AN APPARATUS AND METHOD FOR | NSPECTI NG A SEM CONDUCTOR PACKAGE FI ELD OF
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(for exanple, visual inspection with/w thout use of a sensor) are flawed

pector. 30 Hence, there is clearly a need for inprovenents
gurptaaqqﬁgﬁg@gnr@ﬁtl%tlmeg #re puepadility of producing a defective component

also increases. Given that die and wire bonding typically occurs at a downstream stage of a
semiconductor production process, the cost of a defective product due to a bad interconnect
is high relative to a defective product which is detected at an early stage of the production
process. It is currently possible to measure a height of bonded wires. This is also known as
loop height. It is also possible to carry out inspection for the quality of the die/wire bonding as |

well as the integrity of die/wire/substrate after the bonding process.

Typical inspection methods for wire bonding (especially in the wire profile area) are usually
carried out either manually (for example, visual check with a microscope, contact inspection
and the like) or in a semi-automated manner. Such inspection methods are unfortunately slow,
fabour intensive, costly, and aiso prone to suffer physical damage due to contact and/or
electrostatic damage. Moreover, manual inspection methods (for example, visual inspection
with/without use of a sensor) are flawed due to human limitations, and are highly subjective

and dependent on a human inspector.

Hence, there is clearly a need for improvements pertaining to inspection methods for wire

bonding.
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bonding. 1 1 SUMVARY In a first aspect, there is provided an apparatus
"for inspecting a sem conductor package. The 5 apparatus includes at |east
one 3D canera positioned at a first angle relative to a nornal axis of the
sem conduct or package; and a |ight source configured to provide
illumnation for the at |east one 3D canera, the light source being
directed sgmmMmmysem conductor package. It is preferable that the at | east
one 3D canera and the light source are arranged in a fixed configuration
relative to one another in the apparatus. The at |east one 3D canera can be
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Pref erably, source I's positioned at a second angle relfative to

t he nob mahpraxdtss, mtdqm@st least boe 8heanagdra be:am;:tnedmea Bir miﬂarebtlveltp alrwrrpal@f(ler abl e
that the f#trst an etand %hes qﬁlt a :Emm"?g' n, 91 ion,
the |ight sgﬁf‘%@c VOBEPT PR % &4 stOH 'gﬁe P1oV'Es 5?1’513 %”r LB ure. It
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processi ng device is confi gtured to carry out inmage processin The
appar at us PieERFabig &hptBke Pbleattatnee3tapyn t37e thefighil 5°55€F§re ?Hé“gégﬁ%t a6 may

further i pslig@8ich RRHCAREERS arikkran thd 4gpEIRA! TIRNaBAUbRe 3OREMEYIEHA b0 20
provide illumnation for the 2D canera. The 2D canera can be either an area

scan danerenfigyred td hepivoseckaboreneoraxial as af an fshagingleabl e that the illunination
nodul e is configured to generate different lighting techniques at different
wavel engt hs. The 2D canera can be configured to be pivoted about a co-axi al
axi s of aPrefarsigy, nge llighssou’sl in p@sisewdnd aspeod ,anglherlptitestptieviaded axinet hod
for i nspegérlmrsll e tab t %rgt e%?tdcg'lncet3%r ca%aégés%lgies}'pre-wrgble that the first angle and the second
angle are acute angles. In addition, the light source may be transmitted through a small
15 angular aperture. It is preferable that either the at least one 3D camera or a separate data
processing device is configured to carry out image processing. The apparatus may also be

rotatable about the normal axis.

The apparatus may further include a 2D camera; and an.illumination module configured to
20  provide illumination for the 2D camera. The 2D camera can be either an area scan cameraor a
line scan camera. It is preferable that the illumination module is configured to generate
different lighting techniques at different wavelengths. The 2D camera can be configured to be

pivoted about a co-axial axis of an imaging lens.

25 In a second aspect, there is provided a method for inspecting a semiconductor package. The
method includes casting a shadow of a bonded wire onto the semiconductor package;
obtaining a 3D image of the semiconductor package; determining a distance S of the shadow

and the bonded wire in the image; and obtaining a wire loop height H of the bonded wire.

