-1- WRE LOOP HEI GHT MEASUREMENT APPARATUS AND METHOD Field of the
Invention 5 The invention relates to an apparatus and nethod for determ ning
hei ghts of various points along wire |oogs forned in a sem conductor

manuf acturing process, such as in a wire bonding process. The invention is
especially useful for, but not [imted to, determ ning the highest points
of wire |loops conprising 10 bonding wires. Background and Prior Art Wre
bonding is used in the mcroelectronics industry as a ne f making 15

el ectrical int WIRELOQR HEIGHEL M REMENT AP ATy OBt es (such
as leadfranme carriers and printed circuit or wire boards). Wres made from
gol d, al um num and copper are commonly used. The interconnect process is

aut omat ed arideldtofitbe imgemtioant t o devel op processes that are of | ow cost and
high yield, with sufficient long-termreliability to satisfy an end-user. 20
Wth irrplf’overrents I n back-end sem conductor technol ogy and techni ques,
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optical net Hgg;b ar etﬂg‘tﬂtglalts’ g?feé?ﬂ’r'?'g% tﬁgcausettheyggﬁgﬂ%o%[waestructli e and
non-i nt A0si JeondB wWitese are vari ous nmethods used in the prior art to nmeasure
a height of a wire |oop. One exanple is US Patent Nunber 4,942,618 for

"Met hod and Apparatus for Determ ning the Shape of Wre or Like Article".
Thi s net hod BgIKONS and PwicRlArf y of coaxial CCD caneras having their focal

pl anes

Wire bonding is used in the microelectronics industry as a means of making
15 electrical interconnections between semiconductor chips and substrates (such
as leadframe carriers and printed circuit or wire boards). Wires made from
gold, aluminum and copper are commonly used. The interconnect process is
automated and it is important to develop processes that are of low cost and
high yield, with sufficient long-term reliability to satisfy an end-user.
20
With improvements in back-end semiconductor technology and techniques,
bonding wire diameter and bond pitch are becoming smaller and packaging
v density is on the increase. As a result, greater accuracy and stability is
required to form well-controlled wire loops. These wire loops need to be
25 inspected to ensure that they are properly formed within certain pre-defined
parameters. By practicing height measurement, stability and reliability of a
bonding machine may be maintained. To conduct inspection and
measurement, optical methods are usually preferred because they are non-
destructive and non-intrusive.
30
There are various methods used in the prior art to measure a height of a wire
loop. One example is US Patent Number 4,942 618 for “Method and
Apparatus for Determining the Shape of Wire or Like Article”. This method

empioys a plurality of coaxial CCD cameras having their focal planes



-2- positioned differently fromeach other to viewa wire |oop. The wre
loop is viewed by the CCD caneras and the wire i mages col |l ected by the
plurality of caneras are processed to devernm ne the contrast and size of
the images, and the results are used to determne the profile of the wire.
However, such an 5 apparatus is bulky and cunbersome to control. Further,

nore caner apobitivAed diffdRntly efforhCeddMODER tOBASN LB I00pS OTHE | viife 3dth is
accuracy. Another example 1s US Patent Nunber 5,576,828 for "Bonding Wre
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wire loop is disclosed in US Patent Nunber®5, 583, 641. A correPatlon bet ween
a wre heiglsemicohduater ahigt and s ieade framgatse deteymiried uising lbmihatiomns from | evel
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apparatus. The inmaging systemis al so bul ky, and
determine the height of the wire relative to a height of the optical system. A

problem with this apparatus is that the imaging system is bulky. As a result,
the need to lift and lower the relatively large mass of the optical system results
in reduced speed of motion on the whole.
20
A further example of the use of an optical system to measure a height of a
wire loop is disclosed in US Patent Number 5,583,641. A correlation between
{ a wire height and wire width is investigated by shifting the focusing level of an
optical system. A detection level is set based upon an upper limit level and a
25 lower limit level. These levels are to be the reference levels corresponding to
an acceptable height of the wire to be detected. The imaged width of the wire
is compared to the upper and lower limit levels to determine whether the
height of the wire is within an acceptable range. A problem with this system is
again that the optical system or a part of it has to be moved up and down to
30 measure different points on the wire, and the motion of such a relatively large
mass slows down the apparatus. The imaging system is also bulky, and the

optics design is relatively complex.



optics design is relatively conplex. -3- Summary of the Invention Therefore,
it is an object of the invention to provide an inproved apparatus 5 and
method to measure a height of a point on_g wire |loop accurately, and to
avoi d sone of the disadvantages of the aforementioned prior art. In doing
so, a height or profile of a part of the wire | oop may be obtained using
the invention. 10 According to a first aspect of the invention, there is
provided a nethod of determning a height of a point on a wire | oop,
conpri si ng thunmesnef e Inveslion i oni ng a hei ght gauge device over the point
on the wire | oop; projecting incident |ight fromthe hei ght gauge device
for illumnating the point; receiving wth the hei ght gauge device

reflected | iMyereforaditésdnt sisjact betie) divéationtb ghrbvidéSamnpesiedy Bhparatus rom a
characteristic of the reflected |ight the height of the said point relative

to a referedd MgHatlo megstiRIRMPIIR of 8 PobHPMapKEe losip aeruratahsrandi? there
I's provided A AERALAYR dfégdvggfa‘a?g‘cg'tﬁ@ a%#%ﬁi&{?ibngatﬂ?igp%mtlno i %\enore

| oop, conprising: a height gau evi ce positirona ovér the porht on
the wre | ogpheiyhtpsopesfie ng anearteftthel gire toopi Maynbeabdistairtesl elngt tend f or
receiving reflected Iight produced fromthe incident |light; and a processor
coupl ed to theEMBNght gauge device for determining froma characteristic of
the reflected Iight the height of the said point relative to a reference
surface. 25 It would be convenient hereinafter to describe the invention in
gr eat er 10et #dcordipgrief arfesic aspectt dfethac rmveption] treerdriavpmogiledhachetiddust r at e
preferred epbodinents of the _invention. The particularjty of the drz}vm' ngs
and the reldete@igingc A peiobh afsa RAINk enpa WH@e‘PQPoW"ﬁ'%éP%eﬁPH@ Qhe

generality 4300 - ' bl ' Tl | ¥ S ' by
Phe ol ai s, Popiioditd s GRGacRE LELicERNER g poiitol 8 Wi Bop? pRESbit 0 and
appar at us i nncident ligdn demiitihér helght igaugetdewicenfor lilluminating the point; receiving
with the height gauge device reflected light produced from the incident light;
15 and determining from a characteristic of the reflected light the height of the

said point relative to a reference surface.

