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 heights
of various points along wire loops formed in a sem conductor nanufacturing
process, such as in a wre bonding proces$- The invention is especially
useful for, but not limted to, determi ning the highest points of wire

| oops conprising 10 bonding wires. Background and Prior Art Wre bonding
‘is used in the nmicroelectronics industry as a neans of naking 15
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ackground and Prior Art

Wire bonding is used in the microelectronics industry as a means of' making

15 electrical interconnections between semicenductor chips and substrates (such
as leadframe carriers and printed circuit or wire boards), Wires made from
gold, aluminum end 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
density is on the increase. As a resul, 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
paramgters. 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

employs a plurality of coaxial CCD cameras having their focal planes



enploys a plurality of coaxial CCD cameras having their focal planes 2

positioned differently fromeach other to viewa wire |oop. The wire |oop

is viewed by the CCD caneras and the wire inages collected by the

plurality of caneras are processed to dekermi ne the contrast and size of

the images, and the results are used to determne the profile of the wire.
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and doWh t emoved up and down to obtain a focused image of the dark area, so as to
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 resuit,
the need to lift and lower the relatively large mass of the optical system resulis
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 relativély large

mass slows down the apparatus. The imaging system is also bulky, and the
optics design is refatively complex.



30 neasure different points on the wire, and the notion of such a
relatively large nass slows down the apparatus. The inmagi ng systemis al so
bul ky, and the optics design is relatively conplex. 3 Summary of the

I nvention Therefore, it is an, object of -the invention to provide an

| nproved apparatus 5 and nethod to neasure a height of a point on a wre

| oop accurately, and to avoid sonme of the di sadvantages of the
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gauge device for determining froma characteristic of the reflected Iight
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- 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
determining from a characteristic of the reflected light the height of the said
point relstive 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.



4 Brief Description of the Drawi ngs An exanple of a nethod and apparatus in
accordance with the invention will now be described with reference to the
acconpanying drawi ngs, in which: 5 Figure 1 is an isonetric view of a
section of a substrate upon which stacked-dice are nounted, and dual

| ayers of | ooped wire bonds nmade between the dice and the substrate are

illustrated, .Figure 2 is a schematic side view representation of a nethod
of determ %@ﬁ%@@ﬁb@_&@m&j ect using a triangulation type sensor;
Figure 3 is a schematic side view representation of another nethod of
determ ning a height of an object using a confocal type sensor; Figure 4a

is a side \Arwxiamplsof & inethed ahé %a%tﬁk%%@:@oﬁfa‘ﬁ%ﬁﬂi | !Hé’ﬂ}ﬁgﬁéﬁgvignd a

lighting systembeing reflected by a wre | fornme

15 subst r atPWhBESIRACHEed With reference tb trs ammnmnwm@drawmgs; Prwhichgure 4b is
a plan giew of wire |oops formed between the die and the substrate, and
bright spots on the wire loops indicating |ocations of the highest points

f th & f
0 e W r Figoeps is Bindidbmetrid Siedv Bf ansestish ¢t 'a §ut§£‘tr‘é} \%HE&h mfiaék?c?do ops

determne profiles of selected 20 portions
accor di ng e a6 M@@Ufpiﬂdf aendatlal éaﬂmdmrfelubped w:febondemmdmbeﬁv&ﬁ ¢hed is a

pl an vi ew (?Ilceaaﬁ& t'hg?t]ﬁ?’tégtfjcﬂ%%g' vm r I oops together with a graphical

representatioh™o to points on wire |oops that

intersect Fig@eerRy ats)éhéﬁ%'ﬁﬂ's"ﬂb ﬁ%m é%tét{ﬁoﬁf %{ﬁé}tf\ggrﬁr&gﬁhﬂﬁl\ﬂb@e | oop

flgure 5, Figure 7 is a graphical rep esen
obt ai n&@ ﬂ\elg)"etrqf@mSomgc‘crmsm@a triaegwiatien hoesalsong a sel ected section of

