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1 SYSTEM AND METHOD FOR INSPECTION OF SEMICONDUCTOR
PACKAGES Field of Invention 5The present invention relates generally to
a system and method for optically inrsi)ecting the surfaces of articles for
defects. More specifically, the present invention relates to a system and

MegT EQy RS NILTP{ OB HEIRINSPERACHINES FISEENYSIONBOETOR

method of the present invention enables simultaneous inspection of
multiple surfaces of the semicoﬁé\%ﬁ@ages. 10 Background Quality
control of manufactured semiconductor packages or devices is an
increasingly important and costly aspect of the manufacturing process of
Figld QEIREHIRR tor packages. Semiconductor packages such as Quad Flat

TH;!O ;iiiem (%Vﬁéﬂhéiéﬁg)aliéﬁﬂsb 1§eAsrals (%Oé\)s@stéwzgm hﬁ&ﬂio@i_hﬂ@ﬁ@@tﬁzally
A aCka Ing paC ages genera reguire S_t[ln ent qualit CO_ntrO S.
NP LR SUTTRES R REHC RS A% SEeF e Y 0t SRECHIGRIIN. dBtdhigegnt imvention

relfesatnakipstepiedia st dupiitijsaRaripsmicondaces pdaegusonehigyetem
package engEl)les a manufacturer to I'minatelé&%(l:?orrec_t such defects .

a”ﬂem?%gﬂ‘feﬂi PoRBRE L HTESHAD SRR S RTRSHATRAS: ieeRGHey. Qifpultiple

sutficRaeariRenZocRiasckagnd requirement for greater precision and
quality of semiconductor packages, quality inspection of surfaces of

Bs%miconductor packages is becoming an increasingly important step in
B manufacturing process of semiconductor packages.

QuAkeuatototnamaatages sarai typthaltyipapegiesddoddviessicendhcreasingly
surface defects %L/Jch as in%m@le cavitief%and inaccurate pattern formati%tor

IMPOL3AHiAAY SERioATRI b alita JED HFRCHIHIG AP FhSD e o PRy
padiégets BeivicatidoctpitginckagetanadityaarQuip #ignNenteatite(@QNsBall Grid

Furth e, Semic nji_luct r nac s can be ins for mjssing or
AT G M BTV AP AR et R SR el
requinéestrimytine geahitgooshiedly patkagbsesutdors Themcaidysieaddmodial export.

bottom or top suyyface, and s[ié#e surfaces of semiconductor packages
Dy BE kB oAb 1 St SR IRpafePection) of SEffaces of
semiconductor packages enables a manufacturer to eliminate or correct such defects
before the distribution and export of the semiconductor packages. With the increasing
emphasis on and requirement for greater precision and quality of semiconductor
packages, quality inspection of surfaces of semiconductor packages is becoming an
increasingly important step in the overall manufacturing process of semiconductor

packages.

Semiconductor packages are typically inspected for presence of surface defects such
as internal cavities and inaccurate pattern formation. In addition, semiconductor
packages are generally inspected for detecting defects to location, pitch, co-planarity
and tip alignment of terminals. Furthermore, semiconductor packages can be
inspected for missing or mis-located characters in marks or manufacturers’ details that
are printed on the semiconductor packages’ surface. Typically, each of a bottom or
top surface, and side surfaces of semiconductor packages needs to be inspected prior
to distribution and export.

There are several known systems and methods for the inspection of semiconductor

packages. Photographic devices such as charge-coupled device (CCD) cameras are
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There are several known systems and methods for the inspection of
semiconductor packages. Photographic devices such as charge-coupled
device (CCD) cameras are 2 predor%inantly used for image capture
during the inspection of semiconductdr packages. A typical system and

predeiRday thedaspactiamed sepicrnAueag Pdeckaggatibizesrassmidenductor
camera arrangement to inspect the bottom or top surface and the side

PagkAdfSe £ SRIARSEIETLAN SRNRY, T RESIRREGHOS; A RE B ART4Ctor packages

utBFanaSMEIRL dxivieallyrrantephdin id mepdiced MRR\atNIESORAIRNAE the side
reduced defect detection due tg a large combined inspection area of the

SUBI3fEh BIUSH SR ARl I RYRARe ANt H1aS18gIR-Ca08e T AERTABMET A¥pically

re&leb MrEOrgdtivatiarg peeidiagesnaioniy thelsiaglacfarn aeteatiGinagen@N4 large
typically need to be disEIEced or positioned durinﬁénspecti_on. The

COYISEARSRRTUANALCRALIAR A AL IR FHY TS RARSREE VAT LG F1& FrsTaces.
Incalilaratan lf@ndr_@djn;ﬁtm@ttﬁﬁm;lbmm@?qsg_ﬁtn?!twggtiwﬁesmgm fedmera
Inspection of semiconductor packages | escriped i atent )
AR VI BTE S 40268 SIRSGH 0K BRI L RSB ctios. The
disysmaervptirelRmulipiainoividuahginspe eant dJensrafyoesnns igelisration
bert et al.’ E%sg tem divides reflected light from the semiconductor

an aﬁ%ﬂ@% ?)%(lﬂésﬂ% high and low magnification paths for capturing
of high and low magnification images of the semiconductor package by a

Al!ﬂi@lﬂe&ﬂp(ii{@\sgef@mif&aﬁ@pe@&mew @ﬁ;ﬂ@@ﬂ&@ﬂoﬂ b;ﬁtl@‘g@?&%@ﬁ@ﬂﬂéﬁl in US

Image Is . used for iaentifyin nare Interest, wni IS then further ,

PR AR P A A2 LR 0 e e g, G’

sytlt@wg}g@ﬁﬁmigéﬁb@ltiptealn@midaﬂv nicuRiend RgniiicarbampliteobsEngt et
In addition

o R B D A R
higisauthynconypridivisioy pkthetiercpraringtor thighgtd 4o awgnirignibeatieges
of B B AT ARSBRAT R o e L e DDl R P el
THe 962, ASdnBiX&iwh Wbapatenisagp pbcadiemifyibcatiaed 5 R644026B8884s then
Al, both_of Al tal., d [ th d tys f
R G e o A e e Y
syen‘eA_i wﬁt;ﬁbettaét elfestsi ¢th'meptksmcﬁidnﬂzfmarfaammm_pmedumadd ition,
EAE e LI 0 X P o LA e By O S ens
whésolkiobe Ibatseesmucehewsseiartaiiacatizey ebthpremniting. dfuBfidimore,
o TE R TR0 R ral BEHg  H B deS th hg - ar
ofainasent cahatysed dpenod xtigfadh g resessonsy afcthtroliere Senyfarisres.
are made between images obtained by 3 the first and second phase and

UEIBISnSsaRagse for enPBInGEsien ol iacs SRISHS 0 ooaoze8as
Al, both of Alumot et al., describe a method and apparatus for inspecting surfaces of
semiconductor devices. The method and apparatus of Alumot et al. effects the
inspection of the surfaces of semiconductor devices in two phases. In a first phase, a
surface of the semiconductor device is inspected at a relatively high speed and a
relatively low spatial resolution. In a second phase, selected locations of the surface of
the semiconductor device are then inspected at a relatively high spatial resolution.
Information gathered during the first phase and the second phase is analysed by an

external processor or controller. Comparisons are made between images obtained by
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However, the two-phase method of inspection disclosed by Alumot et al. is
considerably time and resource consuming. In addition, the detection of
surface 5 defects by Alumot et al.’ sgmethod and apparatus requires the
comparison between the image obtained and the reference image, a

th@rAERSEN3LE0AY BRSWRITaBbrdRaceRaiesand EMBIRRILBHIoN of surface
Furthermore, the apparatus and method of Alumot et al. only allows for

defeshenidie SERHRORERIREAMAR semiconductor device. The apparatus of

Alumot et al. also comprises multiple components and is substantially 10

HEwEerInaieanes shaee megird &' instatatanatihraprnsramsebilemer. s
et al. typically results in increased required manufacturing area_ and

COnRIASLRENY iHAME VY FRSAMIPSCHATREMEGs IR Reldie, ihifelectoprofisudace
deies BOragmsiliediinsthr b hal ITPEPMENRAIE I SHEIMPpanb MESHasH the

. for inspection of semiconductor packages will be required. An 15

IMagsr RRIBIEA 8T 2 HE niEtFEa% r THaBBCRorPHICEEniBhdlYor5askalsantly
insbewiteadlantitae Righenang. mulieienseotitappahiniage eants® deAlumot et

defect detection or quality inspection. In addition, the improved system
o RO Al BORESHUR. Gh BTy s RoCBH ARG et i The
apPanact of thgupiesenkinveatioomiieie imd;fipl@m&&?ﬁdﬁm@tm%ﬁ?ntiauy
evice inspection system c rising. a reflecior assembly configured for
SN R e e ]
typial e flesiiesl fomceddaastayitree annssaufiateqohibre samitomdudioincreased
m%ﬂqu%(ifhe first surface extends substantially along a first plane and the

IAL Q@End surface extends substantially along at least one
second plane. The at least one second plane is 25angled away from the

THusfolane, whie reflggiackasemply perdoer skanég unethdardieetingtbeements to
received Ii%]t from the first surface and the at least one secgg%ﬁsurface
I

DATEEWER tgf&quf%ff@[paﬁté%?i SHLCORAMEIOR AREKEOER sr§88{f8ﬂ- An
ingysienh dysther conmeines fobaapespditer kensipbting tgpadkaredhalgdgliow

o i ROl MO A ISHUAL SRS LHRLRLRY 21908 AR by

inspection. In addition, the improved system should preferably be space-efficient.
Summary

In accordance with a first aspect of the present invention, there is disclosed a
semiconductor device inspection system comprising a reflector assembly configured
for receiving light reflected from a first surface of a semiconductor device and light
reflected from at least one second surface of the semiconductor device. The first
surface extends substantially along a first plane and the at least one second surface
extends substantially along at least one second plane. The at least one second plane is
angled away from the first plane, the reflector assembly further configured for
directing the received light from the first surface and the at least one second surface
substantially along a first direction. The semiconductor device inspection system
further comprises a beam splitter for splitting light directed along the first direction
into a first light beam for travelling along a first path and a second light beam for
travelling along a second path. The first path substantially intersects a first image

capture plane and the second path substantially intersects a second image capture
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30travelling along a second path. The first path substantially intersects a
first image capture plane and the second path substantially intersects a
second image capture 4 plane, image of at least one of the first surface
and the at least one second surface Being acquirable from each of the first

plIRAGRERPIR RO RNF M FetQNFFiotadr ¢APHINeRIaNR feEshiPsagaaNt
inspection thereof. 5In accordance with a second aspect of the present

beGAHIT e fE0R GRH AL dbe rsbRBEEGAANYSRIANG A4 dhRisehRiddipRTe

cafeMicpldherorethndgrrtnnsies aRkeieer a first image, the firstimage
having a first view. The method further comprises capturing a second
image, the second image having a second view. The first view comprises
one of and the second view comprising the other of an image of a first 10