30 Itis preferable that a plurality of the distance S is determined to compute a height profile of

the bonded wire.



mét hod i ncl udes casting a shadow of a bonded wire onto the seni conductor

" package; obtaining a 3D image of the sem conductor package; determ ning a
di stance S of the shadow and the bonded wire in the image; and obtaining a
wire | oop height H of th nded wire. 301t | referable that. a plurality
ot he_a sEaldareeele s Britinaes & okt veces Tl peberrtAgrrTalbonded
wire. |tgrdatabsPa Rorefaeiadfend faticonBetPatiapg@nl sheaBbdiwie dast §éimda Rsh8D
canmera positioned at a first angle 13 relative to a normal axis of the

sem condutUERe PREERBGEST 2 4FANY ARE S I INE TR thedief M3 SKi@PACT R ghthesRmper:
posi ti Oneﬁme%irﬁoéﬁ?e@%wH%’.@Jo@(aﬂ/si&ﬁh@)t.i ve to the normal axis, opposite to the
I ght

3D canera. The wre 1oop heig I's S.cos(a)/sin(a+13). 5 In a final
aspects there is provided an apparatus including at |east one 3D canera and

at | east gne. ljght source, the apparatus in or. inspectin
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DESCRI PTI &M 16kt fduddRIEe dpparatud @eing fatindpb@ing aes@itbndudtoe phdkage While daayihgl |y
understood and readily put into practical effect, there shall now be
descri bed®¥yhe@{gregrentingdmetiadat i ve exanple only preferred enbodi nents of
the present invention, the description being with reference to the

15accorrpané| nﬁgpt-i | lustrative figures. Figure 1 shows an i mage of a bonded
wire fif onPERRIATIONGHYEYBES. Figure 2 shows a sinplified view of a
canera-lighting apparatus to create and i mage a shadow of a bonded w re.
20Fi gure 3 shows a sinplified view of how a shadow of a bonded wire is
creat ed amdorderaiyedtheFirepgnteindersioowsayabef fubntinderseeedodndarebdilystut énb edictiet of a
camera-|i e}c!c,ntg\eraép&aéqlargoldvs b(tgfdetsprﬁ)egrt;eys%Q;E olf nn\{)g-rlllHitg{?\ie example only preferred
embodiments of the present invention, the description being with reference to the

15  accompanying illustrative figures. -

_Figure 1 shows an image of a bonded wire from die to substrate.
Figure 2 shows a simplified view of a camera-lighting apparatus to create and image a shadow
~ of a bonded wire. | _

'26 Figure 3 shows a simplified view of how a shédow of a bonded wire is creéted and imaged.
Figure 4 shows a front view of a first embodiment of a camera-lighting apparatus of the
present invention.

Figure 5 shows a perspective view of main components of the first embodiment of a camera-
lighting apparatus of Figure 4.

25  Figure 6 shows a top, front and rear view of a second embodiment of a camera-lighting
apparatus of the present invention.

Figure 7 shows a sample 3D image obtained using a camera-lighting apparatus of the present
invention.
Figure 8 shows a simplified view of a 3D camera pivoting about a co-axial axis of an imaging

30 lens.

DESCRIPTION OF PREFERRED EMBODIMENTS
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Fi‘gure 5 shows a perspective view of nain conponents of the first

“enbodi nent of a canera-lighting apparatus of Figure 4. 25Figure 6 shows a
‘top, front and rear view of a second enbodi nent of a canera-lighting
apparatus of the present invention. Figure 7 shows a sanple 3D i nmage
obt ai ned using a canera-lighting apparatus of the present invention.
Figure 8 sliop@sent ShvBRtidn’ bradddd SWasfarAusSIhC AERIE B MOsdchigh et wireoRd axi al
axis of an |nag|n? 30l ens. DESCRI PTI ON OF PREFERRED EMBODI MENTS The
present i packeeei Ehiaorsboweids Fignreappufiah irseffastvangelible, mspsurerspdciriveny 2ad post
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al | produgiogud@ion tthefl REbAd BNagpr &RESthal the Poaubickbbed paRigcoakedisé bat t he
post wi rebond package 20 can al so be deened to be a sem conductor package.
10Ref er r i AP tEPYRPENIZONdHHRTRICKESshown a sinplified setup for casting and
i mgi ng a shadow of a wire 19 in a wirebond package 20. There is provided a
3D canera 22 positioned at a first acute angle 13 neasured froma nornal

axi s 24 ofefetog i Fiebgﬁdthpradk%tgwnzaimn“ﬁed setumptor eastieg el imAging @ Bhadpwofal axi s
24 is an axi i I ardl ess
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provi ded andld @Iﬂn’éaiﬂmdl’fm 2 ooriral ap(esmtof thiaedreadndpasiege Dl 1Ec sripee catef maahmeasur ed
fromthe nor axis 24 at an opposite side of the normnal XIS npared
to the 3D"¥ ?’&5 Ho's apifis Yt SRR %%t?éh% Wirehond parkasg 2 g’eﬁé ebond
package 2@rientdiRdnldf et wisdHohE BackBgCAN IMRIdRfonathedede aB& bRRided afik@oudco e
exanpl e, tel ecentric, parallel, quasi-parallel light, single spot
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t he caner ane2|?ght St@rbe a6,is Ligyd &;xaaapbe;hawvgloe troa‘ w'irla|]I9 ordlth?et am@eatfe rgen thens, and
the like will depend on user uirenents for paranmeters of the captured

|nage2°25'”§ﬁ‘t’ﬁt'%'5 "4TlsFog 9% A5t WrehGpY PRckFBe 291 PGSR torbe@meRRd yeugkind t he
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principle. Tilt parameters for the camera 22, such as, for example, angle of tilt, distance from
lens, and the like will depend on user requirements for parameters of the captured image,
25  such as, for example, optical resolution, image quality, and the like. For the sake of illustration,
the camera 22 is shown to be in a f_irst position of “A” and subsequently moved to a second

position of “B” so as to obtain a desired in-focus full field of view of package 20.