According to a second aspect of the invention, there is provided An apparatus
for determining a height of a point on a wire loop, comprising: a height gauge
20 device positionable over the point on the wire loop for projecting incident light
to illuminate the point and for receiving reflected light produced from the
incident light, and a processor coupled to the height gauge device for
t determining from a characteristic of the reflected light the height of the said
point relative to a reference surface.
25
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
related description is not to be understood as superseding the generality of
30 the broad identification of the invention as defined by the claims.



now be described with reference to the acconpanying draw ngs, in which: 5
Figure 1 is an isonetric view of a section of a substrate upon which stacked
dice are nmounted, and dual |ayers of |oopgd wi re bonds nmade between the
dice and the substrate are illustrated; Figure 2 is a schematic side view
representation of a nethod of determining a 10 height of an object using a

tri angul at i @rigfPpescriptisnnof the Puawingisi s a schematic side view representation
of another method of determ ning a height of an object using a confocal

type sensor; Figure 4a is a side viewillustration of |light projected from

an illuni ”a_tAl?'éxgHgﬂé“fE%gm%ﬁdoeﬁh@% @ratas li® akedrdaince With the fURntiBH fwﬁ*h

between a die an substrate a OI’C}I ng to a first enbodi ment of the

i nvention; Fiawbe dascribed wilhanefereone &6 the accdropanying dnaalingst inewhichhe di e and
the substrate, and bright spots on the wire | oops indicating |ocations of
the highest points of the wire |oops; Figure 5 is a plan view of a scanning

routine to degefemng a4 @bhietsc Yevd of acéadiont PAUbsPAE GhorRwhlidH 8dackyd of
wire | oops acCording to another preferred enbodinment of the invention;

Figure 6 is dicplare mpeniedt andsdyaldayers efdpapedtwivg bendsdpade dgbdwvaen theth a
gr aphi cal repr t.aft i hej responding to points on wire | oops
that int ers@ﬁ%gﬁa t@ééﬁ%?@%&‘? f‘?gﬂ?ﬁ%@g ath using the preferred enbodi ment of
25 figure 5 FiGuesIRes 3 dchemalicaiide VRlw FRNESSRBEGH 0P A MbtHIRS Gddte@hinthgb T €

| oop obtained at various points of the wire |oop along a sel ected section
of the I'6op keight of aniebjest using@iranpuiaietypsensast the | oop may be

for coupl | ng QUL Samerat St SHTeBy el 7 puikl Ry, & et
i nvention t odégtewhintndd@hdight ofemisbjeatasinyg 8 bffdtal ypegermoanpl e of one

| npl ementation of the invention; Fi 9ur_e 9 shows a side view of the coupling
bracket and heuEhtdagiugesidevyiew illysiration of Ight-projected from an illumination

lighting system being reflected by a wire loop formed between a die and a
15  substrate according to a first embodiment of the invention;

Figure 4b is a plan view of wire loops formed between the die and the

substrate, and bright spots on the wire loops indicating locations of the

highest points of the wire loops;

Figure 5 is a plan view of a scanning routine to determine profiles of selected
20 portions of a plurality of wire loops according to another preferred

embodiment of the invention;

Figure 6 is a plan view of a series of adjacent wire loops together with a

graphical representation of heights corresponding to points on wire loops that

intersect an exemplary scanning path using the preferred embodiment of
25 figure 5,

Figure 7 is a graphical representation of heights of a wire loop obtained at

various points of the wire loop along a selected section of the loop and

Hlustrates how a highest point of the loop may be mathematically estimated;

Figure 8 shows a pian view of a coupling bracket for coupling a height gauge
30 device employing the principles of the invention to a wire bonding mechanism

according to an example of one implementation of the invention;

Figure 9 shows a side view of the coupling bracket and height gauge device

of figure 8,



Figure 10 is an enlarged view of a portion of the coupling bracket marked as
"B" in figure 8; and Figure 11 is a cross-sectional view of the height gauge
device taken along sectional line A-A ofsgfigure 8. 5 Detail ed Description
of the Preferred Enbodi nents Figure 1 is an isonetric view of a section of a
substrate 10 upon which stacked dice 12, 14 are nmounted. Dual |ayers of

| ooped wir e FiguresiOLB ameéalargd vidweda poriodi afehé Zoupling hilatket reatketiraa e 10
are illustrated. There are various reference heights associated with the

obj ect whi ch nﬁyﬁ%e& aflterest. There is a base plane at the base of the
Substrate 1@ S { f I 10, a
hei ght at t(r%é l?gpwsjﬁér fagélg)sg?édg:ﬂgn |\r”se%‘h§f gwfég@%g%h?éﬂﬁe?ﬁgéﬁgg& rface
of the secosdchibral linedad dfdigye 8. at vari ous 15 points of the wire | oop 16.
The wire_loop 16 has a distinctive profile 18 and the highest point of the
wire is of particular interest in a wire bonding process because it allows

a user to af’rﬁéié%d’\b%&@tidm@fth@%eféré& ERfIddimERisTed before undergoing

further proCessing. In € preferred enbodinents of this invention, the
enphasis is on determ' ning the profile 18 of the wire loop 16, 20 and in
particul ar, Ft sition_and/or helg?t}t of |ts hest . 'n I;g%uraéhls a
schematic si ('Haur? mﬁrﬁ%r'ﬁg@ﬁp&f ViYW &t 2 see ﬂBd 0 ﬁlé 4 t of
an obj ect U%lélﬂ(eﬂ diéé anguhaire tRolied. SBRSIA euérbfubbp@auﬁf@&sho&o% ®Rade?0,

such as a |l aser diode wth optics, emts a narrow ray of incident light to

25 forni@ | ibgtweepdheodica 1af Mem;btijstrat& fldc are Musirated.| etherenacs
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that the term"reflection" as used in this descrlgybon I ncl udes _scattering

or ot her irthglompurface of thegubstrate 14.gnhheight g e topppudaes ef theetirshidien t he
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since thg | iphits 9ahe Mt 10gp116N The wiret I8BpOTS Vias i distinttive pRefilerd8sandd
height. If a neasured surface 24 is at a height of A above
the highest point of the wire is of particular interest in a wire bonding process

because it allows a user to assess whether the loop is properly formed before

undergoing further processing. In the preferred embodiments of this

invention, the emphasis is on determining the profile 18 of the wire loop 16,
20 and in particular, the position and/or height of its highest point.