Inswé@ﬁﬁaﬁééh@/iﬁ?rﬁ'@@éﬁdﬁ@p@'ﬁV&etﬂ@%%@éma@%ﬁﬁmﬁ firstsusiage iy a
at least one second surface of the semiconductor device. The first surface

MERReh 4 UNSRESHAGIR SEEHECAHHSIOPIZRY Cind i dTNOY SEYRBM S¥iG FgPIUring a

firstirfargextre dersulsiaitiaiyiRleng fitdeasb@nersecanghplarfarthbe ésmprises
least one second plane is angled away from the first plane, The method

CaRTHHRY AorRpPRL LT8Rl R AR ATIAIR Y T FiR8GARdgWeta AB Tist view
CW ionagst f&gﬂdﬂﬁ?%@é@?oﬂ;‘m@aﬁtmga@?rﬁlgetﬁésﬁméff_?ﬂieaﬂﬂdwé@_@ af ? first
ast one second surface of the semiconductor devjce. The capturing o
ST Ok e SR Ao aRE A e BRI ALl s2 g one
seSindiltanoesly ardseeficsittialyrtddbiceenhe faktesorfecef sitandianaiosishtially
and sgﬁgerltial inspection of the at least pne of the first surface angd the at

alonge? SE Diashanduifa @ ISP ORR RACUMLECE&AERIS S PSRt BaRlong at
leawitiorge thatd s peeicofTthe arésgnbinyesdini, prate is shgtédsaday methabkfdirst

i ti iconductor device, the.method iSi turi
PIRVEL B IRS FPEEIRG SRS BIGR sl B P et 5 WP frbUReth dpstne
seeohisiraeg@farimpetaagaderpbmng thedinorslifasgendaesecenst snagecond
o S SR . DR SR o e
capampgsinththeecsheimbgn ispagemical s stdinaahtoasbearideaduaiaally to

devyi nd an im f the fir rf ith.at least on nd, surf
N KB NG 0 L PP KoL COHFLE e AU 0 LA LIPSty of
tha fiirst quicface and the aitldeststronse saubsutfauefat ehestanidsrsitesdaiatialbe.

along at least one second plane, 30 the at least one second plane being

angled away from the first plane. Each of the first set of properties and the
Insecordhised withre pieirdes peonpf itespad Jesishoastioh atHeass aistidsedinatiethod

colors, at least one illumination brightne nd at least one an Iesfof .
fo R S ST TN ST R DS LARLISI D PSR it drmece:
théitsniagge Sranatthézed dynat lesagenoofrsfiesttingrabiebs fiostesetfdhprbpstties

2 r@l#fa?e and the at least one, second surface of the %emlgogd%%t%ra gewce.

SIS Br ARG HPadiin A SSEVh a0 IR P TS S¥oRl i gl s T @

sepamntbrieadandeacesonditahebd pshpatidssddpecinsalyaiy ttoenphyesrael@oare the
segtgr?cijnellijelw%%(r)nupsrigirr]]a ﬁ?qu%rép%lfigr? Rr%%tgi]g%f) gtﬁ Fstagurface of the semiconductor
device and an image of the first surface with at least one second surface of the
semiconductor device. The first surface extends substantially along a first plane and
the at least one second surface extends substantially along at least one second plane,
the at least one second plane being angled away from the first plane. Each of the first
set of properties and the second set of properties comprises at least one of at least one
illumination colors, at least one illumination brightness and at least one angles of

illumination. The method further comprises processing at least one of the first image
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5least one of the first surface and the at least one second surface of the
semiconductor device. Brief Description of the Drawings FIG. 1 shows a
partial system configuration of a system for inspection of 10semiconductor
packages according to a first exemplary embodiment of the present

and\tRaEeEs i Gmags ey apatitigl S pssstSesdiomahl antivierfRbaha gl @  least
illumination assembly and side prism structure of the system of FIG, 1; 15

One 88CaNGHRIFIace 94 15 SSHG Y elysdevicsiding $AaH ISP bt &sfaknage and
th@risaptatiHgtuse ehé|Secdmndiahe redinestiomisierely; of lfulapleemeha and

flowchart of light travel along an exemplary first optical path between 20

sepverdiatcimtITEesY SaBRMRE N SITHIAISAE ANGr PR SIA INBREYEN 9f the at

ledst@nk 5hewSHiRe dipfdet ahlinkalpRadhene>sebaplaky ffeskaiftipal eailtéiductor
FIG. 4;  FIG. 6 shows a flowchart of light travel along an exemplary

deyitéond optical path 25 between the semiconductor package and a second
camera of the system of FIG. 1; FIG. 7 shows the travel of light along the
exem Iar%/ second optical path of FIG. 6;  FIG. 8 shows a combination

Brd?ﬁ%%ﬁv%‘i'grf‘ I?éﬂpglgﬁ@"i’ﬁ%géxemplary first optical 30 path of FIG. 4 and

Fitbe exemplaryafinsirdiatice)path ebhtiguitisnFisp. 10s3kaws o tiaysddion of
o b eSS 3 RSB SAIERE80M R of the present

invention;

FIG. 2 shows a partial cross-sectional front view of an angular illumination assembly

and side prism structure of the system of FIG. 1;

FIG. 3 shows a partial enlarged cross-sectional front view of the side prism structure

of FIG. 2 and light redirection thereby;

FIG. 4 shows a flowchart of light travel along an exemplary first optical path between

the semiconductor package and a first camera of the system of FIG. 1;
FIG. 5 shows the travel of light along the exemplary first optical path of FIG. 4;

FIG. 6 shows a flowchart of light travel along an exemplary second optical path

between the semiconductor package and a second camera of the system of FIG. 1,
FIG. 7 shows the travel of light along the exemplary second optical path of FIG. 6;

FIG. 8 shows a combination of the travel of light along the exemplary first optical

path of FIG. 4 and the exemplary first optical path of FIG. 6;

FIG. 9 shows an image captured by the first camera and an image captured by the

second camera of the system of FIG. 1;
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FIG. 11 shows a flowchart of a method for inspection of semiconductor
packages 5according to a second exemplary embodiment of the present
invention. Detailed Description Qualité control of manufactured
semiconductor packages or devices Is an increasingly important and

FIcnstly apeast BidhgamangfanyntingdiRfess s sanaeeRMIGLeT Phekaggem for
. 10 There are several systems and methods for quality inspection or defect

InSRACHIIb AT SEIURRAHICIRSF s R Gutidhls. Existing systems and

methods have several disadvantages or problems as previously
described. One disadvantage is a limited resolution of images captured

FiGied Sydewss b AlawRamg o srgrineshiaranRrsciment SPRtrARdREsPaekages
acHIRdRiiSt @ By BHRNRS e ARSI BXABAO dBNSNRBE tRY R Seriy Ricaiioigsult in 15

calibration losses and adjustment feedback losses. In addition, existing
systems for quality inspection of semiconductor packages that comprise

Déraitdpl®esuriptasntypically occupy significant space, and therefore
increase manufacturing costs. Therefore, it will be appreciated by a

person skilled in the art that improvements to systems and methods for

QUR| MG INL BB TaE Y SERIGBR (AR B ATes RL eI gy ncreasingly

in’fp@lfm(?ﬁm@f;bﬁiltyiéé@w @i&ﬁéymmmﬁeﬁﬁﬁmifrbgé@@f@eeﬁr@?huu&mtipm@ges.
iImited hereinafter to a system an ethod for inspection o .
TRESR 208 REHER i85 200 E OB O SHALY RSt rtion i csfest Acfestion of

sefitanRibiepariitagdisthdueyerrasmgotpseahiddendannsb @mbesimnesizral
.of the invention from other applications where fundamental principles . .

NS D RECTIE R0, SRS Bt DN DA Dl i Tmited
resyletiaiicstaimbigestiapalred patfosysanesconasasisgiatitsgeeaaruaradovement of

COTAREITEACE SRy SR e AR RS e SIS oyl i

calibeafidG .1d&einanbialjliserelaniesntsaorviedise. referddiden) wristalg. 38tems for
invention. The sergiconductorgack%g s 12 includes, but is not [il@lted to
%ﬁg 1

ARG eI e R SRR BEIPE s (R ASOTRI SGafaH [URIG) E4iTl5Tas
tyfically Pekaying diifidamP saekages. tReederablindirassy stanufiddturing costs.

T%ﬁgﬁ&{%@sﬁ|ﬁ‘§'gﬂﬂﬁ§§€g¥§§§§@ﬁ‘%ﬂﬁ Bl RS 1 A Tbvements to

systems and methods for quality inspection of semiconductor packages are required.

For purposes of brevity and clarity, the description of the present invention is limited
hereinafter to a system and method for inspection of semiconductor packages that
enable multiple magnification and multiple surface inspection. This however does not
preclude various embodiments of the invention from other applications where
fundamental principles prevalent among the various embodiments of the invention

such as operational, functional or performance characteristics are required.

Exemplary embodiments of a system and method for inspection of semiconductor
packages are described hereinafter with reference to FIG. 1 to FIG. 10, in which like

elements have like reference numerals.

A system 10 for inspection of semiconductor packages (also known as semiconductor
substrates) 12 is provided according to a first exemplary embodiment of the present
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Each semiconductor package 12 preferably comprises a top surface, a
bottom surface and four side surfaces. The top surface and the bottom
surface of the semiconductor package 12 can also be referred to a top
side and a bottom side respectively of the semiconductor package 12.

infieierRbYie ek @i feup siksysy rfacas|afidbenl? semicomitdates, Quad Flat

package 12 is aélr%led with respect to the top surface and the bottom
S

N :£3de BRHNY sBAllcGRLOBRYERGAY 2891 VYAlsHILaYE bR S5ake PRFKRIING
(WeCEM idtirshis thecpstdhigt the spsirPndusiphasekadeyhdrpaskarBly 14 or

maore than four side surfaces. For example, the semiconductor package

e h
ligPing A FRNG b ARG SRS E AOOAGBRAPhBYBRERATEARE B nding eight or

ten side surfaces. 15 Preferably, the inspection of the semiconductor

package 12 involves image capture of the top surface, the bottom surface
AR PRI IRIOT PGB8 SRS BBHSOBRRTE A ORI e kAGETOM Surfece

anﬁltemaéiu@lwmiaefemsm&t%@frfg%]m@@mﬁmhﬂmzo @f&ﬁé@gﬁimductor

| aecaptureo ny num r of the surfaces of the semiconauctor

PaKAE 12 £30 7150 BUSTEIRTTES ) QR s ABF L RAEMU Ik SSRRRUVEIY £5 the

senget?f@m;%en%@magfeh%mr@@f t(;e@chommr@urfa@sizgﬁilrefr\]@pﬁac@gctafothe
the four side surfaces of the semicopductor dackages . e image

SR P A TS rACOISA, W ESRotr ot 10 SUPGE BN, s o

sueﬁaﬂ@e?s@misa?mmm@@fba@?gfezﬂmt;mdiew(gq@mﬂcnﬁtd@l(fw@ﬂem@teg\med

. a of the surfaces. Surface defects of semiconductor pac esl

TN et R e e O e S

Fapadtern@adtiasemiate doitoeoraekat e asiticarings 39 ahectateeiadrooidecagonal
surfacg{defects eaables FYg;}i)rrection (ff detected surface defects.