Having the 3D camera 22 positioned at the first acute angle B allows the 3D camera 22 to
30 capture appropriate images regardless of surface finish of the wirebond package 20. If the 3D
camera 22 is positioned directly above the wirebond package 20 with light coming from the

side, the 3D camera 22 will be able to capture shadows but not when the surface of the
4



Hdvi ng the 3D canmera 22 positioned at the first acute angle 13 allows the
3D canmera 22 to 30 capture appropriate inmages regardl ess of surface finish
‘of the wi rebond package 20. If the 3D canmera 22 is positioned directly

above the vvlre e 20 ht c m n romthe sjde, the 3D
amera oot packads B BSS e dnbh irotes S ot Ste £He oGTEd HREUEE ¢ he 4
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finish. B g 22, wires bonded in different directions
can al so 'ggrraags%rrs%ﬂ% t:%eeij—‘ég[;%ue(r%'e s a si nplified view of how a shadow of a
bondedswire is created and i maged. The positioning of the 3D carrera 22 and
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imge 30 of the wire shadow and a second image 32 of the wire 19 are

capt uied b%/lStCﬁEOGDS@aﬁﬁﬁé7Z@rﬁmﬁ‘t*ﬂwlr@op@m*%@ﬁ@ws&!ﬂ Iltumnaé;'eeﬁnm thelighe angl e
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th } 4 0
aperture % rcﬁszecflacef?lﬂﬁﬁe acuﬁetanéc?ucj‘rrgeeas ( %sfrcc)’matse noml%o’bst Z&f P Cont r ast
of the w L2 AThad@uge®0 df ke \sutdasﬁadc&t endla/secdrivd miagratpes t&@wlram aeeaﬁtmd $eparat e

portions of a conmon inage that is tured b 3D canera ically
Phe. commomeibagBer Lt Tt PEETed St FeaasteRe wefh oo e B F Beghd & o
the Wre LRIk abdirit 18 A HALINgLIBRGRIR. is Fed Wi the HEHR\WSurée SA8Hs &0 COMDN
i mge which 20 includes the imges 30, 32 for a typical w rebond package

20. THE dpeiRdishSopEsheidhe wieshadew aathe ssbstiagsl’eor responds to wire 19

posi tion above the substrate 17. Referring to Figure 7, a left portion of
the image is nore sharply focussed conpared to a right portion of the

i mage.. | nTioridegest39, §2erettive sépdrdte BQWionnoff ocuremont inese tireisaaputed yabe3® o be
tilted relativ tical aX|so.n

processi n&a"é‘ﬁ%?%/ yecs E'Y HETESHDRES ! ”%tégiﬁ Vﬁ%’gzgflarrggf 'R W% foéreépog’ét%et ween
centres othetWil ithagee3d MAGBreIRadiNimaké 80. Fhrataovshowngandle (@smshiaage ihicki gur e
3). The image processi ng anal ysis can be carried out by using proprietary

sof t waPe RVEF theEragercll) Bstor 8 Vpéﬁab‘ﬁ'fquﬂﬁ’rﬂaci‘ﬁﬁe&QtB}erﬁ'sFPé‘C%ﬁEetM’ie'é’i HRcWeS, The

i mage pr 0G§§§ﬂn¥!gccﬁ1&%dﬁ%£ 1) \M?’éhgt}ﬁ)s%éﬁ kol tRULUbs3RE iﬁﬁéfeirmgwﬁgﬁgh cABRra 22
or in a separate data processing device. The wire |oop height
portion of the image is more sharply focussed compared to a right portion of the image. In

order to get the full FOV in focus, the camera will have to be tilted relative to an optical axis of
an imaging lens.
25
An image processing analysis of the common image can measure the distance S between
centres of the wire image 32 and wire shadow image 30 (as shown in Figure 3). The image
processing analysis can be carried out by using proprietary software which includes use of
algorithms to determine the distance S. The image processing analysis can be carried out
30 either in the 3D camera 22 or in a separate data processing device. The wire loop height (H)

above the substrate 17 is calculated by:



above the substrate 17 is calculated by: H = S.cos(a)/sin(a+13)(1) where a
“and p are as per the earlier described angles. 5Typically, a#0 if the
‘'substrate 17 has a matte surface while a=0 if the substrate 17 has
shiny/mrror-|like surface. Dependi ng on surface finishes, the 3D canera 22
and the light source 26 are ?%W@@‘%S@(&’éﬁ) that {the 3D canera 22 is able to
i mge the shadow and actual wire within a field-of-view of the 3D canera
22. Gven that the substrate surface may have different finishes such as,

f or exanpwhgrenmnt P agevipenthe earlief dgssiped arigtesor and so forth, a=13 even 10if
the substrate 17 has a matte / sem -matte surface. Wien a=13, equation (1)
can be sinplified to be: H= S/(2.sin(a))(2) 15 Thus, when a=13=45, H =