Figure 2 is a schematic side view representation of a method of determining a

( height of an object using a triangulation type sensor. An illumination source
20, such as a laser diode with optics, emits a narrow ray of incident light to

25 form a light spot on a reference object surface 22. A reflection or diffusion of
the light spot is focused by an imaging system 26 and its position is received

and recorded by a receptor, which may be in the form of a position sensitive
device (PSD) 28 or sensor. It should be appreciated that the term “reflection”

as used in this description includes scattering or other irregular reflection of

30 light. A processor associated with the receptor assesses a characteristic of
the received light, which in this example, is a shift of a position where the
reflected light is received since the light spot position on the detector varies

with the measured height. If a measured surface 24 is at a height of 4 above



-6- the reference object surface 22, the reflection of the |ight spot
(represented by dotted lines in figure 2) is shifted and the inmage of the
i ght spot on the PSD 28 also changes bygS. As the relationship between A
and 8 is known in advance from system paraneters, structures and/or
calibration, the height 5 value A can be determned. Figure 3 is a
schemati ¢ sitite referenoecpisjestsurtddecz?, the aefddiion dfehbdighbépotdederesenieddya

hei ght of an object usi a %an al type sensor. An illum nation_source
such as a pslpntedmn@ﬁtmfta?ﬁr%@ 30 shifiec; aid the byage obihe ighioskatbine BED s
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refl ected omdvante erar $ystemt paraphgters, strudtbesr ahefoe netibsatidnaakeoheigapt h 32,
and the reflected light is further deflected towards a receptor, such as a

poi nt det e¥alte 4gapbesdeteningsy a beam splitter 40. A pinhole 37 is placed
in front of 15 the point detector 38. The pinholes 31, 37 and i nage point of
the pinhole 31 are preferably conjugated to each other. Mst energy is

arranged to Rig@e 3t iy @u@ehbhritiei sidel Qied reprdseatdtRine ot namtiePtheddapt a
maxi mum light intensity is received on the point detector 38 when light is

refl ected fdgeArHeing: & dieighte oflep hotjact 3ing 3 negrdocal Hureo ERNSALe AR obj ect

dept h vari ati on. e t p helt 34, - her
negative de?lk)%'ggg?ﬁp%sl}l? ?VQQU% e%%iaﬁ@%ﬁwtﬁ F?eh? %@?%ﬁfﬁgeﬁﬁéﬁﬁeﬁe%tsgm%pot of
| i ght beoomgintinigaristusad, hhe raybblight3emlaye famseddy 4 fiecusiid Reise3b | i ght
can pass through the S‘J nhol e 37. A processor 25 assoqciated with the receptor

3
assesses t hONMABAROL §f ignti e retezencaysHiiger or dple &2 hdheapaticflight js
between the reﬁu;aga &B&éheg?&’ ftdnghthe' rjf&sétt%er F‘ecféfe‘h%g Q}’rfaréehSr B%gfﬂ 3?“ ector
e by sy p ca n,

38 are known or determ na ste araneters an I brati he
hei ght of t landnhesefledtedbjght tis fdthearddilectsa mwads a3@ceptor, suchras aypdihbd, a
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38. Undgg thhg poidtufdtsétdr 8BS TiRL bRHoled Y, $F ahl8m2BkSSdint of the pinhole 31
are preferably conjugated to each other. Most energy is arranged to pass
through the pinhole 37 at the reference depth 32 and a maximum light
intensity is received on the point detector 38 when light is reflected from the
reference depth 32.
20
If there is defocus due to object depth variation caused by the presence of a
measured object 34 — whether negative defocus or positive defocus — the
( reflected and deflected spot of light becomes bigger than the pinhole 37. Only
part of the reflected light can pass through the pinhole 37. A processor
25 associated with the receptor assesses the intensity of the received light.
Since the relationship between the object depth and light intensity received by
the point detector 38 are known or determinable by system parameters and

calibration, the height of the measured object 34 can be obtained.

30 In a common method, a motion structure such as a vibrating device is
attached onto the confocal optics so as to modulate the light intensity received
on the point detector 38. Under this structure the reflectivity of the object
does not affect the measurement result. In another method, the object



does not affect the neasurenent result. In another nethod, the object -7-
reflectivity and hei ght gauge device are calibrated in advance so that the
obj ect height can be obtained as the intepsity of the received light is
continuously neasured. 5 Figures 2 and 3 are exanples of how a height of a
poi nt on an object can be neasured in the preferred enbodi nents of the

i nvention, asfecivity raid iheightdgalige @Ieloe,el are chligratdd imcadvéance spphactas ed
t hat ot her net hodé L‘ hei gIh%or de asur enent e}re al so possible, It
shoul d al so ARELnBRIGEE SR (BeatobIRIg 9 ap nibeu dquienibt P1y e eeeliRe 9Rti & bl e

i ght energ faré$ a side viewillustration of light 42 projected
from an |Il)l?r?1n?'1§?+:%énwhﬁ ghtdf ng system (not shown) being reflected by a wire

| oop 16 forned between a die 12 and a substrate 10 according to a first
enbodi nept t he The wire 1o n for dWIthaWIre
bondi g Bev s AJ of % Pxaniples Qi Agieidtiit PO et Mbiet A e
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appr oxi mat ed based upon characteristics of I'1 ght | ect ed,
thereafter dolbeilghttingf & wmildhibepapnreciated that dingheethqus of height Dhéewth e | oop

16 in that |ocation | dete nIned I ng, a hej h ug evi.ce.