Shﬁﬂ’Fve iﬁgﬂ'/‘?sﬂ?@ WS EIRN Bk AR SHERSES of semiconductor packages

12 facilitates disposal of flawed semiconductor packages 12. Therefore,

[ tion of semiconductor packages 12 preferably results in an
PrEtRiaYe e VSRS AR RY B R T A5 KA DTS tmate capture of
thenaopifegtiaed. Bel eisemisarfduetanpagichgefl s poafesiddy pokitenad the
ol TP RaiRRchC Sy nsBcton SKdmRgs.eaBi Sk The UhEShucior
package 12 involves image capture of any number of the surfaces of the

semiconductor package 12.

The system 10 for inspection of semiconductor packages 12 preferably enables image
capture of the bottom surface as well as each of the four side surfaces of the
semiconductor packages 12. The image capture of the bottom surface as well as each
of the four side surfaces of the semiconductor package 12 facilitates detection of

defects located at any of the surfaces.

Surface defects of semiconductor packages 12 includes, but are not limited to, voids,
cracks, stains, contamination, wrong pattern and inaccurate interconnect positioning.
The detection of surface defects enables correction of detected surface defects.
Alternatively, the detection of surface defects of semiconductor packages 12
facilitates disposal of flawed semiconductor packages 12. Therefore, inspection of
semiconductor packages 12 preferably results in an enhanced overall quality of the

semiconductor packages 12 manufactured.
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directing light to the semiconductor package 12 positioned at the ready
position 18. 5 Preferably, the lighting assembly 14 comprises an angular
illumination assembly 20 and an on-axis illumination assembly 22. The
angular illumination assembly 20 and’the on-axis illumination assembly 22
preferably comprise multiple layer light-emitting diode (LED) devices.
Alternatively, the angular illumination assembly 20 and the on-axis .
TheSFHSABRHS Y RAEP IR 1ot BrRIB B PPALIGG AL Ahih SRBHY. REgHIE, L8luring
inghtRtnsHIvelimte 2Bl tHE iRty assenity 20 rnshehgbRnfaxisupplying or
Allumination assembly 22 comprise different types of lighting devices or
dicgGHARA HER % AT T COPUISN BRAKGGG N thROsHIOARE Aatirelgat PRI A LS.
PréferaisIgtie arpRnG xs2éharigl taecomgvisedliminglian ARFRIMANY? dse@ebly 20
comprise different lighting or illumination devices. 15 Preferably, the
ang il BRI PUARHCE RIY 20 LHE Shidiek HmIRRIRh aSSemRli gL and

thélrQIEbQi@sISm%ﬁiaﬂNaﬁf_fﬁlm%dmbI@! predpteferinid egmwifséahtmm.tilﬁtfrth@rer light-
referably, the spatial arrangement or configuration of the angular
erl i 1A AL 7 SEF o R BHVBe T ATE LLBH R osseembly 20
anﬂhullhét@ﬁtéﬁliy ﬂlilﬁﬁin‘éﬁm”bsmh l&m‘@ﬁegbh ' bceraogmagﬂ iﬂs;']ﬂﬁdamrtéﬁ.@arther
the fixed spatial arrangement of the lighting assembly 14 enhances ease .
eI ISP O BTG AL 2D A% e Barimtion
asskitibly inspeotieiscT diefargtighitustinighanpaseinysiy28ppdrnlies known to a
directs light to the bottom surface 25 and each,of the four side surfaces of
PR R R oo BT 3 AR A T eSS 20 and the
orPaieridlivni thgomultEminyer) ERideviepsisy diefengtRghlingioatilomination
q assembly 20 are each arranged at predetermined angles to the bottom

¥lff3ce of the semiconductor package 12 positioned at the ready position
18. Further preferably, the predetermined angles can be adjusted or

varied accordingly to allow . 30.light to be directed at the semicondyctor ..
PrEEEREe 0% AT of BB oS A TR oy i pion
asskvitlgs22raner etsttabbatplyialyaagahded tprsudistantiedycantigliration. Further
irfter rent%e with #{th reflected off the bottom surfa?e nd each of efoutr.
PrE|Ee 08 BRI SLIANISMENESF PRGN, irilllfe MAURE /E4Fynation
aspamlilgr0&nd Breteraliy ihiernimstion idssariali@? assabstdptl g fiyeite Aarwill
directs light primarily to the.hottom surface, of the semiconductor packa
D8 B R e o R IR SPRU A ARt o the
ligheimic asskmidy pitkeagemde? fedteerandmypesesated pibiciensyeiwibliighéing the
se%llsco knoe/tvr} as 3 reflseﬁo %sselrrpsbll%(. 'il'r}]e prism assembly 16 comprises a
nurﬁBg#J of SOHACEE or T SHECR/ER ﬁta(():e's. Preferably, the number of
surfaces are specifically arranged or inter-configured in relation to each
other. Further 10 preferably, the number of surfaces, is,interpositioned for
it RS e g s ol G R
anclagethllyf phe detersndleestiffaogse of ébeoserhiaecheristi pac kayeek2pysidicat thaisthe
one of the numper, of surfaces compyises a_coati ayin carefull
e B TR e e RS SoGRE PR BB, angyler
illlenstatioa afibrmbiyrdbearefesetfaresgeprefenadstarorisodicegldsytarthe bottom
ical C i , Preferably, S ortion of Ji
Sui@;%:éfﬁ& %ﬁ%@é@%&:‘?ﬁ?&%ﬁ?ﬁ&% o[f%t%{ﬁ()%be & fh% Pea&)g) Bosmgrp t18. Further
preferably, the predetermined angles can be adjusted or varied accordingly to allow

light to be directed at the semiconductor package at required or desired angles. In
addition, the multiple layer LED devices are preferably spatially arranged to
substantially avoid interference with light reflected off the bottom surface and each of
the four side surfaces of the semiconductor package 12 positioned at the ready

position 18.
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semiconductor package 12 positioned at the ready position 18 is reflected
by the surfaces of the semiconductor package 12. At least a portion of the
reflected light 20 from the semiconductor package 12 preferably enters
the prism assembly 16 before exitinggtherefrom and entering at least one
of the number of cameras. The number of cameras is preferably two,
namely a first camera 24 and a second camera 26 (alsg referred to as a

Prafetaiydee parie HLTHBALOH aSseiPBh Im g lishRIrdicRe(sclight primarily to
the IRfesab Burbed shenlirsérarimietactst packtie 3ecssdtionetrsd the argly position

high-resolution 25 cameras. Each of the first camera 24 and the second
amera 26 can be of an equally high resolution. Alternatively, each of the

first camera 24 and the second camera 26 are of different resolutions.
Preferably,gllight entering the first camera 24 and the second camera 26

The SN G JOTaNSRESHIRE B HEHULHOL BESHATRY 1KeUBRBHGAUERAISRS the
pridresgentinelye ThrdighotesalytionepfcdierfisstaapierarBéd andnthasseeond 16

camera 26 enables high-resolution images to be captured. Therefore, the
Coﬂﬂﬁﬁﬁfésalu%??b@f tﬂg 98%%%%%’&% ESna"ESrADY o Rimber of
supiiey bl sathfcu B Retyaryantk cassfigusetrce datectdeiesibamnhyFireher

sg.ﬁt%m 10. 10 Prefe{;‘?fﬂ%/, tgggoperation of the first camera 24, the second
PrEtGEa0RY: 2% U IRETi it S LRGeS i el RARUINIA o ¥ 45/1BIY of Passageway
theeiinesioEaf A fompuienteastdsifsteshandadhidgrprodeabiai cemnisaieirties

not shown referably 5 cqonnected or.in

LT bl troller i
or AR o A R PO o b LA A B SO 2
coaﬂ@mglmgmeam;millyd@ﬂ@cmimmmﬂbc%,Tfa?]mranmalat%:ﬁxp:]nmlteﬁo.
referably controls or determines properties or charagcteristics of light
INCFAAIRA R dT0Ia005 0 BT IRELED THUTARSSP G S Sy an
OpticabCeittemingiweocessembly 22 to the semiconductor package 12
positioned at the ready position 18. The 10 properties of light controlled

by the programmable controller include, but are not limited to, brightness
Profeintegsity, lkakr andrifiominiatightangipliedroexdinepted the progiafacresiae the

ler is abl | the angle of each of the multiple|
seRCRLBLCI TR0 19 & ISR e SMh S SIED s SL SR the

susfadex efoflihasrivondodiectpaciaged 2.2 Ao ktisine ¢ atitre oéably fkitied light
18, Eence the angle of light 15 dire te(g1 each of the. multiple laye
BG40 e UL RS o EEEL GOk EP Lo oS eRore
exithdPriedfstbiy, dight niefiecied letstrenboftdm sunibee aff thmaasiCbaduaiber of
device. 12 is substantially perpendicylar the reference plane. Further
caprpr%r S é%@feé%{ ?X?It\f\w’g’ fﬁﬁprpeﬁl AT cameraejg S s ReE0Ra camera 26 (also
referred to as a first image capture device and a second image capture device).
Preferably, both the first camera 24 and the second camera 26 are high-resolution
cameras. Each of the first camera 24 and the second camera 26 can be of an equally
high resolution. Alternatively, each of the first camera 24 and the second camera 26

are of different resolutions.

Preferably, light entering the first camera 24 and the second camera 26 enables image
capture by the first camera 24 and the second camera 26 respectively. The high-
resolution of the first camera 24 and the second camera 26 enables high-resolution
images to be captured. Therefore, the high-resolution of the first camera 24 and the
second camera 26 preferably enhances accuracy and ease of surface defect detection

by the system 10.
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20 side surfaces of the semiconductor device 12 is perpendicular the
reference plane. Light reflected off each of the four side surfaces of the
semiconductor device is preferably supstantially parallel the reference
plane. The angular illumination assembly 20 and the on-axis illumination
assembly 22 can 25 be controlled for simultaneously illuminating the
semiconductor package 12 with both an[gular and on-axis li