S. 0. 707 ( 3jyp2@Mhusp if theasubitrté andas whastasirded while hepwi tre Jubapthardght H can
be cal culated by determ ning a value of S, The wire position above the
subst r at eSTHHYMGERF Ve piRge | RaRgTdine P EHEPCRiTinishe e, 3D £ aPEia 4 ang H ¥es&ul t ant

di stance Kuwelds af@b¥a @famltnalme 3DREMEABRGs BIO 6L High theSPhiVAERY Mrldl
anal yse the di stance al ong the wire. The inmge processing software is

abl e t o -pwise atbintheld-phgew a theowt@am@rfaZ%aI%vealthqtyh@)ﬁubstrﬁt@rsu EeHnay rawe By
obt ai ni ngdlﬁ‘fgr% p#ll"HJh@l éutc?(lagffor %rﬁ n(afH‘QerW rF\znt %%Es@ ro@gf% %Sf%)r'th to?ﬁ vgﬁg_e
et elg t

processi ng SO twar e (0] corrpute t prori e wmre.
10  if the substrate 17 has a matte / semi-matte surface.

When a=B, equation (1) can be simplified to be:

H =S/(2-sin{a)) (2)
15
Thus, when a=[3=45°,

H=50.707 (3)

20 Thus, in an instance when a=p=45°, the wire loop height H can be calculated by determining a
value of S. The wire position above the substrate may vary along length of the wire and as a
result, the resultant distance S will vary accordingly. The image processing software will
analyse the distance S along the wire. The image processing software is able to process the
image and obtain a plurality of S for each wire. By obtaining the plurality of “S-es” (and with

25  known angles), the image processing software will be able to compute a height profile of the

wire.

The wire loop height H is a critical aspect of wirebond packages because it affects both
performance and reliability of the packages. The loop height H cannot be too high because this
30 can result in an exposed wire(s) during molding. Moreover, even if the wire(s) is not exposed,
high loops can lead to long and sagging wires that are prone to being swept along in a

direction of flow of a molding compound during encapsulation. This can lead to shorting of
6



The wire | oop height His a critical aspect of wirebond packages because it
“affects both performance and reliability of the packages. The | oop height H
‘cannot be too high because this 30 can result in an exposed wi re(s) during
nmol di ng. reover, even if the wire(s) i.s not expose i.gh | oops .can |ead
To Long ot Sitrgrhurirbes whee=arh 3 wite FRpaEAE 22 deketaity g PRe

di r ect i onp&forhbebefaude sMRFddi-nik Ke@RAURGWREL | Ng encapsul ation. This can |ead
to shorting of the wires. Furthernore, unnecessarily long wires also |ead
to degradation of electrical performance because of cross-talk between the
wi res.  CORKGESEY Yo whidWoohinend @RRnBEIGNL ok iy HRRESAAR Sy ASIs 1o HRY
indicate that the wire is too taut, 5 whereby substantial stresses has been
and i s5 bewhgelpx evtsedtid rst@seedias deehaell iDbeinhexprverd on Theewd ot heetdéghean | ead
to neck or heel cracks/breaks, ich generally leads to,failure.of the

w r ebond prtkinse SRS G Bt b ao S Fe SRRl Bt et ¢
contact bglwseBoddgackige @0anddditieh, Widwelpatbop asikmaecadGesutin edhtdce Betsvebd a

faul ty/ non-functi onal package 20. 10Cener al Ify, t he assessnent of wire | oop
hei ght s i ®eddreEr@Hhegritebprr pickass PR wWrchigads trsfatibpensluRgienplReckaesi%t i on of a
pre-determ ned hei ght such as, for exanple, nore/less than fifteen to
thirty mcrons of the pre-determ ned height will activate a "fail" '

not i f 1@ at PererallExthetassiisineent b pinadegrhbeighidistdaeietlzdut img seal¢ pemiccondepshels on,
for exanple.. a type of sem I e j

