conventiona

bondi ng et paidt Gtvaeeraht hisegond boedrigaxelet he | oop height of the wire is
limted by the weakness caused to the neck of the wre at the point where
the wire is bent towards the second bonding point, and the heat to which

the wire i spaypd ed. i ' k16 Efl ed by
he rever so o o & R e o oty Pre B e e e o
opposi t e diprigrt adnwirg bordifgrdevice moi he nmotibn t dfe theo waphilaing Htom sthieefisst t han

2.5 tinmes aof the wre di ter, the neck of .the l.o is at risk from
ot acki ng. reaidige iRt & IFEUEE 1 HeeBifonSTripd PaiBF & ofshiniplf farms
Fur t her mor estrdightt (iR fAGGka top BRKSTIRE capitBRequent pul ling of the wire during
the process of "form ng the second bond may al so potentially break the wire.

20 Summary of the Invention It is an object of the present invention to seek
to provjde gn inproved nethod f formng wire l.ogps w.th |ower height
prof i 1 69 as08iniRp aibiesaid, dofvrdionaf bohdigg Hkog, B bl féthasa it o
di sadvant aggsp HeidhteothieOkird'i$ limfitetobyf i wiedkAedd talise® B the Abck 7 the

invention, there T's provided a nmethod of bonding wire between first and
second bonadving ab thenpsinhmhigre theowirerig beobtowards 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



conprising the steps of: formng a first bond at a first bonding point with
the 30 bondi ng tool; noving the bonding tool away fromthe first bond by a
first distance; noving the bonding tool towards 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; formnga kink in the wire; noving the
bondi ng tool to extend a -4- sufficient length of wire to forma wire | oop
between the first and secaond bondi ng, oints; anﬂ?tpereafter vilgg t he
bondi ng t ootuffigentiengtB i mireirfam @ Wise 1o ketwegh %'@ééﬁﬁéeﬁ‘a%bo Mdcordi ng
to a secon e ' at | gro\VAl |

I ncl udi ng gp@mﬁ{rgé%bgﬁhef:é;@gt |rr1r\s{(|ﬁ)ril'ﬁgd gqbbgw@g@r%éldﬁb@\sée%{’ta i E(‘!)&nr{a?%d ﬁgm tcp))ort I on
i nt egr at ed fermha sedomd bafindt he base portion and a wire extending fromthe neck
portion substantially transversely to an axis passing through the base
portion and the neck portion. 10 According to a third aspect of the

i nventi an, rﬁingstopé%ceﬁg ekt 8 RPRvenlich UHeRd i€ phbYided A dirgOBBE T S NG 3
bal | - bonde ase portion, a curved portion iIntegrated wth a side of the
base porti oincludinghatwirg ttondncempiisingtad ball-bobdedbaisal portion,r arrsckr pertion an
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acconpanyi ng draw ngs whi illustrate preferred =~ enbodi ments of

invention. ambthearedkqorten.ty of the drawi ngs and the 20 rel ated description
Is not to be understood as superseding the generality of the broad

i denti f1iocat ion of the invention as defined by the clains. Brief Description

of the Drawhpaiididg foxaMiRl abps@t Sotfe FdnIbhEtHENS HrOVIIRE hNwRsasbgance

with the invention wIll now be described with reference to the acconpanying

dr awi ngs, iincludingha wire bond comprising a ball-bonded base portion, a curved portion
integrated with a side of the base portion which twists in a direction substantially
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;



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 devi ce enpl oying reverse
action 30 notion; Figures 2(a) and 2(b) are side and top views respectively
of a first preferred enbodinment of a | oop notion profile of a wire bonding
device enploying a wre bonding nethod.-&cording to the invention; -5-
Figures 3(a) to 30) are diagrammatic illustrations show ng the shapes of the
bonding wire at different positions of a bonding tool during |oop formation
accordi ng tigures B{a)do 3j)etrer diagrammatic ikustragions rshowing the egapes hrtee 4
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Frgure 7 illustrates perspectrve vrews 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 C4 by a forward motion towards a second