it hemat | cAIRYeC3t Pl GEHeT 1 BS8VERb BRiEeniAon o STOMET BNPAgobr acket
oty o F s bagmear At LGN 8 bl Pl of i1
Figure 4a is a side view illustration of light 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
ilustrates how a highest point of the loop may be mathematically estimated;
Figure 8 shows a plan view of a coupling bracket for coupling a height gauge
30 device employing the principles of the invention {o a wire bonding mechanism
according to an exampie of one implementation of the invention:
Figure 9 shows a side view of the coupling bracket and height gauge device
of figure 8;



according to an exanple of one inplenentation of the invention; Figure 9
shows a side view of the coupling bracket and hei ght gauge device of
figure 8, -5 Figure 10 is an enlarged view of a portion of the coupling
bracket marked as "B" in figure 8, and.BHgure 11 is a cross-sectional view
of the hei ght gauge device taken along sectional line A-A of figure 8. 5
Det ai | ed Description of the Preferred Enbodi ments Fi gure 1 is an isonetric
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12, a hfi ght at the top surface of the second die 14 and heights at various
15 points of the wire loop 16. The wire loop 16 has a distinctive profile

16 and th@éﬂé,@@g@se@%ﬁgn ﬁth%hfre%ﬁ fd articular interest inawre
bondi ng proces ss whether the loop is
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12, a height at the top surface of the second die 14 and heights at various
15 points of the wire loop 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 assess whether the loop is property farmed 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



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 exanple, is a shift of
a position where the reflected light is6received since the |ight spot
position on the detector varies wth the neasured height, If a neasured
surface 24 is at a height of d above 6 the reference object surface 22, the
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focusing lens 38 onto a spot of light at a reference surface or depth 32.
The spot of light is reflected or scattered fromthe object at the
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assesses t Aetecknresd pr gensort by artmemm eplittér 4t A pinhole 37 is placed in front of
15 the point detector 38. The pinholes 31, 37 and image point of the pinhole 31
are preferably conjugated to each other. Most energy is arranged to pass
through the pinhole 37 et 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‘sa are known or determinable by system parameters and
calibration, the height of the measured object 24 can be obtained. |

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



Since the rel ationship between the object depth-and light intensity
received by the point detector 38 are known or determ nable by system
paranmeters and calibration, the height of the neasured object 34 can be
obtai ned, 30 In a common nethod, a notierfstructure such as a vibrating
device is attached onto the confocal optics so as to nodulate the |ight
intensity received on the point detector 38. Under this structure the
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3 are exanpl es of how a height of a point on an object can be neasured in
the preferred enbodi nents of the invention, and are not intended to be
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15 wire bonding process. Using this first embodiment, a location of a highest
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 lluminating 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 18 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 18 is principally
made from a metallic materia#, such as gold, aluminum or copper, the wire 16
is generally reflective. The illuminating light 42 Wiii thus be reflected from the
surface of the wire 16 in various directions, depending on the profile of the

30  wire loop 186,

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 18,
Where the illuminating light 42 strikes substantially normally onto the surface



25 characteristic of a wire bonder machine. Alternatively, substantially

~the whole of the wire |loop 16 may be illum nated. Since bonding wire 16 is
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bri ght spoltngycfglgﬁcle 0 J&g Hbeh%“ﬁ%?g"ﬁﬁﬁg“ gf}ﬂen@"%olgﬂﬁ qgﬁ ?"\?P?@ '?oops
16a -clfat theodecatiorat ndvse thecirdepéctivegiire Jodtis] 84-€ dhave 8 uH s tRIIG N
gauge horizontal profiles, and whereat the positions 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-¢
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 Iig'ht, 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 helight 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



device for illumnating the point to be nmeasured and reflected light is
received by the height gauge device. Froma characteristic of the
reflected light, such 25 as its deviation froma reference position or
bri ghtness of the reflected light receiv8d, the height of the point
relative to a reference surface can be calculated. For greater accuracy,