t echno opy e Bordr IR EbARAANE Pl AT Ror BelnbRinBle/ BB A 1o
process, thFgndicpmediite predetemsnehticight arlidacseaté arfail’ ndttficationaparteciraben t hat
the present invention is ahle to nmeasure wire |oop . height up to a range of
five to STSEMPEY OMs/aITHE SEEts SeRr o J AT a7 145 O P SHBURE BEAE5p1 coi at ed
that nor etybbaipaekiRinghdcBndiSeyos tyb8 6f BntiRRANTknRAEIAGS e AR eCaitoBRtiGNFYSEd

si mul taneously. In such instances, the comon inmage wll include nmultiple
pai rs1df PUHHAEdYCHERgEIEements, 9nd sorigghi I gRPTEFideR that g RseseRLiAYestienis aBlRaP yze al |
pairs to ' ra0d: G hieShRoRAd L digag, H of the
Nre 1o, REBTErdt AEaREp I e o e R s BN o
identify defects of the

it should be appreciafed that more than one wire 19 of the wirebond package 20 can be
analysed simultaneously. In such instances, the common image will include multiple pairs of
20 the images 30, 32. The image processing software can analyze all pairs to measure the

respective S, and correspondingly providing H of the wire 19.

A 2D camera and illumination module combination can be used to identify defects of the
wirebond package 20. The illumination module will depend on a pre-defined defects list and
25  quality requirement. The illumination module can be configured to generate different lighting
techniques at different wavelengths to allow different sets of image data to be generated
during operation to provide the requisite contrast to identify defective conditions of the
wirebond package 20. The type of defective conditions which can be identified include, for
example, scratched die, cracked die, die mis-alignment, absent die, epoxy coverage/spread,
30 epoxy measurement, absence/presence of wire, wire connection issues, damaged wires, wire
mis-alignment, damaged substrate, bent substrate, and so forth. Typically, the 2D camera is

placed perpendicular to the wirebond package 20. However, the 2D camera may sometimes
7



wi“r ebond package 20. The illumination nodule will depend on a pre-defined
"defects list and 25 quality requirenent. The illum nation nodul e can be
‘configured to generate different |ighting techniques at different

wavel engt allow different sets of a er at ed ur| ng
Oper at | anbTEHREH e PN ELETIRT T coR P VEG PSR TyPodel BT Bon e
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whi ch can be identified include, for exanple, scratched die, cracked die,

di e mi s- atdngenratian, ma)b&sJWtWQﬁ\ieeP'VoépG)?S/thé696@@@@/@6\‘%““3808 @ﬁhW%aémr ement ,
absence/ PRESERAG fdiq \94 Y"Fgc@ag%%%%rblgg' 1 SHERTAUL BRRGRT L liRSvinatbh ©

m s-al i gnnent anmaged substrate, bent substrate, and so forth. Typically,

t he 2Ds canedde fostlmlmd\emetwneirﬂd:misarofmaxmlhehMmgraebmndng)l@bhaQe 20. However,
the 2D canera may sonetinmes 7 be positioned at an inclined configuration
at an angl e which depends on both the wire profile and the surface

fini shes. THe 205dadietLlab @e @i @6 bitb echntcBAtra@Siihd QB Bgndrii@hiZiscamfRuidad an _
inclined configuration may al so_ involve pivoting of the 2D canmera about an
i magi ng | BRYe tROUBEX @PWIHR iMest BLaTsentith fubstrade &‘rff’Fe R WrespibrR eth oty

accor di ng(dyAng>E}BRIckitY pRIckRGbPIE - W.F@Band biduRgenRY Iop@taﬁrmmnaht;@r(oftth@ 2D
canera typlc |y consists of coaxial hting and/or ring lighting. The 2D
camer &0 caprodection prasessder the wienod nack Toe 2B carhere issonfigucesiie meveabah | s
configured to nove abgut 1t [ n f,~an .ent surface
and al | Wasraémsorleep ﬁg? o@bn fi%é)w*r?sp%?gz w@ebon?ﬁ&%a&% 28 varles W|{h&r8§%g§r§ F%Ee%

W rebond patbage t2|5b)s lvrosts\haéstarstbopderuehmmdor(eofat‘bhérojh{)mprtodubsmiammperroxess for
the w rebon ack gner a is configured, to mve about ,as an
orientati 6?? ‘%A%Pé‘&%aﬁzttsﬁ? \RP?'%B%H%'&&' ‘g SORFAdre R B0 AN X

producti ognd%,o,ceg(s_§ and device types. Most wires are bonded in an
orientation fromdie to substrate in an X and/or Y axes but there is also a
subsetl>of packagi ng that includes bonded wire in nore than X and/ or Y axes.
15 Ref e”hé}g @g tE' F&sS g’noagdthé‘ s NREGn 1aShirSN AW odim ! &{‘QQQE ‘Pf an
appar at us pectl ng at | east one post W rebon age.

appar at us |n‘§|6)3ct|m‘g:dtllniae'sora prbstrvstebarltd wakage ahd 2peematugasd lngmesscblmt ée cﬁrler[a (52 t he

carmer a 568N 11197 RolTedk BTN E ek RaroL R e SR DL AT ATSBS  The 20

appar at uss&ond oolwfles 6 Slﬁ:ShrﬂgluS\Qwaflﬁrﬁ nu@d0lea8gnfon Gh« earponentamefa sd1ahe
apparatus 50, and the casing 60 al so ensures that the conponents of the
appar #Pus amraéwe-"%w'a?@@dcqs'ﬁg &0 forcoatainiie oRcatN o A" thel2gperes ©8 che ot her .