PraiiesaRlvijRR ORAEUR QTP fI TiFsh et A e‘ﬁwfﬁé’@%ﬁmﬁ@%ﬁ aGsthe lighting
asHmIpatiog @eERIUNYRR G Be &@M@Il@%ﬂwf&&,@ms@éﬁaﬁm@stem and a

time-interval based angular illumipation and on-axis illumination of the

PrOBRAREBIAALFo A RIS 3L SO b1 AFASEIE SR IFO REPTOLBTe o Preferably

cometivicuially igosigaheacheiuiiieatféhdifierendastoney tisrs tat ighjuaap pilesipytion
the Ji pr%htmg assembly 14. In addition, the contrgller is preferably cié)able of

a3 R eOr dRtP il L GUpBR PR SeF o f fighP8 sRd controller
prégdtiDgy asaedlblyrldotebhibighbispeepesasharbelananiasy eticlgpheowy at

as photons. ngh exhibi operties of waves particles, o
e i Bl e TGP VTP AR S0 A8 U - e dlafgination
asgghbly aizfmkn@wrﬁéoh ﬂd@!@ﬂd@d@khgﬁﬂ?ﬁf@ﬂﬁdﬁelﬁghtthmf hayllfaasiméilhe ghe

eam or 119 t wave ha wavelengt e velength of the ht beam
D Es A L ERE A 1 B B P SRS e o i ot
Ilrﬁlf@@'éw ilbr@@:l&fémnd’rlglﬁt@ﬁﬁwlSelhdﬂ)/arﬁbf:hﬂﬁﬂﬁﬁtl@fﬂdar@flecﬂwﬁywﬁﬁh]ﬂe the
ht beam when the eam stri or NItS a_suriac S
o AR RSl S B e D B A Pt AL e By e fer LeD
de@ﬁxfmqnndduetpﬁmoI@;@@ei@w@@plmevumnd@et&&ralongdm@gmkaﬁa@bf&he
ositioned at the re osition 18. Images are ¢ whe
seR O M e e Iaa0 e LAt PN ST ohPite T e gf tiont
ditb\aezﬁbycsanldmmepaohage Ly entEd dihpeihe thstseariveraldd@rghekage 12
second era %?é 15Pref ny light reflected off the surfaces of the

poéétrlﬂfbe&h IPQ@'@'Q avels first through the prism assembly 16
before enterlng either the first camera 24 or the second camera 26.

bl I f| II ws a fi )
P G he LT IS PLIT P ChghY a2 i
subvNntizlly mmﬂtbﬂmﬁm@fw&neem%@llm&a we:temblyptmhp@lthhe four
th h th 6. A f first
s PR of OOR SEMBRICME L oy g2t et RS Tefeiie iape.
Ligbticraflpaédm'fd) ermflemembgfndrosmehwb‘auerrmsmfacmranm)mmmfdiheme is

SaRsERP b R RicRdusior fackage 12 positioned at the

pr]:a%'rra |
The angular illumination assembly 20 and the on-axis illumination assembly 22 can
be controlled for simultaneously illuminating the semiconductor package 12 with both
angular and on-axis light. Alternatively, the angular illumination assembly 20 and the
on-axis illumination assembly 22 can be controlled for effecting alternating time-
interval based angular illumination and on-axis illumination of the semiconductor
package 12. The programmable controller is able to individually control each of the
different properties of light supplied by the lighting assembly 14. In addition, the
controller is preferably capable of controlling or determining a set of properties of

light supplied by the lighting assembly 14.
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25 ready position 18 enters the prism assembly 16 through a first entry
surface 50. The first entry surface 50 is preferably coated with an
anti-reflection coating for preventing or substantially reducing reflection of
light striking the first entry surface 53-130in a step 120, light entering the

LIBRET @sapeeaidyot elisaitenqaridiassernnd defesitre. sutiacexhmittiroperties

second reflective surface 52 |s preferably coated with a special coating.

Of Qi PRy S tRRIs PRtiSleS o atipRp AReD ParERTSN i i s Hied ity A¥ye-particle
duanspredasrsato 1Rl UNRNI L% tesdedveint beae b PIRfer akleth€ach

. reflection, transmission and absorption ratio is variable with a tolerance of

lighh Ream & A AR IRRR), WRYHERMGH o N aWEHSISE9A dtabsd9ptidiram

detetiiireatiesiahty of wariaghe mareauieetedte dgwiahechigetioan stasesrtedr in
an incident light beam striking an interface at an 5 angle fj.e. angle of
e eSS Rty pERsRrBHOD s SeflssiMibn el the ol Aamighen the

ligheseat) stritkdbernaisignt tfabs. beam, will be reflected off the interface at a
same angle, i. In other words, angle of reflection of light beams or light is

equal to the angle of incidence. 10Quantity of light beams being reflected
A@fbfré\ﬁ@ﬁ@g_?ﬂermﬂgfetdg,/etﬁelr_fm@%d?mﬁnﬂag@ndiiimu@f_lectit;iéyfsurf%ﬁes lpfhthe
transmissibility and ahsorption ratio of the special coating. Preferably, light
seD RO ka0 AeehinauivR B pecleo iy srpfeas 1niiitoned
at elg1addipobitienar®)leneigacide ragtulsdnhsteligh8 Gintoechafigeap lighdrred to
fro&i{the secon reflectiyég urfacr%és directed throu&h a third reflectiy
nh

s ORI e AL e SRS 1, Bre e SHHO R AECsagR fcenters

eithe thi dirsflentpre 2udadeSdopatpemieszdly to impede reflection off the
third reflective surface 54. The third reflective surface 54 is preferably
made by the Optical Cementing process. Preferably, surfaces made by

Prifer &pyicht Kianafiutie) gfifobrssuhfaves 2ifeths alenti soiniiiatoigibckapsyalgntavels
. refractive indexes on both sides. Light traveling through the third reflective

] R BT oDt T AHE LA et T s f e
sepoificaseen sy Aréfirabisielight that eiaralalyy lighdristiy dte danere 20 datows
a r|rfsI C&HFCQC’IU ggt%etﬁ?oﬁéﬁm%n Irtlas "eés%Qr%lﬁ)? fllgc Ilc—i&rrt]ﬁeet) E)Ore?erably, light that
eventually enters the second camera 26 follows a second optical path through the

prism assembly 16.

An exemplary process flow of a first optical path 100 is shown as in FIG. 4 and FIG.
5. In a step 110 of the first optical path 100, reflected light from the bottom surface
and each of the four side surfaces of the semiconductor package 12 positioned at the
ready position 18 enters the prism assembly 16 through a first entry surface 50. The
first entry surface 50 is preferably coated with an anti-reflection coating for
preventing or substantially reducing reflection of light striking the first entry surface
50.

In a step 120, light entering the prism assembly 16 is reflected off a second reflective
surface 52. The second reflective surface 52 is preferably coated with a special
coating. Preferably, the special coating has a reflectivity, transmissibility and
absorption ratio of 50%, 50% and 0% respectively. Further preferably the reflection,

transmission and absorption ratio is variable with a tolerance of up to +/- 5%.
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25 normal of the fourth reflective surface 56. The fourth reflective surface
56 is preferably coated with the special coating similar to that of the
second reflective surface 52. Further, preferably, the reflectivity,
transmissibility and absorption ratio &gthe special coating of the fourth

Alghegtiugysuthacecsda s bstaiakyiss uivalesderphiehotdhe seceddstable or

reflective surface 52. Alternatively, the reflection, transmission and 30
VaLkaBls: BRI GRAMIRS of the special coating of the fourth reflective surface 56 is
different from that of the second reflective surface 52. Both the second

reflective surface 52 and the fourth reflective surface 56 can function as a

Thelaw GiiteitecHag Mieh iR MdRE SRR PERREFTNE b AOnHIRLRAG 9k an

angléface SRy shentusHesplicatve setfacavdan2bIrRbMEALREIRE @8 tterface
number of light beams, each of the number of light beams directed alon

(-5 QipErah 36 BHERRbHIM BraRuW! light ’ FEHRCAIL 1R tIEHBGRAT 2 Same

angiective sisfags &S aigdndaneiReiob sefiepiioneeie Hint of doeapngtacingle
incidence. Quantity of light beams or light being reflected off the fourth

of LGIHERAE-surface 56 depends on the reflectivity, transmissibility and
absorption ratio of the special coating. Preferably, light reflected off the

QUYL TR BT RBCURTFL00 e eoh L REE SR epends
orwithe aregfieaiange tedrgrartebilitgn M amidgiaiivelio thd rrigospéoiah besting.
a ref cta[lgmof a djfferent é/@lue. Increa(iin the reflectance gf the fifth
r

Predeialie WWitate 'SEEHbIRY HRgHEPRE EIEE ot iiit®haantt ahiangle of

refleetinitytal bkateffanteshie offhacitiehbeln a step 150 of the first optical
path 100, the light directed to the fifth reflective surface 58 is reflected

thereby. Light is preferably reflected off the fifth reflective surface 58 at an
Inangtp ABGfirctioeemddighafrohthreasrgmotéficicibrcsurfidnia steptddhrough

o e M B R RS AL s i or
stsketetbe tilirsheflestihe saface@4spivstaniallyrynlampedp eetiestas hFttod third
e T T e A e
Ceeféedﬁngrprﬂd&ghtPNferaﬁﬂ;ivsJyf@t&s finatiekiy smrf@_peicﬁo Qaaé‘ﬁmgf@reis have
e B A R e e AL A ed DB g e
camera lens 62 before entering the first camera 24 in a final step 170. The

Ligﬁttraveling through the third reflective surface 54 is then reflected off a fourth
reflective surface 56 within the prism assembly 16 in a step 140. Preferably, light is
directed at the fourth reflective surface 56 at an angle (i.e. angle of incidence) to a
normal of the fourth reflective surface 56. The fourth reflective surface 56 is
preferably coated with the special coating similar to that of the second reflective
surface 52. Further preferably, the reflectivity, transmissibility and absorption ratio of
the special coating of the fourth reflective surface 56 is substantially equivalent to that
of the second reflective surface 52. Alternatively, the reflection, transmission and
absorption ratio of the special coating of the fourth reflective surface 56 is different
from that of the second reflective surface 52. Both the second reflective surface 52
and the fourth reflective surface 56 can function as a beam splitter. This means that

light directed to either the second reflective surface 52 or the fourth reflective surface
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camera 24 preferably defines a first image capture plane. Preferably the
first camera 30 lens 62 is spatially positioned between the first exit
surface 60 and the first camera 24. Further preferably, the spatial
positions of the first camera 24 and first camera lens 62 are

sesehsenieliyctedds BheufiteécampghtleBants pachesriRhe hrerddend IR itams

_object distance, The first camera lens 62 has a predetermined focal length
diggred alaDme dirent Rathitedisriifiication or magnification factor.