t he hei ght 4aes fe iCﬁ rrﬁ}/ be noved across a wdth of the |ocation to
.determ ne tﬂ% el g%he Pl93! pRUgE drViPeotBassidiuron thia heightshef thai glupaigasi on in
order to fi pdintéethaehsi "@#@sﬁt | of .the wire. 30 Figure 5is a
pl an vi ew. E&l aasj_ca'nprllfﬁgt (rég)t}?? nmé ) apecﬁ@tlrﬁbrﬁwﬁr oﬁolpelgcﬂa"s@?@;&t'étﬂfw-
portions of Ademaiiely, fithefpodition bbtieshigBesc ' nwRref erred
enbodi nent o{ tfgﬁgi ngﬁanti n. Using thi% Secgﬂﬁggﬁégﬁﬁgﬁﬁ&ﬁé?grﬁ%@ Y a
plurality of! PEI9HES oBRAIRed: 3 heigit gageadevide canrie etbved {E0Mah ok ien Vb’ ©

| oop 1659 rg ' [; e .devi ce. Based upon the heights of
the plurali t@é%%wﬁgggﬁﬁi@e{}ﬁ%&m?@ﬁgp?ﬁm fAecyne st point on a wire |oop 16

can be estimated. Alternatively, if the position of the highest point is
estimated fgromthe plurality of heights obtained, a hei ght gauge device
can be mve%t%%kegrfagep%iﬂ @he traourtedi erfot 4 ysubstater 401 hevikeidtis 96 drbat

poi nt accur : ed di : are. . nounted on a substrate 10. Wre
| oops 16 ar@hﬁ grlr)red et %eee!low?{églieoigrmﬁfg‘elfu ﬁ'ﬂatﬁhig-suﬁsﬁlﬁ@tbée heighh

sui t abl e hedajge dgaivgesaehy s @neSuliz i n{ég{} L
princigles .as. described 10 in fi guirzg%;th%pﬁﬁsgwlrele ,gqr}sﬁ&gpéggs%fesggg??i on A
over tH@ di'Ezfg}Jﬂ? 2107 fighre hutbs sebdlea positioRaA aveniendive m2nti4i snd Listhstizé t i at ed
bet ween theygubstrate 10 and dice 12, 14 on the one hand, and hei ght gauge
device on the other, along a scanning 15 path 50 indicated by dotted |ines
in figure 5. Most preferably, the height gauge device is noved, The

scanning p r] go I s arranged such that incident |ight projected fromthe
hei ght gaué%eﬂ VF Qovamentde dhen ipitiatedthetweer tivh substeatel band @idd 12 14

The el ght galie 28 el 4 MRl Hotct et e tiar mgna seanring

15 path 50 indicated by dotted lines in figure 5. Most preferably, the height
gauge device is moved. The scanning path 50 is arranged such that incident
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 poinis 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 ar
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

lcop 16 at each peak is determinable by the height measuring apparatus and



20 formof an XY table (not shown), If 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 Zin a spiral fashion. Alternativepy, the scanning path may conprise
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

obt ai ned atmay p@qg@@r_dregsw 4 ﬁﬁpngrgrd%eebmm ?;?ﬁﬂ?eiﬁ‘%t %%gqugﬁﬁgs poi nt
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determ nabl e by the hei ght neasuring apparatus and -10 may be recorded by a
menory devi ce of the system The sane routine is used for another pass of
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| oop, and 18 sy be esathymatigaly eammﬂdebﬁacprvh@haﬁatsewha%iﬂé gdﬁpthe_

|l oop 16 may. be mat hematical:ly estinmated based upon .the heights of the wire
loop 16 obkSphteined 3%@ MAIOUS PPIE8I nts. A first method invol ves

extrapol ation. Straight lines are drawn between points 15 hlx1l and h2x2i
and between h3x3 and ham The highest point is approximately at the

i ntersecti gnfiadt méhotMipvsilegiegithpdlbfies. SHaight NARE airé‘dfémbﬁween-r?&niéa' ue of
the height at the intersection nmay be obtained by |inear equations.
1 hix1 and hpx;, and between haxa and hgxy. The highest point is approximately
at the intersection of the 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 8 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 eniarge its measurement range. This feature is

25 useful to measure different layers of wire ioops. 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 empioying 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