1 uni nati ngneaaiement; 418, BB BEEBEr orlt RSt s 347 EoRESERH 1 gt 495t em ¢ o
i |luninate ghqugsebewisiel asd iividibeflighfenstgye | oop 16. The lighting device
could be an assistant coaxial lighting or high angle side lighting to

illumind®e the bonded wires. This predeterm ned portion represents a

wh : i kel be | d,
Pocording & ok g SeBE MMisiatln b ot 22 proleasBl i A HEmiRaticr = ©
Alt er nati veljightigg lagét@m (rRdtl ShoWhe pehed Refleeted bﬁ avwrr@ Id(ﬁPFPG ¥errhey béﬁveen

i1 I um nated. "Si nce bonding wire 16 is princip froma nmetalli
materi al , sw@cHieat2 goda substratautd aechdmeIo atF rﬂ ewnb@dlmnhcﬁ t@@mtlpp

reflective. e I [ I
surface of t %”JPeH%nﬁ h\%grl%éoe%g%o drese It n% W%eﬁ@ﬂ@'ﬁﬁ S%%@%H& ‘Bg]%fol?lae of
the 3019 r avitodpndhg processgl bsinl thiyf FiesttéraBodimertf belotaton ioghi highest | |
generally be equal to the angle.
point on the wire loop 16 is approximated based upon characteristics of the
light reflected, and thereafter a height of a point proximate the highest point

on the wire loop 16 in that location is determined using a height gauge device.

20 Hluminating light 42 is projected from the illumination lighting system to
illuminate a predetermined portion of the wire loop 16. The lighting device
could be an assistant coaxial lighting or high angle side lighting to illuminate

( the bonded wires. This predetermined portion represents a portion where a
| highest point of the wire loop 16 is likely to be located, according to a bonding

25 characteristic of a wire bonder machine. Alternatively, substantially the whole
of the wire loop 16 may be illuminated. Since bonding wire 16 is principally
made from a metallic material, such as gold, aluminum or copper, the wire 16
is generally reflective. The illuminating light 42 will thus be reflected from the
surface of the wire 16 in various directions, depending on the profile of the

30  wire loop 16.

The angle of reflection of reflected light 44 will generally be equal to the angle
of incidence of the illuminating light 42 projected onto the wire loop 16.
Where the illuminating light 42 strikes substantially normally onto the surface



of incidence of the illumnating |light 42 projected onto the wire | oop 16.
Where the illumnating |ight 42 strikes substantially normally onto the
surface -8- of the wire |oop 16, the reflgcted light 44 will be directed
towards an imaging system 26 and a |ight receptor 28 such as a canera.
Using the Iight receptor 28, a location of a highest position of a wire

| oop can be ofijpr wiientebpdi8)akedefleqted lightddakitirhes tirestedftowaedd aghinagig ect ed.
In accordance with a comon 5 Io?q[}éfg§prof| le of a tlYlgl cal wire loop 16, one
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| oop 16. _Therefore, | he characteristic of
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proxi mate the highest point of each of the wre | 6ops 16a-c 20 can

det er mi h@d tigflgnied thatis afinderest sHheduightestepoteonthe wirkdoodpdét i ons of t he
bright spots 46a-c to detect the heights of the points on the wire | oops
1l6a-c at those locations. Incident light is projected fromthe hei ght gauge

device for Irﬂu{;w@mﬁs A% AN iR iof twited| srm@asurfedne@%emééﬁ%@@.é Haind s
received b he hei gauge device. Froma characteristic of the reflected

li ght, suchﬂZS %@Stf@@ d@waé] i dieasr ofPEC htesetentBa-poen thewire leopyibaess of

ot or ence. s dHEN logaBR H e ihet® oBlths 3 O SRS Itnsl oAb [de B8R gauge

device nmgy hRe ne¢aflononsRe ahav fishedfivd heiré OlvapsONGhe deiver @UB@tahﬂQll;he' ghts
of a plurality of points wthin the said |ocation in order to find the

hei ght of a heirigaetal psefilgs, endtwhergatdhe pusitions of highest points of the wire
loops 16a-c can be approximated.

A height of a point proximate the highest point of each of the wire loops 16a-c
20 can be determined by positioning a height gauge device over the locations of
the bright spots 46a-c to detect the heights of the points on the wire loops
16a-c at those locations. Incident light is projected from the height gauge
{ device for illuminating the point to be measured and reflected light is received
by the height gauge device. From a characteristic of the reflected light, such
25 as its deviation from a reference position or brightness of the reflected light
received, the height of the point relative to a reference surface can be
calculated. For greater accuracy, the height gauge device may be moved
across a width of the location to determine the heights of a plurality of points
within the said location in order to find the height of a highest point of the wire.

30
Figure 5 is a plan view of a scanning routine to determine profiles of selected
portions of a plurality of wire loops 16 according to another preferred
embodiment of the invention. Using this second embodiment, heights of a

plurality of points on a wire loop 16 are determined by moving the wire loop 16



Figure 5is a plan view of a scanning routine to determ ne profiles of
selected portions of a plurality of wire |oops 16 according to anot her
preferred enbodinment of the invention. Ugi.ng this second enbodi nent,

hei ghts of a plurality of points on a wire |oop 16 are determ ned by noving
the wire loop 16 -9- relative to the hei ght gauge device. Based upon the

hei ght s of trelatige de dhé heighft gapgerdeyjce. hBadad ghon dfie hieghts ohtist plpaality obn a
wire |loop 16 can he estinated.  Alternatively, .if the_ position gf th

n ghest ot ROTS: B RRAHICH g hieheST,PRLER, & ity G Rt Sor BB-pHested. hei gh
gauge devi cenlrnathRIVOY Btk pesitibAtof IS highadt beint islesedhtet freasthecpluigithel ght
of that point accurately. Stacked dice 12, 14 are nounted onto a substrate