25 A bonding 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 bondi ng 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-fn the first bonding surface 14.
The capillary 30 10 is then noved away fromthe first bond by a first

di stance. This may be done noving the capillary 10 substantially vertically
upwar ds by bonging gioint |diostthesecondguindinggsyrfagri 160 Tus fatteri metjor beodsar d
not i on towards %%gﬁcond -6- bonding point 11 on the second bondi ng surface
16. This | at'Eey! ion bends the wire 12. From point Cl, the capillary 10
noves down towards the first bonding point A, 5 to point DL. This notion
presses the wire 12 down, preferably ensuring that the highest point of the
wire |oop 1Branepaintfe. the capillany: 1q rrmyﬁaidqurp%qvmrdséhqe desd bonding eeinkfual to

or adet erim B PRE B oSO brestesblire e i “PRiceB el AR %, 1

wire 12 at theehighest peiny obfrenimre lbop tt8erdlativet tobthedfirsT boadiegupdinh 1e$d
process serves to prevent subsequent damage to the | pop_neck. After that,
the capil | aihpniar eaialdo 2w8 timesiefithe wire dlamplat A pRintd2eile caprdiapht@. |n

thi s enbodi Ik : ' L galil rds to
poi nt EL,  coPiesch Hedariibd sdrie BE LUGOHE BhER nlkPihe et Hond WIELCY o
action noticsugle theiwite AR. atAthepoamitiafylopéring dapthel fasty bdAd peTHioromipiingw st
notion froma first position at point F, in a direction away fromthe second
bondi ng'%hoi PROCRss ﬁ@wzi’sst@éﬁﬁ\fp’?ﬁé’ﬁ?ﬁﬁﬂe@td%?gﬁ taghe lgam Neg&r eafter fromthe
second position at point Gl back to the first position at point Fl1. This
forms a kink 20 at a point of the wire 12 to ensure that there is a gap

bet ween t heAft@o0 thatodlee capillarg81@mdovdwe dwn@ydirom the ffasebohd, byl G sEcend

captilary 10sdancefh i SrtbodimBal the Sapifry 58 mdves subStantiany Saficauy’ "

upwards to point E4, and then moves away from the second bonding peint in 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 1y to a second position at point G4, and thereafter from the
second position at point G4 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, 16.

The capillary 10 is then raised to point Hq to feed a sufficient length of wire 12

to complete a wire loop 18 to the second bonding point Iy. Finally, the

capillary 10 is moved down to the second bonding point | 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



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 that the notion of the capillary 10 from
point A through to point 11 is general-l}-in a straight line froma top
view of the capillary 10. 30 Figure 4 illustrates perspective photographic
views of lowwre | o0 using the first preferred enbodi ment of the
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30 and a wire portion 34 extendi ng romthe neck portlon substantially
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dianeter of the wire is approximately 0.8 mls 20 mcro ght of a

hi ghest poi by adack lo& unifoemity optheeheck pertico ofie witer bop. 115 themiiakgogrtiont , or

bott om t base portipn n, b ess.than or, ,equal,to 2. 35_tipes the

di anet er” of gﬁh%faaf‘? ewtrﬁ7%rﬂ'pcﬁ@ﬁy?.?ec{/\b‘|5nﬁ%ur8i ArelEr n8Fktﬂ%'% ré&i as a

appr oxi mat e§ybstaftidlly! urifdPmndres£86¢tiorrafe®. ght of a highest point on the wire
loop relative to first bonding point can be |less than or equal to 2.08

times the dianeter of the wire (52 mcrons).

Further, 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
illustrations 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 A; 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 B, 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,.



20 Figure 5(a) is a side view representation of a second preferred

enbodi nent of a loop notion profile of a wire bondi ng device enpl oying a
wi re bonding nmethod according to the invention. Figures 6(a) to 6(1) are
diagrammatic illustrations show ng the shapes of the bonding wire 12 at
different positions of 25 a bonding tool8uring |loop formation according to
this second enbodi nent. 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 firRieferably. dhe reyasse ﬁ?&‘ﬁaifﬁat'%frﬁm poing B2t tRePqint Gp '%)Hhéi%"%‘ﬂlrface
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wire 12 in a curved'trace outsl n passi ng through the
first bonding point A2 and the second bonding point J2. This curved notion

hel ps to avoid neck crack sq that th oop,. hase will nat, he 5 da d by
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a further d4 ' ' TR ' | uring
This movengeromBsorne M an during s OB 1t S beBau R AN e o

poi nt A2, imear todire fickt bonding paeinbAssn aheurved matmin towands e yertisaimgandr ough