I't shoul d_cag%g%t ab thatesttha thi rc§r§1p§’f@n€sa(5fet'h@ a%ﬁar@@]g sbhfe | al'rg dSPW H@qo4 are
arranged in a fixed configuration to enable the casting i magi ng a

shadow of cwfwm‘eon relaaivevia edsbothepdt imyld besnajedsthat ﬁ@dlrstﬁDamn@s?r $3 &d thar agr aph
of the de? urlcé)@ll a?e ar\{5431nge((1:"],gI qugjgae(c\é)r?g %Po C?or’rglg %Ie5 %l.n%@%ae% Qg‘t Ion

nodul e 58 %re arranged xed con urati on
condi ti onshatdf:wtohewwe nebaredbopdsdckage aasesdrﬂiseclnn dmamlarlnempanagre|at'rd>'r’t|as1r dqsaipmgn,aph of
t he descri

1 9S8 LRLL B T, SRRRNELE 50 B ABSiates 0 oRRkh Balech SRS O
i I um nat igighatiod beidehtire RenRdiRaekagess of3®e wirebond package as described in an
earlier paragraph of the description. The apparatus 50 also includes an optional (depends on
user requirements) ringed light source 62 for providing circular illumination for the wirebond
packages.
30

It should also be appreciated that the apparatus 50 can be configured to be rotatable about a

normal axis 70 such that the casting and imaging of a shadow of a wire in a wirebond package
8



| t" shoul d al so be appreciated that the apparatus 50 can be configured to be
‘rotatabl e about a normal axis 70 such that the casting and imaging of a
‘shadow of a wire in a wirebond package 8 can be carried out regardless of
orientation of thg wre as the wires gah be bonded in different %irections.
1t is posEﬁ” egarrigd aliyeeRrdlass,of Brentatiop obine Stye s MsrEes £n RetaBreq B Aifgrsf er ent
di recti ongirQfiodshR id ?aeﬁﬂgtamrﬁﬁéy YOGy WP b darh&FRY @\Ste? RF @ffeRint BRGK S

i nspection conpared to the speed of the rotatable apparatus 50. However,

the use ofhetlordgsl wiresl whish wouldrrsaveesrasd ¢iapigee beractigefdnerardd/e. thetfeetiri ng to
Fi gure 6, r e f

napect i g BE Fiakdle %%ﬁ%%s%% AP E e ShLRabe ol SRR EAME: Bl B udes
first 8D effareivea 82 and a first |ight source 84 for the first 3D canera 82.
In addition, the apparatus 80 al so includes a second 10 3D canera 86 and a
second light source 88 for the second 3D canera 86. Furthernore, there is
al so a t hrémrrdPreAERE 8, HreafIchodn al sebdhidl diioti@ientrBicHAl #p&atuk 80 fdrh@pbdlingd 2D
canera 90. The apparatus 80 includes a casing 94 for containing conponents
of the apprast 0% Bot Wisthend ReckesesTePoaratss 3B nelder By st WapmerreB2cofpbifrént s of
the appar HriSof A 16r AL HARYS arhdta 82 fih XGBiOME 2 garr%g chlagoehaaae\ggss&neach
other. It Should be noted that the 3D cameras and their

resped®i vaD kargdre 86 o eee*;oaﬂhghssomme%dpmmge@nd AD garhém &6. Rumhénrrgmmaber@n such
t hat each. 3 | i Qur.ce.pairin as nd i 6,2 shadow
of a wire' |P°§atvq\ne? ZB erﬁa ©ag 8" 4% jfory ea§'8r| Hle|t§%q:%{nt?1 %h'c%ze‘ilcaﬁqaerr% BR of the
descripti @;BbardW&DMGDdestd‘l&sﬁEE@&dﬁBd’oa&Ir&% cofpoadts bheerapp@afue @) ael ﬂhb ght
sources 84, 88 are able to operate independently in their respective

pai ri ngs. “2FiN8 YedPertsHire tb%.tﬁﬁ ﬁ@@p%ne@mh%i ‘;BFL?IPF’HG‘%“F R arntrareeddn Aniee one 3D

camer a angrfizsratith RECMRANV Bhel. IERbUIG BHMERIFFA tHNEDLEndrSs DBALKY delyal ue of
S due to an orientation of the wire, and as such, another pairing of 3D