A second nethod involves a formulaic curve fitting nmethod, which wll
depend 20 on the wire bonder machine's wire |loop formation setup and
process. Another preferred feature is a nechanismto enable z-axis notion
~of the height gauge device, or conponentld4 -t hereof, in order to change a
hei ght of the height gauge device to enlarge its neasurenent range. This
feature is 25 useful to neasure different |layers of wre |oops. An exanple
of wire | ooH¥'SES as@eMAgsatetdndigurg@nefhe coapliig bravket 80irfiay heuaratly f i gure

1. The nec ' I .tyher e conponents of the optics nbdule of”the
hei ght gaurg]gé] hﬁ%]vqt%@l{o %P ){féatfqg?ﬁl‘atri%' uspd tE pesiicping the tringuheadokions a
pl an vi ew okir@ BsHdMd e t C | | ght auge device 64
enpl oyi ng the pri _nci%[ eséy(()f t esclpméetn hFoﬁ&Qh{ gg'\?\ﬁ? rebe%%?dpﬁg"a i m (not
shown) accdifywrction with ex sins-komding teoii attdctentoathieoBoRd hehlie s| @Y &t ipn. The
hei ght gauq_ﬁtrg&égﬁg 64 ma%r i ne(r:d %de without limitation, a triangulation
type sefsor  as ROSALEeUS f slirasopic welding ebberding wirese In figura@nsor  as
denonst r at athd 8nd iod thee c8upli ' rfj’%'k .60 ref.erabl

mounted to an XY tabl eéﬁﬁeﬁbeti)?%gﬁs%@ﬁ?s% o?%%s?%ﬂﬁﬁgi'%g‘%ﬂﬂgﬁead
~a wire borwihiah isrgenaralynussd tchaonitbe atveirg bongimdgsrodeys. ¢ AnddppBite B |
conj unctio% %th a %rgb n iGE}g tool attached to the bond head, such as an
5 ul trasonit 07 SSRGS r?@‘@g opclides 60 camen Ag tofcapburei impgesrthat | n
figure 8, pagarfignigkdt ' r : ' s a w re hondi ng
optics rmodul e 62, mﬁgcﬁﬁpgﬂg%ﬁgﬁﬁ?ﬁ@%h%ﬂ%ﬂ#%ﬁ aﬁ?\? ﬂ?’%’gnﬁqﬁj’
procesd0 Asleyinsobd tie peefgratsy moenteduadjacenttoankaiiré Bohariguesiesdma@Mec amer a -
67 to captﬁ;r,e i mages that are transmtted fromthe wi re bonding optics
nodul e 62. “The hei ght gauge 10 device 64 is preferably nounted adjacent to
the wire bonding optics nodule 62. Figure 9 shows a side view of the
coupling bracket 60 and hei ght gauge device 64 of figure S. By nmaneuvering
the coupl i iguealkeitoves a side Wiewgf e @apling deucket 66 drii PeRjHL gaR@ over a
sem conduc?gr. %eﬁjé%g f66 tg,?tcﬁ'ncl udes a bonded wire 68, so as to neasure
the hei ght FCo GHEP ‘pothMangHveHRg the coupiing bracket 60, the height

15 gauge device 64 is positioned over a semiconductor device 66 that includes a

of
n

bonded wire 68, so as to measure the heights of one or more points on the
bonded wire 88. 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 onte 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 80 marked
as "B” in figure 8, A plan view of the crientations of the wire bonding optics
module 62 and height gauge device 84 in relation to the coupling bracket 80 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.



bonded wire 68. An illum nation lighting system in the formof a coaxi al
ring |ighting 65, nmounted on the underside of the coupling bracket 60 may
be used to produce illumnating Iight onto the bonded wire 68 in

accordance with the 20 first enbodi nent -of2 £t he i nventi on as descri bed

above. Thereafter,
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conpri sing gnt ggﬁFcedéoonqgriggg'asla%gny Rlgd &6 is coupled to the circuit board 78 for
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projecting incident light. Incident light 84 emitted from the laser diode 80 is
passed through optical components, such as collimating and focusing lenses
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
88 to produce reflected light 86 that is passed through imaging lenses 88 of
imaging optical components. A paosition 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 fight 86 relative to
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