57 ThiD orRaAgigh 0 FAbOMEnS SR AL ABHURR. PRl Bans RN P
the wire | oapid§ at btk iEYe THis hitftiohl prebs&OHE Wle PP déwh Sprlefsabl@adtd tines
of the wire dianeter. The capillary 10 applies force and ultrasonic energy
to coupl e ténsurg teatitheawire teom pdnelagvefto tine ficsd fidniding poiot ishlessithan 2obnd. 15
times of the wire diameter. The capillary 10 applies force and ultrasonic
energy to couple the wire 12 at the opening of the capillary to the first bond.
15
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
20 capillary 10 moves in a twist motion from a first position at point G, to a
second position at point Hz, and then from the second position at point H;
back to the first position at point G2, 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 loop 18 and the bonding surfaces 14, 16.
25
Thereafter, the capillary 10 is moved upwards to point |, 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.

30 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 B, and point C,, and between point D, and point E,. These curved

motions contribute to avoiding neck crack.



After that, the capillary 10 is noved away fromthe first bond by a second
di stance. 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 reverse action notion to point &. At
point &, the 20 capillary 10 noves in agw st notion froma first position
at point G to a second position at point H2, and then fromthe second

position at_point H2 back to the first position at point G, so as to form
a kink 20 dtigdrepdiilestrates merspggtive| Riypographies viewst pfelopt winedeeps fewaeshent |
this kink : re t AL 18 and
t he bondi ng&l' s"{?ﬁft lé%g%@?ﬂ& %i%*@%g ero gcli %%t??p?%emgg}pqﬁ I'ar@?elwltiresb%{eébé

upwar ds t o theiwire 1dop cofrgeidea = bhflibondetl basenpgottionf48 a euhied podionpd2t e a
wire loop 18, Fi n% t he _gapi]J lary 10 i s noved the second bondi ng

|1 . ]
point J2 i n'”F?rQ(H@‘!e t&y'ﬁ"orq*nsé & etlotte bbaze pon_“‘P'P gWP@%gm(t@)sttgs'”aat Syegliely of the
| oop moig 0rbtﬂfsg%ﬁt‘:a?yﬁ‘lfanfs\lgl"é%eto%rﬁéxis?P?F?gbﬁhév\%l’( tif'basd Pﬁggmbﬁo ghggheed that

the capillary ows a curved pr bet ween poi n and point C2,
and bet weerfirgbbonding paird, pod atwik 44 Exdsrdicy froed thenoarived poctort 42 b Tthere o

avoi ding neck cragk. -9- Fjgure 7 illuystrates perspective photographic views
of | ow w réslr@o‘ﬁgﬁ?%}rrl?@o"f thgi"‘ﬂf’f ?%Vesg‘@c}?ﬂfep‘? 'B'Pl“@d enbodi ment of the
i nvention. The wire bond of the wire |oop conprises a ball-bonded base
portion 40, a curved portion 42 integrated with a side of the base portion

whi ch twi sthigiire 8 itlusieatesom tep sudgtefna ilaw| wire rlaos fermsed tusirgn thexisecpoad si ng

t hough ,t he base rtion.40 a the first.bondin QLnt  .a a_wre 44

ext onailly. (BT EBDEEERER NG Fivpntionn e Sy gopts 422 the'adbiiBo he vi r e
above the bagR FBfhatsh 48- cidFd:Lﬁl% €n8 s]bbbélséfo%as tlﬁ’et%é/:c;%(ﬂi@ﬁ_ 20) aHuyi re

| oop formed using the secon preferred enbodi nent of the invention. The

curved por t¢anridting tot & dovwemlabp | height dsasempaneddtoi the first embodimentiaf théape
around the iR\e}gﬁti nqrtl\ilé)cm ?’:(r)aickt guglso 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



contributing to a | 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 portion 42 has a substantially uniform
cross-sectional area. There is no doubl#4 npact or further nechani cal
deformation that interferes wth such uniformty. This enhances the
reliability of the bond and the electrical connection made. The curved
porti on 42thg éventien yndydesall sarbygriatigns, daedificatipastansforsaddifionewdictof t he
base porti : I i W the curved portion extends
ar ound app%@yﬁ@gpgﬁ3§ﬁﬁr?n?%ga%ggfﬁgggggg$eg§ﬁgmgase portion 40. Using this
enbodi ment, 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 dianmeter 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 times the dianeter of the wire (50 mcrons). 30
The i nvention 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 fications and/or additions which fall wthin the spirit and scope of