10. Wre | osfdreightsrabtainednadcheghlaange devicewran beanoved el thatepesiticn tat e 10.

A suitable L aht ' Il,i zi ng the nmeasurenent

pri nci pl (gs gﬁ'le%ﬂwerg%te@gi'gg?‘ﬁ@‘?SE@E%@%%?%&@&’& Is set at a position A
over the dice 12, 14 and substrate 10. Relative novenent is then initiated
bet ween the substrate 10 and dice 12, 14 on the one hand, and hei ght gauge

devi ce on t Hdagkerdiceslénd4aaks amnigd ondo pasubstratent.c Vg leppracta @ | i nes
in figure 5. y eqhej ogaug [;Geqd S 2 The. scanni ng
path 50 is JP&@%%ebgt@éghaﬁka@%egcq'geﬁtg%tnfji g’%t &ﬂ)érisgjyéet%tla% fggs\r%ﬁg Rlee Hgﬁgg‘ﬁt
gauge devi ceydugiced@fesd ssich anohb willizegathewhessurearmt poinalples as deatiibad of
points. One way of generating relative notion is to . couple the height gauge
devi ce {18 a ipdgure drriiguie v deseldli & ROBHON Feover theciog 120l hand subsiate abl e
(not shown).q4f so, the substrate 10 may remain at a substantially
stationary position with the XY table noving the hei ght gauge device
relative to it. The scanning routine starts at point A and stops at point Z
in a spiral fashion. Alternatively, .t scanni ng path may conprise_a series
of cl osed pa%ﬂ@t'\’%mf?é’re”ﬂ%risithe%"{?ﬁtﬁafbeﬁ‘ﬂgﬂ'ﬂHheé@%%tﬁ‘fﬁntlp god gige tdelt 25

PRl eonie I ieenghy NI RN BoER I W REKL, o SRUTIATD 2 o
and i n15ar tpathl &0 ,indicatedi by sdatfed iines sSediguom Sf Mbst peeferdidy,athe heighti r e
00D, 16 - FadldaQubd i nRhEY. Vs &hnfng Sab 809 aAThBSE Yok thSi g 1O
light projected from the height gauge device intersects a length of each wire
loop 16 at a plurality of points. One way of generating relative motion is to
couple the height gauge device to a positioning device, which may be in the
20 form of an XY table (not shown). If so, the substrate 10 may remain at a
substantially stationary position with the XY table moving the height gauge
device relative to it. The scanning routine starts at point A and stops at point
{ Z in a spiral fashion. Alternatively, the scanning path may comprise a series
of closed paths rather than in a spiral fashion according to different
25 applications. Heights of points along the scanning path 50 are obtained at a
preset resolution for determining a height along each point of the path 50, and

in particular, to points of intersection of the path 50 and the wire loops 16.

Figure 6 is a plan view of a series of adjacent wire loops 16 together with a
30 graphical representation of heights corresponding to points on wire loops 16
that intersect an exemplary scanning path 50a using the preferred
embodiment of figure 5. The graph shows a series of peaks corresponding to
the locations of wire loops along scanning path 50a. The height of the wire
loop 16 at each peak is determinable by the height measuring apparatus and



30 graphical representation of heights corresponding to points on wire | oops
16 that intersect an exenplary scanning path 50a using the preferred

enbodi ment of figure 5. The graph shows aieries of peaks corresponding to
the locations of wire |oops along scanning path 50a. The height of the wire
| oop 16 at each peak is determ nable by the hei ght neasuring apparatus and
-10- may be max bedetobded byemungmdey deeicefoft the syasteram Thaesapaewouting isie i s

used for another, pass,of the anni ng .pat h 5 and, so on.. Conbi.ning all the
i {1 er ent vaisgadol Aot ar o35 oL TR SeAhBs py Bfib MHa.5F oRt SBRRALALHE r ecor o
the hei ght s fiferef RalliesathbPar: abfiSeanb %M IS dbIe t6 eBMPUIE Pt feceRp. 50D,
5 etc and a profile 18 for a portion of each wire loop is obtained. Figure 7

i s a graphi dhe heighte of eashiveore siopralpgaeachpass afithe seaneingaegth 8a, SBbai ned

at varioys Eﬁ?i ntﬁ xl-zif, % ar%orhi on Oef heir tre | o%,? 16 where the scanning
path 50 Fnt S 80P & PRRYSy éol 88 I8 Cgl VI (98B & %'3891 on of the 10 I oop,
and illustrates by way of exanple only, how a highest point of the |oop 16

may be mathematically estinmated based upon the heights of the wire loop 16
obt ai ned at Fkigerevdr isoasgpaphical . representatiare ohdieightsohvbs afxa rwise | laep otf

Straight |i r ayn. he I NdeS, : - d h3x3
and hixs. THOIEHCE 0T bOEEE B Hrca EROH 4 PR Kon T8 WIS 0t o
strai ght |ingannig pAGVEO iintefdegts the/wirheopaleialorly a tsetedied gbttian of fite

i ntersection nmay be obtained by |linear equations. A second method involves a

formul ail® cueor and illusiyatas by wWayph exarapie ofplew a bghsst peint\gf the depRier
e o .
"2 h hechant ey e, FEfIBYR86A R LI ARE PIRECRS0n SIORSBITOFIEI LG 0G5 1 ©

canmponent s t1éeok@ined at thedarrious poitdsge a hei ght of the hei ght gauge device
to enlarge its neasurenent range. This feature is 25 useful to neasure
different layers of wire | oops. An exanple of wire |oops 16 having

different geNgralmaRLENh 6|§%€Egtr%ﬁoléﬁ8ﬂmSﬁﬂ&ig{ﬂtﬁh%g a»r?]ee idT n'BeaNash gmmgﬂy

ei t her nove conponents o¥ pth cs nodul e ght gauge evi ce, or
t he ful M5heilglkt apduge,, dnd betwe2d Haxgand Hixshdhs highEstipointasvappraximatgly i ng
b ket 60 f | i i ght . . .

racke a(ljtrthg?#tgréer}:%oﬁ oq(yug two straight lines, as shown in figure 7. The value of

the height at the intersection may be obtained by linear equations.

A second method involves a formulaic curve fitting method, which will depend

20 on the wire bonder machine’s wire loop formation setup and process.

Another preferred feature is a mechanism to enable z-axis motion of the
( height gauge device, or components thereof, in order to change a height of
the height gauge device to enlarge its measurement range. This feature is
25 useful to measure different layers of wire loops. An example of wire loops 16
having different general height levels is shown in figure 1. The mechanism
may either move components of the optics module of the height gauge
device, or the full height gauge device.