Preferably, the focal length, and 14 hence the magnification, of the first
camera lens 62 can be varied as required usin%;’I techniques well known to

Prafpelyn URliedpingiecisy. pedisdRrihe fileatum g Biotmagnficafiornale of
reffafsackyathedirst eametadenshiddnenablaatighir atectad oy theht being

bottom surface as well as light reflected from each of the four side

relarate Oli tHE sdRHESNdGERSINECIGEER phsitiSRERCS (e rifuy BHEFYHY:

trabBrifseibigity e canaerptidheedaeiHhspitsilcarngig. 24 is preferably
capable of capturing images of multiple surfaces, namely the bottom

surface and each of the four side surfaces, of the semiconductor package

Pré%vﬁ@%iwigﬁdh@ﬂémeﬁﬁ@ﬁﬁmﬁiﬂﬁh ﬂe?rlejaﬂ\/é;s@pfgléﬁrﬂafbs pesfersbpdicatted to

200 is shown in EIG. 7 a IG, 8. Prefer , step 210, step 220 .

o B Ll G o o B 950 S Gk S AP 165 egiror

firk2® witd ategrikdQnesptajreatyrahitie s, optiealapatyl Qe Thiemfdigisin has a
e step 210, ra& cted I{?{I:LtH f.ro the pbottom su][(iace of th? semit%ogr];du tor

R aHAL pBifloNEE 4 A riﬁ%aﬁwti R HE N
sutfadhreggintitelirat sigfreepefdnighe ivthrghteliestes aifiitheyseroadith to be
flective surface 52 in the step 220 at an angle of reflection equal the
re ﬁﬂf‘é}%%‘#@éﬁce. Reflected light off the second reflective surface 52
then travels through the third reflective surface 54 in the step 230. 20In a

step 240 of the second optical path, 200, light traveling throygh third .
I BrREBVIS R 2135 SRR Hrbu IR IR TER Fenkade Bl sgive
suwittenshasprishecass emidyyl 4. igheipenctatadge offightdrafmitéiftthroflgitive

the foyyth reflectjve urf ce 56 is prefe agl dependent an the reflectivity,
SR U BB DLl Lpe R B IeA e fourt

reflective surface 56. Preferably, the reflectivity, 25 transmissibility and

absorptign ratio pf the special cgating.is 50%, 50% and 0% respectiyely. .
e e e e T R R e
aspaeiiea b6, ttnangim dtédstiesa ti gl i S0 rEnafefigdiyy ¢hsfifsicexBGuifgtd 60 shares

transmitted thro the faurth reflective surface 56 exits the pris o
tESER, Hm g Tl LR e U R 5. This s to
saip réfe faistye xth e s éammiD exafstalibyc eobdpsises dlsethietiseafiectios whsatantia lynpede
or iR {ﬁPeFE‘@Sc%Srtfl%Et?&%heffirsﬁt%fe‘#ﬁ%"i‘ﬁ/ee@)ﬂehﬁré WS 60 has

second exit'suriace 64 is preferably coated with ah anti-refléction coating
difteremp @deperteslasteoriphyeceube thet sefitcedi0 of light thereby.

Alternatively,

Light exiting the prism assembly 16 through the first exit surface 60 passes through a
first camera lens 62 before entering the first camera 24 in a final step 170. The first
camera 24 preferably defines a first image capture plane. Preferably the first camera
lens 62 is spatially positioned between the first exit surface 60 and the first camera 24.
Further preferably, the spatial positions of the first camera 24 and the first camera lens
62 are substantially fixed. The first camera lens 62 preferably has a long lens to object
distance. The first camera lens 62 has a predetermined focal length for achieving a

predetermined magnification or magnification factor. Preferably, the focal length, and
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15 the second exit surface 64 has different properties as compared to the
first exit surface 60. In a step 260 of the second optical path 200, light

exiting the prism assembly 16 5 passes through a second camera lens 66
before entering the second camera 26. The second camera 26 preferably

hedENRS MARAGBEIONGE GROHIFEE RiARes RiefaRkhn Hevapieantt GaRRE using

lens 66 is spatially positioned between the second exit surface 64 and the
technigHep MrHeevs e dRREsPekilisBiln theapatial positions of the second

camera 26 and the second camera lens 66 are substantially fixed. The
second camera lens 66 10 preferably has a long lens to object distance. In

PrafRiaRdn, the %HS’I%%@FEW@H%B%‘QQ Siiretssidimine VSt LARRGHERY 62

endblueYigie PepeRtRIgroNNSR BrRGMfioalan AswilhtheghtserrRbiedFiemeseh of
th%hg focal length, and hence the_m%icaﬂon of the second camera lens

QU SIS, LTG50 0T Lo SRR LGPt PARHATR STV PRIR A Gt the ready

pdseiern Skilestdn threcartiedd Pigfefcrel\ththRrsoagmniiaatipn prdnesppgenghble of
camera, lens 66 is diffe ent from that of th% fihst camera lens 62.

2
CapIUABA ARSI JH BNt HTARE S2RITRAK AR ROLPER TSP A G3CH R the Tour
sig@snefdensf thecahienadien epickajdighbisilesied dtane theahgitenion 18.

surface of the semiconductor package 12 positioned at the ready position
18 to enter the second 20 camera 26. Therefore, the second camera 26 is

Argr@tamhw@@@bi? ﬁbﬁealtpamggomageﬁmf WBIZG.mCH@dSPgBifEﬁWrefeéably,
oftom, surface of the semic ctor pac 1 itione the rea
S eH S T8 21 ARV 20 AL AREAUE  OA ALPab Q) 2, ST S0,
stdpigteer dhawsttipat 37 tespbcatehmedefistish oty a0oighesrsfrgein the step
oA TS B SR B  ASR TS Dot
at rregrofidatienitidihes fusteeanherpriems £38efrivly the seoogil trnfarea tenfacos50.
1 b t tem 10 i f myltipl
L GG GHE P R e R0 R A B D OHER el £ & BB, e
ofimeBl@dtienagt thatirciagking iheidemoheRyfzamerigknsfoitteessystemetioctive
h with a diff f I h th ith ding i
S D AR DL S P P e B R e
10 to capture images with an increasing number of magnifications or
ber of vi . 16 The fi 4 the. d 2 th
Ing SR b ety L PR SR AR e

sulifezanviih iherinstraitiddstinfacghoCharfdutte seitenti/exdtifactadé G4dthin the prism

A R A RSB RR res
5edisjereber air y plapendst ioad Heeteftset vity, foandmissibdiiyeasdrédbserpoandtio of
thghsepggtﬁlr%%gﬁﬂ\éeo?utrﬁgc’reoEr%OFJchRUgr@u??zﬁ:eemj%Iy F]'r%ferably, the reflectivity,
transmissibility and absorption ratio of the special coating is 50%, 50% and 0%
respectively. Therefore, 50% of light beams striking the fourth reflective surface 56

are preferably transmitted through the fourth reflective surface 56.

Light transmitted through the fourth reflective surface 56 exits the prism assembly 16
through a second exit surface 64 in a step 250. Preferably, the second exit surface 64
shares the same or substantially similar properties as that of the first exit surface 60.
This is to say, the second exit surface 64 is preferably coated with an anti-reflection

coating to impede or substantially reduce the reflection of light thereby. Alternatively,
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Preferably the use of the prism assembly 16 reduces space required for
installation of the system 10 as compared with existing systems for
inspection of semiconductor 10 packages 12. Further preferably, each of
the first surface 50, the second reflective surface 52, the third reflective

th8 BRI editLa fiierta 1eiieqtike s s RRARMBIRPAYref iR Saieaa face

58 of the prism assembly 16 are spatially fixed or immobile. The
6Qmmobility of each of the above-mentioned surfaces of the prism assembly
16 eliminates or substantially reduces calibration or adjustment feedback

losses present 15with existing systems that utilize movable mirrors and

In| @ngieR, ARoHE 76 r SRR ABHGH Kathica it pitiodotie RIS ASHmPY 16

pakd6s. thebisghraeshincarmeeo S REBRIaRY emtdamentaioie RiasrNR6. The
invention. Preferably, the method 300 utilizes the system 10. 20 In a ste

seqqf! FRELmEoRIERH B ASELgS mgmwdcaﬁﬂ@ 306 ﬁé&fﬁ&?'&’% the
sedd1Rireandr st @6 18Isapehz st ipeatoetwedtink s ndesxipgsitce 64 and
structure 68 of the system 10. Pref raﬁl : the_?jide view prism structure
thf‘:&ﬁ?ﬁﬂ@e%‘@%r%%-e‘ryﬁdﬁ?%ﬂrf%{éé%r%%le%i PRSI i fosheond camera
2&%&%5&@@??@%‘15@6@fﬁr@(ﬁiﬂﬁfanlﬁlI?&ib&e@%ﬂﬁ@%@dﬁﬂ? antially lens 66
within a space defipe the foyr surfaces of the side view prism
OrEIFTRR & Gt B O LI T o AR bR S S, CEsA s 66
hﬁtw@@%@mﬁu fiwiwm?i?gbﬁﬁ%ﬁﬁem@wmhﬁéﬁhmé@lumlgilﬁﬁﬁtfm As
semiconductor packa . 30T he lighting assembly then supplies.a firs
R oA AB e e JoRch o I LT DB iy o s g the
se6teid 320eRrkies ®olyathaldu sicfhagieofakgbt)iliveninsitestttarhigtismvellrkacen to
together.as wel] as each of the four side surfaces of the semiconductor
Joiongics

d%ﬂ?oq{&d at the ready position 18. 17 Preferably, the first
flash of light has a predetermined set of properties. The predetermined set

PrE 0o CSRULEE U SUBF PSRN Berab oSS o et of
thb;ﬁmrimsrratnétnmmmmai@mIggtﬁﬁégtfmﬂh?f@:hawglfn?@?gmmm” 5 iféﬁ&hy the
es rises % bri , -

s FATER L 2 AR B S R ST bt o
theaantedndirdidu izy ledtered pssitouectet theessetlyqigsitipe i@ soiemeeft@bdgond

ifj ted for highlighti ific t 10 of suiface defect of
oA ELET SACAETS) P oL D GRBEh b B ates
ofsensiogied utiare pspEcifiesyL betidiac ssudieetofs theoseadcomdiety opadsye 12

daqne using Jight hayving a.certajn set Qf erties, as will be appregiated
pqsg/ |8n6§r s?(?n“s%(iﬁ%%d?ﬁ ﬁ%)élgﬂr_] A48, Ere?el%'bqfl), t%e magnlhcatlon BFefrg Second
camera lens 66 is higher than that of the first camera lens 62 enabling a higher image
magnification of the bottom surface of the semiconductor package 12 with the second

camera 26.

The different focal length, and hence magnification, of the first camera lens 62 from
the second camera lens 66 thereby enables the system 10 to capture images of
multiple magnifications or multiple views. It will be appreciated by a person skilled in
the art that increasing the number of camera lens of the system 10, each with a
different focal length, together with a corresponding increase in number of surfaces of
the prism assembly 16, can enable the system 10 to capture images with an increasing

number of magnifications or number of views.
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15The first flash of light directed at the semiconductor package 12
positioned at the ready position 18 is reflectable off the bottom surface
and each of the four side surfaces of the semiconductor package 12.
Preferably, light reflected off the bottb™ surface of the semiconductor

THRAa¢kageakield Narpediciakted@iainérctzsl off @ackyefdhe fouirsidReferably

surfaces of the semiconductor package 12. 20 In a step 330, a first image

POSHttRRETHRSEAAGHN: ANAERRIGRAS™ QLRI IR WY i &R B Lot s piace 60 and

thE seterrbikitherfist earreirai e maspdifepaoiedefinedyengtpasfititnmg or
to enable the entry of light Entry of light into the first camera 24 there

by
PIAGRERRAE fHh A TESHCARTRG thid ARGt EEnRerQrsh CRTSHA 4B1P R R SIFFgmMines
disemdssbcapera RfuiRellnsdhe fiistfontieaterpsbil@OsUrraiersbluninagesifth

captured by the first camera 24 are of multiple surfaces of the

relerhide sttt PR AG 8IS A% Y position 18. This is to say, images

captured by the first camera 24 preferably comprise an image of the

bottom surface tggether with 30 image of each of the four side surfaces
P FRD e 5P AL A DRR SR oL LBeS o095 &5l B4Rt lgHon of
thadgiion, tledirsoimaeedcamivredssry elgtahly thanasiestrsd &y séiconductor

predetermined set of properties of the firsf. flash qof light. 18 In a step 340, .
ool b LA T LA Ne o BeloHF 4sh BTER: S liBaSioptp rrlective
susky EMducthirpachegt/d 2uphpiti onethafibatieetlycHositinmat 8 SBrefetablfifth

e second flash of Jight has the same predetermined set of properties as
el e S PP T R oG ALY b1 Pl A e
insebolipyoperégsh asfcampasevktmbiineiist flasicef lighthéd peisancideatdyis16

then captured by the secqnd camera 26 in a step 350, Preferably, the
ol A0S EL LTSt LRSS 15V Bleio e KB P EHURc oot ot
wiehnryistinpbysterewriseutilibetheolisplearineye 2dd teasentry of light into the
second camera 26 10thereby enables image capture by the second

camera 26. Preferably, light entering the second camera 26 follows the
A seediud ofoticalspettic?0@f semiconductor packages 12 as shown in FIG. 10 is

provided in a second exemplary embodiment of the present invention. Preferably, the
method 300 utilizes the system 10.