t he above description. -11- CLAIMS: 1. A nethod of bonding wire between
first and second bonding points with a bonding tool, conprising the steps
of: 5 formng a first bond at the first bonding point with the bonding tool;



novi ng the bonding tool away fromthe first bond by a first distance;

novi ng the bonding tool towards the first bonding point and coupling the
wire to the first bond; noving the bonding tool away fromthe first bond by
a second distance; 10 formng a kink in the wire; noving the bondi ng t ool
to extend a sufficient length of wire tofforma wre |oop between the first
and second bondi ng points; and thereafter noving the bonding tool to the
second bondi ng point to forma second bond. 15 2. A nmethod according to
claim1, mh@hgﬂﬂ§1he step of nmoving the bonding tool away fromthe first
bond by the first distance includes the steps of noving the bonding tool
substantially vertically upwards and thereafter noving the bonding tool

t owar ds t heq seconendthodionBoRding wirebetween fifgttdnactkcronabdntigt poittsatitn 4 or
claim2, wherein the step of noving the bonding tool away fromthe first

bogd by ;hﬁqndi@gtqul.gloamsingq@e@w@ﬂae steps of noving the bogdi ng tolol
substems a1 v el RS SBT3

away frdomthe second¥bon accor claim 3,

wher ei n the st epmolingané bonding tboirmivaydfrorhalee fiestbwnd by firkedisemesd bondi ng
poi nt conprises novi nght he bondi n? tool in grqcurved notion to a pojnt

out si de a verti daPVIggdhe berdingngot towsigs thentrst ppading peintandoerpnipa dheg
poi nts. 30 wire & {F%td}%&ﬁﬁordi ng to claim4, including the step of
g the

subsequent |y ~novin ondi ng tool towards the first bonding point in a
curved notion tomaving2he bonding tool away from the first bond by a second distance;

10 forming a kink in the wire;
moving the bonding tool to extend a sufficient length of wire to form a
wire loop between the first and second bonding points; and thereafter
moving the bonding too! to the second bonding point to form a second

bond.

15
2. A method according to claim 1, wherein the step of moving the bonding
tool away from the first bond by the first distance includes the steps of moving
the bonding tool substantially vertically upwards and thereafter moving the
bonding tool towards the second bonding point.

20
3. A method according to claim 1 or claim 2, wherein the step of moving the
bonding tool away from the first bond by the first distance includes the steps of
moving the bonding tool substantially vertically upwards and thereafter moving
the bonding tool away from the second bonding point.

25
4. A method according to claim 3, wherein the step of moving the bonding
tool away from the second bonding point comprises moving the bonding tool in a
curved motion to a point outside a vertical plane passing through the first and
second bonding points.

30
5. A method according to claim 4, including the step of subsequently
moving the bonding tool towards the first bonding point in a curved motion to a



point on the vertical plane passing through the first and second bondi ng
points before coupling the wire to the first bond. 6. A nethod according to
any one of the preceding clains, wherein the step 5 of noving the bonding
tool away fromthe first bond by the second distance conprises the step of
novi ng the bonding tool substantially vei2ically upwards. 7. A nethod
according to claim®6, including the step of noving the bonding tool away

fromthe secaond bondin oi nt after Vi n he bond vertically 10
upwar ds. 8.PAHRR Iﬁ‘b‘ﬂ"ﬁ&@g‘r BiPRg RassingythEng ot etfjret @?é&%‘aﬁwggenfﬁnwo'%er ein
the step gt?ef?%réﬁd?ﬁinglﬂlfé%e'tatﬁé‘ﬁrs‘(‘bbﬁd conprises the steps of noving the

bonding to rom ‘a rst p03|t|ontoasecond position in a direction away
fromthe second bonding 15 point, and fromthe second position back to the

first posit'on. . A net hod accordl y _one,.of he pr ecedi | ai s,
wherei h a @ anch nelapd AREHED AV ohs B mArersring olaimp WheRRL Ee-AieP o

hei ght gf %ﬁhﬁbﬁﬁt thePSbr'ianQoélh&ng'?Hﬁﬁ’ tHb Fibst! Soridf bVQhéosécBﬁdfﬂét‘éhcgond' ng
point is less than or equal i mes the dianmeter of e wre .
A wi re | oopcamprisesi thg stepndfaoiogdhe bopding iter) sabstantialoverticallyaspwardst i on, a

neck portion integrated with a top of the base portion and a wire extending
fromthe neck portion substantially transversely to an axis passing through