camer d5antpspécyin lishbaueces B 88 @EechE@NEqdHn aﬁéﬁdtqoofrf&umtthé sydhithal e2¢h PamaEreee- 90 and

the illum tsb g&?ﬁ'@ng ?| 18 'cst 3h aggw% gd&/ bt X6 G99 r%g&?at E)a%Eaégqa

i denti fy Ions o ond package as déescri
earlier paesaghmlph aofeatlibe pategeph muheraleschptncshmdrebvaul siee B cappre’l, Sbaddt hat

t he appar gt us e confi ed t be 25 rotatab bout in a manner
e P ek eB i emeh: B e orae dep P d et dre Be o
shadow of pariNdsl hel rRsgeciel EIMRE aRAKHFG FiAE iRBinERN NP oRUBD lc8gea dhess oOf
orientation of the wire. It should be appreciated that the apparatus 50/80

i s of 28onpHerPaRyBIANMEPHER3TesT3PIaioRtERA ayalugef TftedAge riematendf theuvis
confi gur aEl’\cP& sug-mgnﬁpé?% ﬁ%k@f @Jaﬁ%raaawdch@ﬁt st)erce %IReécmagl'nrégdl{ 84, tillencﬁpggb' on of

defects and 3D imaging f die height/wre profile neasurenents of die
and/ or w raboad0 pn@@fmlﬁuramafapnsmq@le%aatarmgwmmmﬁmdegnfrzotatlpeqm|d|eetlf|9ranual

i ntervent Idgectlv!.ybcror? 'élloens "of tpe wirebond package as described in an earlier paragraph of the

description. It should also be appreciated that the apparatus 80 can be configured to be
25  rotatable about in a manner similar to the first embodiment such that the casting and imaging
of a shadow of a wire in a wirebond package can be carried out regardless of orientation of

the wire.

It should be appreciated that the apparatus 50/80 is of compact design dimensions and can be
30 | arranged in a circular configuration. The apparatus 50/80 allows for 2D imaging for inspection
of defects and 3D imaging for die height/wire profile measurements of die and/or wirebond

process at a single station which does not require manual intervention. Moreover, the
9



appar atus 50/ 80 al so enabl es on-the-fly inspection of wrebond packages to
"inprove the throughput of an inspection system In addition, the apparatus
'50/ 80 al so allows high precision and hi gh-speed i nspecti on for 100%

i nspection of t-die or_ post-wre bondi ng_pro The appar at uys 50/ 80
can be a asﬁpartag 5?%%0 &0 §9%tﬁ %’AF g | e“&F% p\el\ﬁk?%esg& ﬁgt‘wé&ﬁ? prent .
In this r@%rgﬁ’puttchearamagécaw%ys‘é&ﬁ Bh h&dithpl Qhé QpEHditaBbR0aAED bIGWsONgh Upon

t he tedi ous manual process of inspection of wirebond packages. Wil st there
have beenpre@%@rPrmtea'shﬁpqeﬁen%rt@@dgh@O%%P%f’n 6h PRT e RRIEWIB SANHiRht s of
the present dayeftel a%rﬂarath S‘U'/éol caR DeUNGSI B IR0 A0y stk ROSLcaKie ihfdratdd i

t echnol ogy concerned that 10many variations or nodifications in details of
desi gns orotbermqtrrpmeht (brntrmsarygdué ttradepamtuhwso deprivianpnfatomd iverqye eigemt

i nvention, (51_ appar al m;snofww ndpea(czltar ng a sem conduct or package, -
the appar Bf i ‘t“ﬁ&taﬂ&t ﬁgocesé e & one’''3 RETa positioned at a first angle
relative to a normal axis of the 5sem conduct or package; and ' a light
source confiﬁgured to provide illum nation for the at |east one 3D canera,

the |i ght ot hese @reﬁ@ewr%t&teédn He fPYREOIRR ASCIRIIRN PEHPrresRIRRAgiments of the

wher ei n thesat idvedsh, ANGI 3P radBiosd 3P AhdsBkilidOit ths QbhaSlody &nddrhégrd in a
fixed configuration relative to one another in the apparatus. 10 2. The
appar a@ usmafy @rigfiens or WKéﬁ'Wst'MéEtPilsgﬁtdeé'é'tj PE EPTSUGHOE iMEY dgepadst Withoslecond
angle rel ati S, opposite to the at |east one 3D canera.
3. The apgle aM% irggftng g%‘%(l\:' rgrwrrh 1 or 2, wherein the light source is
transmtted through a 155ma|| angul ar aperture
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47 The apparatus of any one of clainms Ito 3, wherein either the at |east
one 3D canera or a separate data processing device i's configured to carry
‘out inmage processing. 205. The apparatus of any one of clains 1 to 4,
wherein the agparatus is rotatable about the normal axis. 6. The apparatus
of any onE¥Sclains Ito 5, further including: a 2D canera; and 25an

illum nation nodule configured to provide illumnation for the 2D canera.