In a step 310, the semiconductor package 12 is positioned at the ready position 18.
The ready position 18 is preferably located within a side view prism structure 68 of
the system 10. Preferably, the side view prism structure comprises a number of
surfaces or mirrors, more specifically four surfaces. Preferably, the ready position 18
is located substantially within a space defined by the four surfaces of the side view
prism structure 68. Preferably, each of the four surfaces of the side view prism
structure 68 is for receiving light reflected by each of the four sides of the

semiconductor package 12.

The lighting assembly then supplies a first flash of light or illumination directed at the
semiconductor package 12 in a step 320. Preferably, the first flash of light illuminates
the bottom surface together as well as each of the four side surfaces of the

semiconductor package 12 positioned at the ready position 18.
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Preferably, images captured by the second camera 26 are of a single
surface of the semiconductor package 12 positioned at the ready position
18. This is to say, images 15 captured by the second camera 26 only
comprise an image of the bottom surfce of the semiconductor package

PréfeR@sitionrd misthelieacdyf PRGHIORE8 a ThR.GaEANFhEIN LS, 85 YipdReesirsThe
image, is preferably characterized by the predetermined set of properties

PrefereralEanaeiash of ABRtiefndteREFECTBBIN tHRITE LR iSRAYO e the the

coftpdlIRagasPREeTabiyysAasesREommas: Psedrtsenias heefeibly comprises a
characteristics, and is hereinafter referred to as a first set of image

SPBSH1E DIBANSRS e APV SCHP LGB IHETRA 7 A o 85 EENBF i set of

prépengesaiophioReEiBsydbrighaes aegamiomaaesyidigreaciiussingfion angle.
images preferably shares a 25same bri&htnes_s, color and jllumination

PrEfRu AR ARG ¥ W8 Atk MPRTHRS CRBMM AR dyalpaaliered as

reg@ireanon different set of properties. As described above, the first set of
images is captured or obtained by performing the steps 320 to 350.
Preferably, the steps 320 to 350 can be repeated as often as 30

Trreemh ﬁ@;%ﬁér@i@@@@f?fﬁlw@ Sgé&i_iﬁﬁﬂglﬁ%aélt_i@di}mﬁﬂiumur@%ﬁiﬁgﬁ%@bgmc type

the set o operties or i t su e the li tiIng. assem IS variapile

O oS LA O e A AL BTRtor2 S I aBR N A egion of

ced@ﬁté@ﬁﬂ:dﬂﬂmmrygwka@ﬁ%e ,ﬂfl@ﬁe}iﬁ%@f&ﬂb@gﬂﬁﬁ%@d@iﬁyﬁor easily done
emiconductor pac e 12 is for enhancin e detection ifferent .

A N S R O U PR AR SIS PETgen gited

intthe first set of images, captured

The first flash of light directed at the semiconductor package 12 positioned at the
ready position 18 is reflectable off the bottom surface and each of the four side
surfaces of the semiconductor package 12. Preferably, light reflected off the bottom
surface of the semiconductor package 12 is perpendicular to light reflected off each of
the four side surfaces of the semiconductor package 12.

In a step 330, a first image of the semiconductor package 12 is captured by the first
camera 24. Preferably, the first camera 24 is exposed for a predefined length of time
to enable the entry of light. Entry of light into the first camera 24 thereby enables
image capture by the first camera 24. Preferably, light entering the first camera 24

follows the first optical path 100.

Preferably, images captured by the first camera 24 are of multiple surfaces of the
semiconductor package 12 at the ready position 18. This is to say, images captured by
the first camera 24 preferably comprise an image of the bottom surface together with
an image of each of the four side surfaces of the semiconductor package 12 positioned
at the ready position 18. In addition, the first image captured is preferably

characterized by the predetermined set of properties of the first flash of light.
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by the first camera 24 and the second camera 26 are downloaded or
transmitted to the programmable controller or controller for analysis
thereby in a step 360. The 5 prograig:able controller is preferably in
signal communication with the first camera 24 and the second camera 26.

InRretepaddy, the Innang asseAmnnRpadsa hedogianmpanigheenselier asthe

image signals. The programmable controller is preferablé programmed for

SedH GhRATKagR 4 4IBAMIPREE AL £289% RASHIAY LS ddfRIse dRosgrond
flRFPEfamAtaRie heruritep RR RIATRIAPRS P6P grepedi S Rath EifQcRE of light.

algorithms 10 known to a person skilled.in the art, for example, image
Aligraveind MR SEERRAHRSh AL dFETIKG & CHRjE SR A RHoRs fSRrgRgRared to

thelgiteetinshserfage. defects of the semiconductor package 12. Further
preferably, the programmable controller is capable of enabling automated
surface defect detection of semiconductor packages 12 being inspection

A dedimsyﬁég?iagaelﬁgm rlétﬁlﬂipmé@@cfmdi @almﬂcm oh %egnipbcw%; @?@ferabw,
ackages 12 preferably enghles a sequentjal image capture e first
(O SERBIY SATIR1R AT L R ARGy CyF Al ot s o
|igfhl4. &nrdemsesanoﬂm@angﬁ@raérem,un@t?m@equB?Haldmfa@Sdeoaﬂ calmera 26
alternating sequence. The programmable controller preferably controls 20
OERED R on SR FOPUHE LSRR Eo Ry P Ereb DA TP the
setvadeanbch Caméltavéstiersalient aiptigdnpageuapture thereby. Image
capture by the alternating first camera 24 and second camera 26 helps to

reduce impact of delay due to data transfer during the capture of images
Prbfethisl yir sinageserapBtaanpythiesswond cameta@barRSeFensirly, sirfads of the

ired for data transfer during th t fi The duration of
selURTAURIAL PRSEahy PLIGZE e e er ang VR o e sabadmases
caphecdusgatihe sdodath dianste? s wpdyacdrafyisefineimtagespfetd oordicisndscefof
' ture b fi 4 and th d 26, and
0L S OURCMEYS RS0 ERRIGHS) 1 1 SO RTIE4 tPmethod 300 for
inspection of semiconductor 30 packages 12. 20 helps to increase
re

throughput of inspection, of semiconductor packages,12 and thereb
T P PR et A oL BBy BRSO MRS B oy the
prpdeteemi nede sdtoofuptiaes tisnea Sty regoumni ziashltef léghtg TThegéocaphath, the

it will be appreciated by .a person skilled in the art that simultaneous ima
e BT o 1 AT A 2 88 or e AR BB R gt e o
chaosdbistiostantbdassystanafi€lr prferrddddns théineteseot imagasion. In the

foregoing manner, a system and method for inspection of semiconductor
Preferably, images within each set of images are characterized by the same set of
properties. For example, each image within each set of images preferably shares a
same brightness, color and illumination angle. Alternatively, each image within each

of set of images shares a common different set of properties.

As described above, the first set of images is captured or obtained by performing the
steps 320 to 350. Preferably, the steps 320 to 350 can be repeated as often as
necessary to enable multiple sets of images to be captured. Preferably, the set of
properties of light supplied by the lighting assembly is variable or reselectable with
each repeat of the steps 320 to 350. As previously described, the varying of the
properties of light supplied to the semiconductor package 12 is for enhancing the

detection of different surface defects.
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10 packages are described according to exemplary embodiments of the
present invention. Although only exemplary embodiments of the present
invention are disclosed, it will be apparent to a person skilled in the art in
view of this disclosure that numeroué%changes and/or modifications can
be made without departing from the scope and spirit of the present
invention. 15 20 25 21 Claims 1.A semiconductor device inspection

Prefriably chin flisigrage aqddhe riead<smnty eoHiflireiusrfclararsy figpitred
by ehteeiet diper @ dirsihaurfacecoha eaicorslHriodpNinRI@ne: ledrsrafteetes! the

from at least one second 5 surface of the semlconductor device, the first

PragrazBallte SAME UabRhriRIF ORI metlyrnd I EPhd htdedePorB0 The

progemnthanIEfaeatrientingcseislgiiadlyRiPochahleasitieSRE ARG feneamera
the at least one secondglane beln angled away from the first Iane the

24 et deaSEEANSly RIRET 88nffaar G diRECHRtgRe AlReRvn @m%m the
prﬂ@?aﬁﬁ%ﬁ@éf@@ﬁt@mrﬂﬁ@ mﬁégélstgmlqs Seﬁ@wogiﬂﬁurf?bﬁ %C?h&t@w%ra%ypaéﬂéﬁgbly
a first direction; a eam splitte rs |tt|n ight directed a the
PrALE BN RGeS PO B ST hd it I AGes it Moade
toSﬁ@@mbh@hhméﬂtrUHMeﬂl@gn@l@F@B’%ﬁ@@@@eﬂ&lb\n‘g’hﬁmﬁdtbﬂdfuﬁjonthms

ath substantially intersects a first jmage capture 15 plape and the
BRI At S SR 01 e L, SRR i AT S sty
thedshb lemst @n@dgdfwewaiowrfanceo@ndfshﬁgabbaste@ﬂﬁgsegﬂ’radesuefaca i9f the

B B TR RS S e

capable olbémablifigrtesrnarpssinge aldfisitittagri capiuenevicrcefipingdhe 12

belhg INSeLTioh by the Ry atsrn A0’

The method 300 for inspection of semiconductor packages 12 preferably enables a
sequential image capture by the first camera 24 and the second camera 26. Further
preferably, the first camera 24 and the second camera 26 capture the sequential
images in an alternating sequence. The programmable controller preferably controls
the synchronization of the alternating exposure of the first camera 24 and the second
camera 26 for alternating image capture thereby. Image capture by the alternating first
camera 24 and second camera 26 helps to reduce impact of delay due to data transfer
during the capture of images by the first camera 24 and the second camera 26.

Generally, time is required for data transfer during the capture of images. The
duration of data transfer generally increases with increasing resolution of cameras.
The duration of data transfer substantially influences speed or efficiency of image
capture by the first camera 24 and the second camera 26, and consequently, the
overall efficiency of the system 10 and method 300 for inspection of semiconductor

packages 12.