30 Figure 8 shows a plan view of a coupling bracket 60 for coupling a height
gauge device 64 employing the principles of the invention to a wire bonding
mechanism (not shown) according to an example of one implementation of
the invention. The height gauge device 64 may include, without limitation, a
triangulation type sensor as demonstrated in figure 2, or a confocal type



gauge device 64 enploying the principles of the invention to a wire bondi ng
mechani sm (not shown) according to an exanple of one inplenentation of the
i nvention. The hei ght gauge device 64 mayq4 nclude, without limtation, a
triangul ation type sensor as denonstrated in figure 2, or a confocal type
-11- sensor as denonstrated in figure 3. The coupling bracket 60 may
preferably demsopastdetindrsteatedih figbhiee3t Mdte couglingobrasket 60 mapoprdfeabing t he

bond head of a w re bondj chanism so that the hejgh auge device 64
oy ea i o be it Por Kl wble har s SR aised Topbpstionaobe SsReRARIA hoad
such as an 5§, ' r QL - Al =G i in

o ros 1y it HoRAREY MdchaNRAK R it e M Q4G RGTICECEd Midy FhoRO BN

bondi ng opt iconjurmiichewif? a wikkibsinding treol ettiched usetihet lmonmb hieads sachmiasearbondi ng

rocess. _An osi.te en of the coupling bracket. 60 i.ncl udes a . CCD canera

67 to cabt urlreshnie Feprdycer ysediiph plitasppi (i of Bonding witss i R d'9gEe Bos

nodul e 62. %&%BhthQWinP%ﬂggém ﬁfblddias%ﬁ\fi@@&hdin@@ﬁﬂb@%&iﬂl?ﬁ%ﬂt to
e e

the wire bonding optics nodu Figure 9 shows a side view of

Cﬁupl i ng br ahieh i$geaawlimm8@|dttogaﬁ§&or dewire bosdingf proicgss.e A8 Omosi&rﬁgd/eri ng
| o d : f 58.0/41 OmYOS
Som conauct & The oGbiag oracket R fleed 2 EHEATRr? 578 el RddeRntEt T et e

hei ghts of e @énmﬁ@dmmttﬁeq&iré%ndwdpﬂcw&lﬁﬁ-azAnThblmarrg 4

lighting system in the formof a coaxial ring |lighting 65, nounted on the
under si 3@ ofdevice 64uplnreigrablidreunted adigcent tosthe wire henging eptics meadude i ng
light onto t bonded wire 68 in accordance with the 20 first enbodi nent of
the inventioff'as descri bed above. Thereafter, the CCD canera 67 nay be used
in conjunction with the wire bonding optics nodule 62 to approximate a

| ocation of a highest point_ of the bonded wire 68 accordi ngk to the first
enbodi ment . FAgurs §uskows a siden view £fdeg couplings bracket E0oandfhaigkt gawge i ng

cracke 50 A pan il 8 (8P el B SN REHELROTI PR O
t he coupbi ngydugeckalicéB4iis positionsd over a semiconductor device 66 that includes a
bonded wire 68, so as to measure the heights of one or more points on the
bonded wire 68. An illumination lighting system, in the form of a coaxial ring
lighting 65, mounted on the underside of the coupling bracket 60 may be used
to produce illuminating light onto the bonded wire 68 in accordance with the
20 first embodiment of the invention as described above. Thereafter, the CCD
camera 67 may be used in conjunction with the wire bonding optics module
62 to approximate a location of a highest point of the bonded wire 68
! according to the first embodiment.

25 Figure 10 is an enlarged view of a portion of the coupling bracket 60 marked
as "B” in figure 8. A plan view of the orientations of the wire bonding optics
module 62 and height gauge device 64 in relation to the coupling bracket 60 is

shown.

30 Figure 11 is a cross-sectional view of the height gauge device 64 taken along
sectional line A-A of figure 8. The height gauge device 64 is mounted to the
coupling bracket 60 by way of a mounting bracket 70. A mounting hole 72
may be included to screw the mounting bracket 70 to the coupling bracket 60.



30 Figure 11 is a cross-sectional view of the height gauge device 64 taken
along sectional line A-A of figure 8. The hei ght gauge device 64 is nounted
to the coupling bracket 60 by way of a-mdunting bracket 70. A nmounting hole
72 may be included to screw the nounting bracket 70 to the coupling bracket
60. -12- The hei ght gauge device 64 is adapted for vertical novenent in the
z-axis rel dihevheigbt gauge dmiicenGbisagtantedJor vartical snevanaentuinathe z-axis

i mpl ement at i ot h and

doan' i rect 1AL 46 Be el S3pd BF a0 s RARRG SRRl et b s
coupl ed to aivertibhatdmdvenserte rargy of 2aMm Werdotiealp rmweaamm difeticret igat or
may conprise a |linear nmotor that includes a vaice coil posi tioned

bet ween per ﬁﬂﬁ@ﬂﬂ“tnnodﬁ@@blyﬁthep'@)%'gm gRude daviee Bddp cguabdoﬁo Q%@Ct\W@FQfet%m | 74

SO as togzen t e
per manen nglgéne{éggfycﬁid erté%gn];{f[oi : ﬁg{ ctﬁgg\réﬁl#?%@v%p hcozrﬂrp fé[ﬁelfnéglr }:Tg)té'g | 74.
10 A ci rcui thatoaotudes bsvameaogematpdsh@nedpb@tbvetelmepbﬂnlhenigmmeakevﬁ&e 64

to generate and receive eI ec@gs)nl c.signals fromthe conmponents of the
device 64. Poeitionefy@Bselhelr &8s Qfnthed &picse cPbr / ‘br%e%%ltﬁgef‘ﬁ'é'eel"éﬁkcﬁbnlc

si gnal s. e CGRITRE | Hiln [
Ci ?cw t boarnlldb‘g%q-'?ﬁ‘tokHE pr oj ectﬁ%ﬁlggﬁﬁrgb ent tcf tﬁ%%é}&dﬁggﬁﬁ% ﬁt ?%Afﬂgm tted
fromthe | as:entrdlllogeztﬁlfént-sﬁlommm tHermlgélcmpV#cal conponent s, such as

collimatjng and focusing | enses 82 that focus the incident Iight 84 onto a
bonded re 68 of a sem conductor device 66. The incident light 84 is

reflected fro rtéwP(Hd&Trd% Fé“ﬁrrﬁﬁggédat%éeto 66F fHe RERMY Gauk %fﬁfﬂ&é’%ci' tght 86