‘the 25 basg pOfA'rﬁéthéG%chﬁhﬁq?%clﬁ% Bi i?ﬁ':lung th‘é %b%f'n@&ﬁn@ﬂ@bé‘hd]ﬁ to
claim 10, wherein the neck ion of the wire asasubstantlally

uni f or m cr olosl away n‘ronath%swndmnﬂmg poini aftaerlro@yangctlnmbdmdiggtt@olo»leatmllio or
clalml]i% V\/nereln a dianeter of the wre is approximately 0.8 mls and a
hei ght %w@rlqést point on the wire loop relative to a bottom of the base
portion is Iess than or equal to 2.35 tinmes the dianmeter of the wire. -13-

13. A wire bond according to an?/ one of clainms 10 to 12, wherein a dianeter
A method according fo any one of the preceding claims, wherein the step

of forming a kink in the wire comprises the steps of moving the bonding tool from
a first position to a second position in a direction away from the second bonding
15 point, and from the second position back to the first position.

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

20 2.35 times the diameter of the wire.

10. A wire loop including a wire bond comprising a ball-bonded base portion,
a neck portion integrated with a top of the base portion and a wire extending
from the neck portion substantially transversely to an axis passing through the

25 base portion and the neck portion.

11. A wire loop according to claim 10, wherein the neck portion of the wire

loop has a substantially uniform cross-sectional area.

30 12. A wire loop according to claim 10 or claim 11, wherein a diameter of the
wire is approximately 0.8 mils and a height of a highest point on the wire loop
relative to a bottom of the base portion is less than or equal to 2.35 times the

diameter of the wire.



of the wire is approximately 1.0 m| and a height of a highest point on the
wre |loop relative to a bottomof the base portion is less than or equal to
2.08 tines 5 the dianeter of the wire. 14. Awire loop including a wire
bond conprising a ball-bonded base portion, a curved portion integrated
with a side of the base portion which tw3ts in a direction substantially
transverse to an axis passing through the base portion 10 and a bondi ng
point of the wire bond, and a wire extending fromthe curved portion. 15. A
wi re bond according to claim 14, wherein the curved portion of the wire

| oop has a mibstRlildhdng E&Jr@ih?‘té%mm%tdlé%ﬁ%'ﬂﬁfcﬁm viFeréfh a Qiathétdr bond
according to claim14 or claim erein the curved portion extends al ong

at | east a gfdhe vife is approximately of. bmlaabdaeh@ght ofom highest point oa mecyplre

e appr ovi 1RPE YRR e (DR o b Bombl 1 Rkl EFRLELIp 208 Unbe” ['oop

rel ativg taha digthétefoPhhelwife base portion is less than or equal to 2 1 times
the dianeter of the wire. 18. A wre bond according to any one of clains 14

to 17, wherein a dianeter 25 of the wire is approximately 1.0 m| and a
hei ght of ol nt | at f the base
portion i sa“gss ‘? ﬁ‘}érr?HBPp é‘h‘ﬁ%‘f'}‘gg @fr%gppﬁggﬁpﬁlgmgaé éﬁ@bgpg%(ﬁ)g%%
a curved portion integrated with a side of the base portion which twnsts in a
direction substantially transverse to an axis passing through the base portion
10 and a bonding point of the wire bond, and a wire extending from the curved

portion.

15. A wire bond according to claim 14, wherein the curved portion of the wire
loop has a substantially uniform cross-sectional area.

15
16. A wire bond according to claim 14 or claim 15, wherein the curved portion
extends along at least a part of a perimeter of the base portion.

17. A wire loop according to any one of claims 14 to 16, wherein a diameter
20 of the wire is approximately 0.8 mils and a height of a highest point on the wire
loop relative to a bottom of the base portion is less than or equal to 2.1 times the

diameter of the wire.

18. A wire bond according to any one of claims 14 to 17, wherein a diameter
25 of the wire is approximately 1.0 mil and a height of a highest point on the wire
loop relative to a bottom of the base portion is less than or equal to 2.0 times the

diameter of the wire.