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 cther than those specifically described and it is to be understood that
the Invention includes all such variations, modifications and/or additions which
fall within the spirit and scope of the above description. |

the CCD canera 67 may be used in conjunction with the

ng optics nodule 62 to approximate a |ocation of a highest point
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15 projecting incident

of a sem conduct or

light. Incident light 84 emtted fromthe | aser
diode 80 is passed through optical conponents, such as collimting and
focusing lenses 82 that focus the incident light 84 onto a bonded wire 68

device 66. The incidegt light 84 is reflected froma

5

point on the bonded wire 68 to produce reflected light 86 that is passed

. through i magi ng | enses 88 of 20 inaging optical conponents. A position
sensitive delA{MS90 coupled to the
reflected light transmtted through the

position of the reflected light 86 relative to a reference position,

hei ght of ] i incident Light 84 hits the bonded wire 68
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of a point on the bonded wire 68 as illustrated in figure 2. The invention
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t he above description. -13 CLAIMS: 1. A nethod. of determining a height of a

poi nt on a wi re receipingowitipthesheight ghegs tepise oéfledop light produted froreirght
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At
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eristic of thé're

2. A method according to claim 1, wherein the height gauge device
includes a triangulation type sensor.

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

4. A method according to any one of the preceding claims, including the

steps of, after forming the wire loop, projecting illumination lighting onto a
predetermined portion of the wire loop and approximating a location of a
highest position on the wire loop based upon characteristics of light reflected
from the said location, and thereafter positioning the height gauge device over
the location for determining the height of a point within the location.

5. A method according to claim 4, wherein an angle of incidence of the
illumination lighting at the location is substantially normal to a profile of the
wire loop at that location. |

6. A method according to claim 4 or clalm 5, including determining the
heights ‘of a plurality of points within the said location.

%hei ght
2. A nethod according
I ncludes a triangul ation type



3. A nethod according to claim1l or claim2, wherein the height gauge

devi ce includes a confocal type sensor. 4. A nethod according to any one of
the preceding clains, including the 20 steps of, after formng the wire

| oop, projecting illumnation lighting ofte a predeternined portion of the
wire | oop and approximating a |location of a highest position on the wire

| oop based 7upon characteristics of light reflected fromthe said |ocation,

~and thereafter ghdnethes agcendingde @y gaegef theinreceding claines, | inclatlingn f or

determnin ' - af Lat. withi.n the |location. 25 5. A pethod

accor di ng ??)6\@‘%%{}%%& '%ﬁe?%i‘ié)gﬁv'gﬁd‘fggat'w tPﬁéFd@'ﬁ%éoQH forrdetermining thet i on

l'i ghting ametig‘mslo@gqjmmy 6f SoibGt itHeallry (gt Ml to a profile of the wre

- loop at that location. 30 6. A nmethod according to claim4 or claimb5,
including determning the heights of a plurality of points within the said

| ocation. gxl4 7. od_ accgordjng to any one of the preceding clains,

i ncl udi %‘g 8r1mvi @%%ﬁgaeg rg'&gu{?egleg()ige‘x’r'@ﬁé@ itbﬁ helghtgayge ds mayeds or
det er mi ni ngelakice fecitwdt\wiral IcapPWHial { bt : | 5. 8. A
met hod according to clai Ir% 7, \R/heréi n wé'ﬂ{?eﬁg‘?ﬁ 'gaﬁ{g%éﬁtlg@e#n\%gﬁétgﬁ@?@t ive to
the wire | §&810M8INY.e the wire loop is maintained substantially stationary.

9. . Anethod according to claim7 or claima8, including noving the height
10 gauge device relative to the wire | oop along a scanning path such that

i nci dent |igght @ A4 | / ' | ength °
of the wre |oop, %M%'sffr{ém%@?@ %nég?gq ?’gﬁﬂhgﬁig{/w&érefggﬁﬁ%m&%@anni ng
pat h i er gavge davice helativegtdisthef wizeplospahidng af svanring qsts. sich thatmet hod

according to.clai,mn9 or. claimnl erein the scanning path intersects the
| ength of ﬁ’??ég%’m‘%r"@h?BB%eS{E%a@?JP?}PQWEE%ﬁcsraugssqec\ﬁ*%@terzediza. lengteehibe
accordi ng WareClogpm 11, including recording heights of points

10. A method accordiﬁg to claim 8, wherein the scanning path intersects
15  the lengths of a plurality of wire loops.

11. A method according to claim 9 or claim 10, wherein the scanning path
intersects the length of the wire loop at a plurality of positions.