that is passe rough i magi ng | Enses 88 20 1 maging op i cal conponents. A
posi tion sergane'ra/(e aV ireecio® alectpired sngnal&émnmthemumrhnmrdsm the deldaget ed to
receive reflect

light transmite t.hr h the enses
Gensi ng ¢ he Gos [MBHIBE & REPEEFNECIRHCE I Rros8SH B APRVRISHETIS Sarih o Ave
position, a ngﬁt gaarc@fccﬁnmé.@ PP ufdiel 8 id B6hledto [the ircéit b'E';'aFcP 7Bh6r
bonded wire 68 Is determ nab As is apparent fromthe set-up o 25
equi predb, tMOJsctlmgyllmmmfalughjn Imldantduht fé etmlitadg‘mrattheriaﬁelt d@deoﬁo |s
determ ning a hei qn Polnt onth ﬁled vml ?8 asdlglustr ted in
figure 2. passed roug opt componen suc as Collima Ing an ocusmg enses
82 that focus the incident light 84 onto a bonded wire 68 of a semiconductor
device 66. The incident light 84 is reflected from a point on the bonded wire
68 to produce reflected light 86 that is passed through imaging lenses 88 of
20 imaging optical components. A position sensitive device 90 coupled to the
circuit board 78 is adapted to receive reflected light transmitted through the
imaging lenses 88. By sensing the position of the reflected light 86 relative to
L a reference position, a height of a point on which the incident light 84 hits the
bonded wire 68 is determinable. As is apparent from the set-up of the
25 equipment, this implementation utilizes the triangulation method of

determining a height of a point on the bonded wire 68 as illustrated in figure 2.

The invention described herein is susceptible to variations, modifications and/or
additions other than those specifically described and it is to be understood that
30 the invention includes all such variations, modifications and/or additions which

fall within the spirit and scope of the above description.



The invention described herein is susceptible to variations, nodifications
and/or additions other than those specifically described and it is to be
understood that 30 the invention includes all such variations, nodifications
and/ or additions which fall within the spirit and scope of the above
description. -13- The invention clainmed is: 1. A nethod of determning a

hei ght of a highest point on a wire |oof8- conprising the steps of: 5
projecting illumnation lighting onto a predeterm ned portion of the wire

| oop and determning a | ocation of an approxi mated hi ghest point on said
portion ofha inventioreclagoedlimsed upon characteristics of light reflected from
the said |ocation; positioning a height gauge device over the |ocation of

t he approxi mated 10 highest point on the wire | oop; projecting incident

light from.the AeahgtHoddaf dRt&evhpg E_Ohei%;h{ Wé‘ﬂﬂéﬁ&ttﬁtﬁnt %ﬂpéomrg%sg.
hi ghest point; receiving with the hei ght gauge device reflected Iigh
produced feamprsieg thensteas®f | i ght; and 15 deternining froma characteristic

of thegeflect i : el f t ' j t LIL tive to a
refer er?ce surf ngecgﬁb'&ﬁ%{rﬁgggg@%hg&gi Q'S“’t %%rggﬁﬁg%ﬁ‘s%%g%{&ﬁ [r"ﬁi}%h&"r&nt
gauge devileep iandl detesmining 4 icuadiohadfi amnagprpRinsated ¢ighed® pdint Annadié @drtasscor di ng
to claiml1 or claim 2, :gner in the hei%ht, gaugg device includes a confocal
type senscff. the wirelaap, Pased oueeh Fhasadalstinge obrlighh sefiedted drerg theaisaid
wherein an @ﬂﬁirﬁ 25 of incidence of the illumnnation lighting at the

| ocati on OP t he'approxi mated hi ghest point is substantially normal to a
profile of the pasitoningp@ beighhgauyedevicenover. tha Iveation of tloe Bgpraximateehy one

of the precedi cl.aing, including determning the heights of a plurality
of poi']rq}tIO \Aﬂgﬁq%‘)ﬂﬂeorgﬁ‘ﬁd”'f% von. 30

projecting incident light from the height gauge device for illuminating the
approximated highest point;
receiving with the height gauge device reflected light produced from the
incident light; and
15 determining from a characteristic of the reflected light the height of the
said highest point relative to a reference surface.

2. A method according to claim 1, wherein the height gauge device includes
a triangulation type sensor.
20
3. A method according to claim 1 or claim 2, wherein the height gauge device
ihcludes a confocal type sensor.

4. A method according to any one of the preceding claims, wherein an angle
25 of incidence of the lllumination lighting at the location of the approximated highest
point is substantially normal to a profile of the wire loop at that location.

5. A method according to any one of the preceding claims, including
determining the heights of a plurality of points within the said location.
30



-14- 6. A nethod according to any one of the preceding clains, including
novi ng the hei ght gauge device relative to the wire | oop for determ ning
the heights of a plurality of points on the wire loop. 5 7. A nethod for
determ ning the heights of the highest points on a plurality of wre |oops,
conprising the steps of. positioning a height gauge device over a wire | oop;
projecting incident light fromthe heigih-gauge device onto the wire | oop
for illumnating a point on the wire | oop; 10 receiving with the height
gauge device reflected |ight produced fromthe incident |ight; determ ning
from a chaiact ehinsethodafeconbing 46 laoytore: ofi thhtprebedihgictditspinduting saivingpoi nt

relative t rreference surface:. vi.ng the hei.gh auge device relative to
the wi re | e SRIBEdgHRe A6 Bty Yo i wirddnoh kst ding (e BriehBr §j 20t ed
from t he hglugdity pp@iBtst@y tieewirdtisgpsects a length of each of a plurality of
wire | oops; wherein the scanning path intersects the length of each wire

|l oop at a plurality of positions. 20 B. A nethod according to claim7,

posi b1 o vhior o LB 16! Beter iy Aebts ordfe KRGkl ot 8% BLFRERY o

accor di ng wise ddapsncBmpristigudiergepdef. step of estimating a height of 25 a
poi nt proxi mate a highest position and a wire | oop based upon the hei ghts of
the wire | oop rRRIWHERT Fhaight daUGEARYIGRHRYENBDWECPRRe t he scanning path
intersects the wy i i i f d Ri ' a
hi ghest poi nt o&r‘\voji&\;\hhggﬁ?g%& hdhg(gra@g@rpe?ﬁés@wgﬁ u#g&@g%@ ?h%&ér@ﬁ éﬂr?tplf;aghti ng
syst em adaifuméhatiogm ppiat onithé wiredaopng |i ght onto a predeterni ned portion of

e UL poc?, SbeRid A BRLEY aBOBR ek RE R o SBLoLE RS o
incident light;
determining from a characteristic of the reflected light the height of the
said point relative to a reference surface;
moving the height gauge device relative to the wire loop along a scanning
15  path such that incident light projected from the height gauge device intersects a
length of each of a plurality of wire loops;
wherein the scanning path intersects the length of each wire loop at a

plurality of positions,

20 8. A method according to claim 7, including recording a height of each point
on each wire loop at each position where the scanning path intersects each wire
loop.