7. The apparatus of claim®6, wherein the 2D canera is either an area scan
canera orla | iAneprsaatys fimspectin@08:nMi¢padagipratesitage thf anpptakisinctidiiem 6 or 7,

wherein the 20, TalEaR .ﬁc%&fa gl grQedt PPV & Oe?at@%)qy% r%ér‘ﬁ%’lo&g' &'t WHS‘X' s of

an i magi ng. | ens us of any orre al s erein
t he |I$unumﬂﬂmamxmnﬂuhgemsdconf|gured to generate different lighting

t echni ques at dlfferent vel engt hs The apparatus of _any one, of
clainms 1 to 9,2 \BRBFV ?mgguf?dr‘é’tpra‘ﬁfﬁ @urawat'%f@r 5@%%5&%?55?@ ¥ shLadbat e

angl es.  (ight solh®@ LRPR A& :tSat@he hddoRtidetdr@ad@ge, Wherein the at | east one 3D
canmera is configured to be pivoted about a co-axial axis of an imaging

l ens. 1012. A rrdterRid theopt feps puetIthepnera dad dom Hahd tse¥rcp acsk agensed e aféethod
'”C|Ud'”gaxﬁéé£ﬂ&Qe@U&hﬂ@ﬂ&%ﬁﬁhé-$ﬁ@gﬁﬂnML§e onto the sem conduct or

package;
10
2. The apparatus of claim 1, wherein the light source is positioned at a second angle

relative to the normal axis, opposite to the at least one 3D camera.

3. The apparatus of either claim 1 or 2, wherein the light source is transmitted through a

15 small angular aperture.

4, The apparatus of any one of claims 1 to 3, wherein either the at least one 3D camera or

a separate data processing device is configured to carry out image processing.

20 5. The apparatus of any one of claims 1 to 4, wherein the apparatus is rotatable about the
normal axis.
6. The apparatus of any one of claims 1 to 5, further including:

a 2D camera; and

25 an illumination module configured to provide illumination for the 2D camera.

7. The apparatus of claim 6, wherein the 2D camera is either an area scan camera or a

line scan camera.

30 8. The apparatus of either claim 6 or 7, wherein the 2D camera is configured to be

pivoted about a co-axial axis of an imaging lens.
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obtaining a 3D i mage of the semiconductor package; determining a distance S
" of the shadow and the bonded wire in the imge; and obtaining a wre | oop
‘hei ght H of the bonded wire. 15 13. The nethod of claim 12, wherein a

plurality of the distance Sis determned to conpute g height profile of a
1ength of >t he B8 RBHWE B, 2NV 19 ﬂ‘hga'Wétﬁwéﬁj 801""%8'1‘ e @F'QI” 9 MUl 3s

wherei n t bffidhed B8erhte RiraitMEktind $dAGiqdes3DaiA0GAMRERIWEthE an i magi ng | ens
positioned at a first angle 13 relative to a normal axis of the
sem conduct or package. 15. The nethod of claim 14, wherein the shadow is

cast usi Ngy.a l'lihggﬁpa$8w(§:f%n 9% ficBn#sdlt%tQ, SERND AN afta il Bl -nﬁ%nélg the
e 3 E . The

normal axis, opposite to t caner a. thod of claiml5,
wher ei b t ére amate endlsop height His S.cos(a)/sin(a+8). 17. An apparat us
including at | east one 3D canera and at | east one |light source, the
apparatus being for inspecting a sem conductor package, the apparatus being
confi gur egsi.t 0 1BOGasdrtudsicidirie tored, hedrenf thaRyle@@n®©BD €drddras cdaighedlb be

pivoted about a co-axial axis of an imaging lens.

10 12 A method for inspecting a semiconductor package, the method including:
casting a shadow of a bonded wire onto the semiconductor package;
obtaining a 3D image of the semiconductor package;
determining a distance S of the shadow and the bonded wire in the image; and
obtaining a wire loop height H of the bonded wire.
15
13. The method of claim 12, wherein a plurality of the distance S is determined to compute

a height profile of a iength of the bonded wire.

14. The method of either claim 12 or 13, wherein the 3D image -is obtained using a 3D
20 camera with an imaging lens positioned at a first angle B relative to a normal axis of the

semiconductor package.

15. The method of claim 14, wherein the shadow is cast using a light source positioned at a
second angle a relative to the normal axis, opposite to the 3D camera.
25

16. The method of claim 15, wherein the wire loop height H is S-cos(a)/sin{a+B).
17. An apparatus including at least one 3D camera and at least one light source, the

apparatus being for inspecting a semiconductor package, the apparatus being configured to

30 carry out the method of any one of claims 12 to 16.
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