Therefore, it will be apparent that the alternating image capture by the first camera 24

and the second camera 26 reduces the impact of delay caused by data transfer. This
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a second image capture device defining the second image capture plane,

each of the first image capture device and the second image capture

device for generating image signals from the acquired image of at least

one of 25the first surface and the at feéast one second surface. 3.The
heRy$teThaeaReclRibugh iU (BrTNSpEBRBIBEsemicahlRRE6 O KEGEEEB and thereby

disposed along the first path and being shaped and dimensioned for
MARYERAMIS 58R&F R agnification of the image of at least 30one of the first

surface and the at least one second surface acquirable by the first image

capture device; and at least one second lens disposed along the

ALRY Hih KT BlaRG SABRAHMENE e SoRERSSBT TGP ofitzes time-
syfvhentiieatianephiting mags Japtdrat leaatianephtoeidtest Byriase rdsiiReat in

least one second surface acquirable by the second image c%j;ture device.

the, art{al SDH|TARERH3 I HTAYS, CRIW B MO9S L A CaPtiR <kl BRFSRN
caBReQI?d i5 AP POsSRIEULTH Envics Qe irpRIgRRIdOSMARUITeRIOMvEthiene of
a computer-based device and a controller for processing the image of at
least one of the first surface and the at least one second surface acquired
Inbsheafeinegbihg fghimage spptvicsdavinetaod foe seprodomageseaitunguctor
device and communicated to the one of a co puter-basfeé device and a .
PRI HETHATA AGEOP FX B ERL 6T RN IR SmRB RAyention.

Aldientich. dnly Resypiam @atoditaimsl ofutiheraempnsendion ar difelokve, it will
surface disposed for receiving the second light be irected along the

DeSBEEATE et by bRITE APe i COBRY 1 (o SR EagAgimerous

chalayeg angaanddifieatiion tanbthedueanitsplititspaiagdsdineielespyand spirit
fsr:@éface and subseguently along a third direction when redirected by the

Of R REHRE WAL Biwards the second image capture plane, each of the

second direction and the third direction being substantially coincident the
second path.
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20 6. The system as in claim 5, the first light beam travelling in the first

direction when travelling along the first path and the third direction being
substantially parallel the first directiog 257.The system as in claim 1, the
reflector assembly comprising: a ieast one first reflective surface

cR@sitioned for receiving and directing light reflected from the at least one

second surface of the semiconductor device substantially along a first

1. axis, A SemicoNdyEOFHRVAFdBERES YR ST IFAMREAEGEed from the first

surface travglef@gobatasially @lenguRe fipradRindightl R B ASAfirst

claim 1, the reflector assembly comprisin a plurality of first reflective

surfatE L0 GBS I VAR G AT ALl TR rEeRR alrleast gne second

pluradityretsslethe daersonti ot SeaVRRNERIC TSt eViea ¢ R A YAkt 8l ly
first axis, each of the plurality of side surfaces 5 extending along one of a

pluraft9ngr iSRS A e AL R R e cAnd s4r 88 Sdeprind sHastantially
eachaibigeaplieestityref sidenglpnas canstitudag healclenrt preseenitangled

planes. 10. The system as jn claim 9, each of a plurality of first side planes
being W8k B8ty el AR o dRLIFA pRRVEE THEG) RO 4uTsf for
claimd@rethie g iealigy b du i grfl echivasutfates ifata gindtelie ReSERNBAStECoNd
defining a passageway therebefween, the first gxis intersecting the
semié%%ﬁ‘fgzﬂiﬁﬁt%@ﬁ@i&ﬁ B%ﬁ'nbr§h€§?§ﬁﬁ§ﬂ§'§erpendicular the first
surface 15 ghtagnspiiieefougitttieMzmt anddlkd sRmickidistelidelseinto a
being.disposed for the passage of light reflected from the first surfac
thor GG AE (S LAUELIag ARG o Lia G, Ay 0 b eam for
travelling along a second path,
wherein the first path substantially intersects a first image capture
plane and the second path substantially intersects a second image capture
plane, image of at least one of the first surface and the at least one second
surface is acquirable from each of the first image capture plane and the second
image capture plane for subsequent inspection thereof.

The system as in claim 1, further comprising:
a first image capture device defining the first image capture plane; and
a second image capture device defining the second image capture
plane, each of the first image capture device and the second image capture
device for generating image signals from the acquired image of at least one of

the first surface and the at least one second surface.

The system as in claim 2, further comprising:

at least one first lens disposed along the first path and being shaped
and dimensioned for modifying optical magnification of the image of at least
one of the first surface and the at least one second surface acquirable by the
first image capture device; and

at least one second lens disposed along the second path and being

shaped and dimensioned for modifying optical magnification of the image of
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12. The system as in claim 11, further comprising: 20a second reflective
surface positioned for intersecting the first axis, the second reflective
surface for receiving and redirectingéight travelling along the first axis
towards the beam splitter. 13. The syStem as in claim 12, further
comprisingt BRaBfltHMinatanfecaenarating ik the BhssHaaiarRaingquirable
disposed for directing light ?enerated thereby along the first axis and
towaRYS BSOS RAG BN HER HEY1GRe second reflective surface
substantially interposing the illuminator and the semiconductor device, the
second reflective surface being light permeable for enabling passage of a

- portidBPYRILAEE ) $h88DMTMELER ' Bads HRPHHES SaMIReoAMLIdB Fecond

devidenteresprorotevide BEIRGSQEhASCHENHAIMCALIBH AR eMRBAYIRBIMputer-
a first image capture device defining the first irrg}ﬁ%e capture plane for

capt MNP RES ARG FERUSh Tol Processing lmgﬁ,%cafa (r&shaDRaT the
definfigttberireand imaae leasitere RinadaLeRRtUSREIRSEPPRIJIMED e first

therefrom, a first lens disposed along the first path and having an .
optic AN AYRTHRLAS W&&SP‘? %ﬁ%‘ﬁﬂﬁ%‘%ﬁﬁ&?&p&’ﬁ% éCSfﬁ'Pmi‘;S?GVQW@FEd

side bsuitaees@Enddbradinet sidacdaidhesemicpndieiaisdavinaae tignals to
first image by the first image capture device; and a second lens
dispéE@&%YJHﬂoﬂ% @ééBHﬁcﬁaaﬁ%fﬂa é(\'ﬁﬁg an optical magnification factor

for enabling capture of image of the first surface of the semiconductor

5.devic1e as the second Iima e Pu;hhhe second.image capture 10device.

he system as in claim-1, er comprising

a reflective surface disposed for receiving the second light beam
directed along the second path by the beam splitter, the second light beam
travelling along a second direction from the beam splitter towards the
reflective surface and subsequently along a third direction when redirected by
the reflective surface towards the second image capture plane, each of the
second direction and the third direction being substantially coincident the

second path.

The system as in claim 5, the first light beam travelling in the first direction
when travelling along the first path and the third direction being substantially
parallel the first direction.

The system as in claim 1, the reflector assembly comprising:

at least one first reflective surface positioned for receiving and
directing light reflected from the at least one second surface of the
semiconductor device substantially along a first axis,

wherein at least a portion of light reflected from the first surface travels

substantially along the first axis.

The system as in claim 7, the at least one first reflective surface being defined

by one of at least one mirror and at least one prism.



o

15. The system as in claim 14, the optical magnification factor of the
second lens being higher than the optical magnification factor of the first
lens, and image portion of the first s%gace of the semiconductor device in
second image being 15a magnification of the image portion of the first

9.surfagacofyifiersenisendncioriavaectathsérmilimagemridng:he system as
in claim 7, further comprising: a plurality of illumination devices

operable foPgBlERliRnPEAYTipBEE Ve oTbFaRES  Reg TIgRtdolareroshdNg and
semigpaeisiorigle \isRectdd frioenyplaralrg bF slaémukfacdcop ialitynddonductor

illuminatjon device further being disposed and o%erable for directinqgflight

at th& QARG HREEE MeteR%f dITRRHI3nAEN QhHIERY Bl RN GleddegUrTaces
The syséanngsdIdsiedme 165, shawrhiiglibr efdd Rinatisnddgyisetdurhendatngast
disposed and operable for directing light at the semiconductor device at at
least S RRNDRIARET AacBIB e Wé&b’&fé'&?a‘?%ﬁ%ﬁ%%BHﬂ%‘?@% least
and ¥nessiopaeRinasplurality of degree of illumination. 19. A method for
inspecting a semiconductor device, the method comprising: capturing a

first image, the first image having a first view; capturing a second

10magehtheysegangsinmataimavingeacheednd piemlitheolirsirviesideopipgingeing
one of and the second view comprising the other of an 25 image of a first
surfa%égﬁtﬁﬂji@%ﬂﬁmfﬂ%f é@/ﬁ:@t @ &n image of the first surface with

at least one second surface of the semiconductor device, the first surface
extending substantially along a first plane and the at least one second .
1158 SHRLHTG . HEH A F RN G ¥ G0l h e GECO RIS ARG e inter-
leaspesitdnedciondipfaniegbeipgssnglodyatven feowethe fivsfipbangiandersecting
processing.at least ong af the first.image and the second.image for.
vop B T U BELS G 415 20t G A s ACFING e AL DA Da s urface
surfatehef divaisendicstod detdcedavidehe semiconductor device being disposed for
the passage of light reflected from the first surface thereof through the

passageway and substantially along the first axis.

12. The system as in claim 11, further comprising:
a second reflective surface positioned for intersecting the first axis, the
second reflective surface for receiving and redirecting light travelling along

the first axis towards the beam splitter.

13.  The system as in claim 12, further comprising:
an illuminator for generating light, the illuminator being disposed for
directing light generated thereby along the first axis and towards the
semiconductor device, the second reflective surface substantially interposing
the illuminator and the semiconductor device, the second reflective surface
being light permeable for enabling passage of a portion of light directed by the

illuminator towards the semiconductor device therethrough.

14.  The system as in claim 9, further comprising:
a first image capture device defining the first image capture plane for

capturing a first image therefrom;



10

15

20

25

30

wherein the capturing of the first image and the capturing of the second
10 image is performed one of simultaneously and sequentially to thereby
enable one of simultaneously and seguential inspection of the at least one
of the first surface and the at least ofié second surface of the

semiconducGi@eedamage-chpeird aEvRsh as iR ipgtRe S8c oMb reagdiRapitst plane

image is capturable from a first 15image plane and the second image is

captUPISRPHHS %A SEERRH MRS e first image plane and the

second imagefianfneingpeitded By fist IRA0BHAPIHEE HEMIGE aRdddtical
second image capture device respectively. 21. The method as in claim 19

furthShaBIESALRTY: %Péc@(nﬁ@aﬁﬂagecéi’é%soédﬁ@%oﬁ’fdm@ Rluplityepf side

one gy shimagei snduigceerane denagendbetonagacianale first image by
to the first image and the second image being generated

correspondi H{%
by thEMLESHTRARE CaBIIE dRXitée &M the second image capture device

respectivelys 886bnd lensPiizpessinglthg eeeiveshimagr éiﬁﬁﬁbﬁ/tﬁgﬂaﬁr‘ébﬂcal
inspect at | ast on of 25the fir bsurface and the at Ieiﬁm e second

surfalBYH'tHe E}HBuE‘,'Ecﬁ”& [ CORIieh BT BRI P [§huftgce of the

furth@ém@mmmng device as fhedidogoatteant oyetné opéeall image capture
magnijfication of the first image and 30optical magnification of the second
imag EVIC®\wherein the modification of the optical magnification of the at

least one of the first image and the second image is effected by at least

159”6 QII at least one firs Ienifr{ﬂl at Ieas one s$cond I?ns resPeﬁ:tlve

he system as in claim e optlca magnification factor of the sechnd lens
being higher than the optical magnification factor of the first lens, and image
portion of the first surface of the semiconductor device in second image being
a magnification of the image portion of the first surface of the semiconductor

device in the first image.