20 12. A method according to claim 11, including recording heights of points
on the wire loop at each position where the scanning path intersects the wire
loop.

13. A method according to claim 12, including the step of estimating a

25 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.

14. A method according to claim 12 or claim 13, including the step of

30 estimating a position of a highest point 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.



on the wire | oop at each position where the scanning path intersects .the
wire |oop. 13. A nethod according to claim 12, Including the step of
estimating a 25 height of a point proximate a highest position on a wire
| oop based upon the heights of the wire-#dep recorded at the various
positions where the scanning path intersects the wire |oop. 14. A nethod
according to claim12 or claim 13, including the step of 30 estinmating a
posi tion of 1% hifHesthodoacnordingdovameche o thepeecading cdimsheicilidiag @e t he

wire loop r r .the vanio sitions where the scanning path

i ntersects %ﬁé °\?m%ﬁéﬁb8‘8pﬁe h-e%‘tf’gih&% gauge éﬁ%‘g’rtd@t%fﬁyn'ﬂe’ﬂ beighbe
precedi ng odfad psint bﬁ(ﬂwé}g”ﬁ-é’lﬁgop?tep of changi ng a height of the height
gauge device for determning a height of a point on another wire |loop. 16.

An apparatus for determning a height of a point on a wire | oop,

conpri sikng: hej ght qgauge devic paositionabl e gver the point on the wire
| oop fo? png e tﬁnﬂ’ng{t?ﬁ{feg?r F'quﬁfmriiagmfmhfapz 4 ReiplooRt aaviref ivep,

recei vi ng I‘@j‘nhﬁq‘éiﬁ L light produced fromthe incident light; and 10 a

. processor coupled To the height gauge device for determning froma

characteristic o height géuge tedceipgisitionablehevertheqioithen s diroioap foe! ative
to a reference .sur.faae. I17. JAn Lﬁ_g@arat us according to claim 16, wherein
the hei ght RJIeGENgd0sident Hgntita diumivate the paing @ndtfobreasjyiag sefleded ligat An

.appar at us qﬁﬁﬂﬁgéd‘ﬁoﬁﬂfh@ il igbé{:‘)“dm: Shai m 17, wherein the height gauge

device includes a' confocal type sensor. 20 19. An apparatus according to
any on&0of cl ai rspt@essod Boupiadltodhebeiynt galibarievide fon detarhiinig fPomtem
adapted to project. illumnating |ight onto, predeterm ned portion of the
wire | oop acﬁ‘(ﬁ'ré[a&fef'ﬁtﬂﬁ °rg%%ﬂf”‘@‘?&sﬁd%3‘§3&h? deighteph/the saighpoipbrelativedo fr om t he
sai d porti oafdrefcaBafaxd mating a | ocation of a highest

17. An apparatus according to claim 18, wherein the height gauge device

15  includes a triangulation type sensor.

18.  An apparatus according to claim 16 or claim 17, wherein the height
gauge device includes a'confocal type sensor.

20 19.  An apparatus according to any one of claims 16 to 18, including an
llumination lighting system adapted to project ililuminating light onto a
predetermined portion of the wire loop and a light receptor adapted to recsive
light reflected from the said portion for approximating a location of a highest
position on the wire loop basad upon characteristics of the light reflected.

25
20.  An apparatus according to claim 18, wherein the illuminating lighting
system is configured such that an angle of incidence of the illuminating light
projected at the location is substantially normal to a profile of the wire loop in
that location.