9. A method according to claim 8, including the step of estimating a height of

25 a point proximate a highest position and a wire loop based upon the heights of
the wire loop recorded at the various positions where the scanning path
intersects the wire loop.

10.  An apparatus for determining a height of a highest point on a wire loop,
30 comprising:



determ ne a | ocation of an approxi mated hi ghest point on said portion of the
wire 5 | oop based upon characteristics of the light reflected fromthe said

| ocation; a height gauge device positionable over the |ocation of the
approxi mated highest point on the wire |l oop for projecting incident |ight
to illumnate the point and for receiving reflected |ight produced fromthe
incident light; and a processor coupledl&e the hei ght gauge device for
determining froma 10 characteristic of the reflected |light the height of

the said point relative to a reference surface. 11. An apparatus according

to cl ai m 10, whaft Biumipationmighfing seslege akapted to iprejeratidluminatinglight entben t ype
sensiti ve Rredetcliriel BbAioHPolHEOIteNdob arfd 2 1Bt ool M6} UHLBRAPRINGT o

| i ght prodightdreflectedt frem ithei skadt poitight .th20lighs. re%apanpbemigusoaﬁgmedl fig to
any one of ,¢clainms 10 to 12_ wherein the vice | udes a
confocal tSPEMRERSD caggfn oﬂﬁ”ﬁ&’é?’ﬂmée%glgggﬁﬁ P@'ﬂ? BRaﬁ"i‘iFF BARIoHsO é}"él"ﬁﬁe 10 to
13, wher eli8op Based ubBRIchatdderiscaurinng igTeRbatka 1 MeslaSidtidnnat an angl e
of incidence of the lum nating l1ght projected at t ocation of the
appr oxi mat ed hiaheight g@Uge deyicesphsitiomabilalovgr o leslation ol the @ppreximitache wire

|l oop in that, lqcation, .15 .An apparatus accord one_of cl ai 10 to
14, wherei ?Gﬁsg Fﬁ%ﬁ‘gﬂ? th%éﬂﬁem&g’vio&@r?]gc@?%fntcfciﬁ{gd'gﬁa?%ﬁlé’mmﬁtev\xhreep‘ﬂa di ng
opti cs nodiHdfor deceivifg réffectéd |ightsroatitsd &@ﬁﬂﬂh@llﬁgdéﬁtw ame of clainms 10 to
15, including a |aser diode coupled to the hei device for

proj ecting i ncidi&recassghicobnled tonthe peight QQBQQIT?EVM é@pdﬁ@f’ﬁﬂ"'%@:émmg to
any ong of .l aldEedO JfAnd by I'e@fénuﬁ ROte P& gﬁte@?ghfﬁaginyoy t'i\fee (ypl ed

to the heig gauge devi ce Tor rec rving r pr o uced romthe
i nci dent Irle@h'éncé.SUrfaw apparatus determ ning the heights of the highest
points of a plurality of
11.  An apparatus according fo claim 10, wherein the height gauge device
inciudes a triangulation type sensor.
15
12.  An apparatus according to claim 11, including a position sensitive device
coupled to the height gauge device for receiving reflected light produced from the
incident light.

20 13.  An apparatus according to any one of claims 10 to 12, wherein the height
gauge device includes a confocal type sensor.

14. An apparatus according to any one of claims 10 to 13, wherein the
iluminating lighting system is arranged such that an angle of incidence of the

25 illuminating light projected at the location of the approximated highest point is
substantially normal to a profile of the wire loop in that Ioca'tion.

15.  An apparatus according to any one of claims 10 to 14, wherein the height
gauge device is positioned adjacent a wire bonding optics module.
30



10 wire | oops, conprising: a height gauge device positionable over a wre

| oop for projecting incident light toillumnate a point on a wire | oop and
for receiving reflected light produced fromthe incident |ight; a processor
coupl ed to the height gauge device for determning froma 15 characteristic
of the reflected light the height of the said point relative to a reference
surface; a positioning device configuretbto nove the hei ght gauge device
relative to the wire |oops along a scanning path such that incident |ight
projected front the height gauge intersects a |length of each wire |oop at a
plurality ®- poAntiaprpasatus@ceording temmyrene of staimsdithip 116, Mdiding & lasec! udi ng

ot (1 on Wi hBleg AETHK B Ak dolbe 18 Bldiatthd RdAsh b 3By In ™"

appar at us painbrding to claim 19, including a processing device operative to
estimate a height of a point proxinmate a highest position on a wire |oop
based upon the heights of the wire |oop recorded at the various positions

where te EANARGpBatdlus BEESRIFR B AdPoMd bPfa¥RB10 to 16, including a position

sensitive device coupled to the height gauge device for receiving reflected light
produced from the incident light.

18.  An apparatus determining the heights of the highest points of a plurality of
10 wire loaps, comprising:

a height gauge device positionable over a wire loop for projecting incident
light to illuminate a point on a wire loop and for receiving reflected light produced
from the incident light;

a processor coupled to the height gauge device for determining from a

15 characteristic of the reflected light the height of the said point relative to a
reference surface;

a positioning device configured to move the height gauge device relative
to the wire loops along a scanning path such that incident light projected front the
height gauge intersects a length of each wire loop at a plurality of positions.

20
12.  An apparatus according to claim 18, including a memory device for
recording heights of points on the wire ioop at each position where the scanning

path intersects each wire loop.

25 20. An apparatus according to claim 18, including a processing device
operative to estimate a height of a point proximate a highest position on a wire
loop based upon the heights of the wire loop recorded at the various positions
where the scanning path intersects the wire loop.