30

21.  An apparatus according to any one of claims 16 to 20, including a
positioning device configured to move the height gauge device relative to the

wire loop for determining the heights of a plurality of paints on the wire loop.



position on the wire | oop based upon characteristics of the |ight 3
reflected. 25 20. An apparatus according to claim 19, wherein the
illTumnating lighting systemis configured such that an angle of incidence
of the illumnnating light projected at_q%q | ocation is substantially
normal to a profile of the wire loop in That location. 30 21. An apparatus
according to any one of clains 16 to 20, including a positioning device

configured 22 nomg bE?aﬂﬁﬁQ"ﬁcoﬁ%ﬁ?i@e)ﬁioa?rﬁpgﬁ’:q,?\téﬂ%ﬁin: ﬁéet \Ibeelj@\q/: é%bclgé)gg_ zgr

determ ning the heights of a plurafity

22. An appafeipled atec dheli positioningadevied, forhetovemertewhpé dite 9AI%0ds is
coupled to the positionin ,tagevi ce for novenent while the wire IoopPsis :

mai nt ai ned @&B’gg@ﬁﬂ%ﬁﬁﬁ"ﬂ Y SEHIONATY.5 23. An apparatus according to claim
21 or claim 22, including a scanning path conprising a path of relative
novenent between the hei ght gauge device and the wire |oop such that

inci den® |i2fht pApjapptsedtubr asookding 8i dditn 29281988 O w&angd §ﬁ£ﬂrﬁn f the
wire | oop. gl% 24. An apparatus according to claim 23, whereln the scanning
path i nt erREBt SOMRESINGn &t Rathyrof arefativeamavemsntubetwaenoee HelghtAgaagear at us

di ng to.elaim.2 c| ai in t ' th infersect
the’ T engeh e SR el e ey WA Refhebf TgBE PRaleRd Ramoe haoht - °
appar at us ayngyedintgrseotscd Ringt2bf thengire!tidpy a nenory device for recording

hei ghts of points on the wire | oop at each position where the scanning
path intersects the wire |oop. 20 27. An apparatus according to claim 26,

“includkRg r oceS S| | ce for. estinmati a height of a pojnt proxinate
a hi ghggt gztfis?i t i"gﬁ %ﬁg%g@lyér .eaecicgg%ng bg’se%a'ﬂb%'t W@eFé?gmes WRFWE RRHE | oop
recorded atintefseststh® engtes bf 4 PNfrality of wire loops.

25, An apparatus according to claim 23 or claim 24, wherein the scanning
path intersects the length of the wire loop at a plurality of positions.

15
26. An apparatus according to claim 25, including a memory device for
recording heights of points on the wire loop at each position where the
scanning path intersects the wire loop.

20 27. An apparatus accoerding to claim 26, including a processing device for
estimating 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.

25 28. An apparatus according to any one of claims 16 to 27, including an
actuator coupled to the height gauge device for changing a height of the
height gauge device relative to the wire loop.

29. An apparatus according to claim 28, wherein the motor is a linear
30  motor comprising a voice coil positioned between. and movable relative to
permanent magnets.

30.  An apparatus according to any one of claims 16 to 29, wherein the

height gauge device is positioned adjacent a wire bonding optics module,



where the scanning path intersects the wire |oop. 25 28. An apparatus
according to any one of clains 16 to 27, including an actuator coupled to
t he hei ght gauge device for changing a height of the height gauge device
relative to the wire loop. 29. An apparays according to claim 28, wherein
"the notor is a linear 30 notor conprising a voice coil positioned between.
and novable relative to pernmanent magnets. 30. An apparatus according to
any one of clainms 16 to 29, wherein the height gauge device is positioned
adj acent azﬁirengondin optics npdule. -17 31. An apparatus according to
any one of ‘tl-ai ns" 13PRAAKS agersdidignta Bey dnei ghtclagmegts devds; ewherdinidies a

| aser di odeyd;i ' j inciden jght. gnto the point. 5 32. An
appar.at us gqc%gﬁtdgﬁgé?o%tég% '5'%@‘%? g(!J]“lé\Efqné'o%% fpe Pegjecting. Insideny light sote t i on
sensitive dbgipointcoupl ed to the hei ght gauge device for receiving
reflectgd | i ght produced fromthe incident |ight,

32.  An apparatus according to any one of claims 16 to 31, including a

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