16.  The system as in claim 7, further comprising:

a plurality of illumination devices operable for generating and disposed

for directing light towards the semiconductor device.

17. The system as in claim 16, the plurality of illumination device further being

disposed and operable for directing light at the semiconductor device at at

least one of a plurality of angles.

18. The system as in claim 16, the plurality of illumination device further being

disposed and operable for directing light at the semiconductor device at at
least one of a plurality of colours, at least one of a plurality of brightness and

at least one of a plurality of degree of illumination.

19. A method for inspecting a semiconductor device, the method comprising:

capturing a first image, the first image having a first view;
capturing a second image, the second image having a second view, the

first view comprising one of and the second view comprising the other of an
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26 23.The method as in claim 22, the at least one first lens having a first
optical magnification factor for enabling capturing of the first image of the
first view and the at least one secon%ens having a second optical
magnification factor for enabling capfuring of the second image of the

secofifagews whgseiiage 2EerRORMAItRICTORABIieatan eIl HPRRY first

than the first ogélcal magnification factor and the image portion of the first

surfat¥ P e ILL AlileGbiRREGTeaRVL - AR CE BB e agUs IR geyice. the first

magnriiigatoBxeérimiageurrtinmaf thr gy sustanenefdhe ﬁ@rﬁt%aﬁtmi@rsecond
device in the first jmage. 1024.The method as in claim 19, furt

compHEIRAGE exm%‘ﬂ'@@tﬁ’w@ﬂ@%%ﬁ%ﬁ@@@rﬁ&%@?&88?0?9880%8'% ‘iﬁﬁ}ﬁt least one

reflectafledqifaienidi ﬁb%ﬂd%ﬁaﬁ\m thenatHeastnenseaand surface of the
semiconductor device for receipt b%f[a reflector assembly, the reflector

assembly b@fﬁ@eéémgﬁtré%ro(ﬁﬁ e r SR MAGE R ARR RS GRS Tage for

first Sugfaesifat legsabirast thadirdseaaacnansface lsehisantietbhalomndsse of
first dtrL]réctlon the light directed along the first direction being subsequently

split oA RIS MY DS '€6r traveling along a first path and a second light
beam for traygéingnalencapteaagd patfirst imatiesainthee aisaimajivf the second

substantially intersects the fir tJm capture plane and the second path
ol RIS RREIIEERE (1 S Lk G UG TREEDY Enbe
methogkasf B‘irﬁlﬂ'tam&ﬂjswf‘@mlgetfuerﬂm imp@auoaMﬂtﬁerB\amsp@@éV@Stﬁeefirst
first lighgt beam and the second image capture plane receiyes the second
ot BUARAGTH 0B, FASh OBt S0 SRR R B P
image 25respectively. 26. The method as in claim 24, wherein the splitting
of light directed along he f| t direction, into the first light bea d the,.
2o TR LA (AR I B SPTheErodiots SRt M R At
claimiddgshstares Iamah@ss@nblmmarwplgrable from a second image plane,
the first image plane and the second image plane being defined by a first

image capture device and a second image capture device respectively.

21.  The method as in claim 19, further comprising:

receiving image signals corresponding to at least one of the first image
and the second image, the image signals corresponding to the first image and
the second image being generated by the first image capture device and the
second image capture device respectively; and

processing the received image signals to thereby inspect at least one of
the first surface and the at least one second surface of the semiconductor

device.

22, The method as in claim 19, further comprising:

modifying at least one of optical magnification of the first image and
optical magnification of the second image,

wherein the modification of the optical magnification of the at least
one of the first image and the second image is effected by at least one of at

least one first lens and at least one second lens respectively.
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at least one reflective surface positioned for receiving and directing light
reflected from the at least one second surface of the semiconductor
device substantially along a first axis, .27 wherein at least a portion of
light reflected off the first surface traggls substantially along the first axis.

2328. Theemeshid as ih AR 20, WReRieiRe aidanst 0ae nellanyve RrsfagRical

is 5defined by one of at least one mirror and at least one prism. 29. The
methBEHNfgtghasion iy bdtey saduRiphPEdhephishinage of therfis) wew
first rgdle ety arsuEaca R RestiRNRASORISSS B and shtrelingalia T dgile e ®etor

from a plurality of side surfaces of the semiconductor 10 device

subsTah AR g P RO e RN G Al SErFEG Yifykelherein the

exterg@m@lqﬁmi@g]e ﬂfa@lﬁihéaiiBhOffé'tﬂ&p'ﬁmeﬁi@m cemngtitulng fhet aloptical
least one second surface, each of the plurality of side Hﬁ)lan_es constitutin
4! 'Pé i

the aflRAUTIGAR G dBHAHIAME . W 3HTREE hRHey A ithealiFbsuliattet] the
eachsefricehtiadiyr addiisesidetilatesnia shgentally Reragndicalrmtie finsdge

plane. 31.The method as. in claim 29, the plurality of first reflective
E ol BB P S G IACR ST SRR U P A CrShictoen,
the first axis intersecting 20 the semiconductor device and being

substgntially perpendicular tge first surface. of the semiconductor device,
%@1&“&8&5@\/} efH Wg%réﬂa%r the passage of light

reflected frogivéberiy sighuttace: henehducgddiiedassdigawayledable off the
substantially alon h% first axis. 2532.The method as in claim 31 wheréein.
?/f a gléi % evice

the rdHECRUMASS AR FAHEREAMp ASRY] SUBRR YL AORSaRdEior
positianectéoptinieasecieom thesirabBiithethsfisewpngseeiisigtiversyctadytoed for
el A Fectresy MR TR ARE e A RS Bast one
second surface substantially along a first direction, the light directed along the
first direction being subsequently split into a first light beam for traveling
along a first path and a second light beam for traveling along a second path,
wherein the first path substantially intersects the first image capture
plane and the second path substantially intersects the second image capture

plane.

25. The method as in claim 24, wherein the first image capture plane receives the

first light beam and the second image capture plane receives the second light
beam to thereby facilitate capture of the first image and the second image

respectively.

26.  The method as in claim 24, wherein the splitting of light directed along the

first direction into the first light beam and the second light beam is effected by

a beam splitter.

27.  The method as in claim 24, the reflector assembly comprising:

at least one reflective surface positioned for receiving and directing
light reflected from the at least one second surface of the semiconductor

device substantially along a first axis,
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3033.The method as in claim 32, further comprising: directing light
along the first axis and towards the semiconductor device, the light
directed along the first axis being geperated by an illuminator, the second
reflective surface substantially interp%sing the illuminator and the

semiconduciiiepiarige 1dha aqrnten efieriitaqustacedreing iokt Reraeearitels
for 28 enablin passagee of a portion of directed along the first axis

towaryEsiREtEMiAoRE JRediSERL therethrough. 34.The method as in

claim 19, further comprising: 5controlling a plurality of illuminators for

directing light at the semiconductor devic wherein the plurality of .
F@H&ié@%@% 1S

least &l Byrduecdbuoeanidlns nliddp driteamedboshapir@laim 19, each of

the first image and the second image characterizable by one of a first set

of properties and a second set of properties, each of the first set of

29propettiemamddhg Fecland 38! vk peplerdiesssantyishigmisiagst one of at

least one iIIumiPatii)n color, at least ane illumination brightness and at

least one arfy® Y atEH. - %%%'Wn%lé‘i 85 HIREGBEANEP, receiving and
Sﬁ”}idﬂ’@dﬁﬁ@dﬁg{}ﬂ%d’@;@ lgn%ﬂnaqalmmmyi@ﬂgfde Fumpé@rmgr? ﬁef*aﬁiimmftor
the first Image characterize t least one Irst view an Irst set o
oropSRIACE SHSEPRING TGRS e thD Qi ARG Of Side Surfaces
charagteridird yoat leastoRl pheatitya sesidogidsyy andl cossiondGeicoht least

ties, the first vi i f and th d view
comHEEFAE GHREESY St KHbGE BT S HEE SR B amtiing gt leas

deviasnanecandpiage. of the first surface with at least one second surface
of the semiconductor device, the first surface extending substantially
along a first plane and the at least one second surface extending

30.  The method as in claim 29, wherein each of a plurality of first side planes is

substantially perpendicular the first plane.

31.  The method as in claim 29, the plurality of first reflective surfaces being inter-

positioned for defining a passageway therebetween, the first axis intersecting
the semiconductor device and being substantially perpendicular the first
surface of the semiconductor device, and the semiconductor device being
disposed for the passage of light reflected from the first surface thereof

through the passageway and substantially along the first axis.

32.  The method as in claim 31, wherein the reflector assembly further comprises a

second reflective surface positioned for intersecting the first axis, the second
reflective surface for receiving and redirecting light traveling along the first

axis towards the beam splitter.

33. The method as in claim 32, further comprising:

directing light along the first axis and towards the semiconductor
device, the light directed along the first axis being generated by an illuminator,
the second reflective surface substantially interposing the illuminator and the

semiconductor device, the second reflective surface being light permeable for
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25 substantially along at least one second plane, the at least one second
plane being angled away from the first plane, each of the first set of
properties and the second set of properties comprising at least one of at
least one illumination colors, at Ieaslggne illumination brightness and at

least HrgI0les Qg uminassrioandr 3dipserasaibagatieastonsif thadits! the
image and the second image for inspecting at least one of the first surface

and PRMAEIAUEIOR eVt HF &l faea ot the semiconductor device,
wherein the capturing of the first image and the capturing of the second
image is performed one of simultaneously and sequentially to thereby

34enabld ISR AsIMlRAM &S uET FRBRUEREAI inspection of the at least

one of the figghgdlfare anditielay lesstinomisressd orrfagecththdight at the
semiconductor device. 37. The method as in claim 36, further comprising:

5receRMGIMMCIRAERESE from a plurality of side surfaces of the
semicondugcfgfeeiceeby @ alvyadity infrrefiaety esssptegsis, oachiretting light at
plurall% of sjde surfaces extendi along%one of a Iur%%gci‘ side planes
and dBRSEIIFRRAHTEUIBYSE Ghat JERs Bt Bl BUM O B turality of

side planes constituting the at least one second planes, each of the

ST AR RSl R B 1 2L o

pluraliaetreitetivelsurdneesfisdéfiseddry singroperidorality af seoas setd of

at least one. prism. 15 ZR 215 . .
properties, each of the first set of properties and the second set of properties
comprising at least one of at least one illumination color, at least one

illumination brightness and at least one angle of illumination.

36. A method for inspecting a semiconductor device, the method comprising:

capturing a first image, the first image characterized by at least one of
a first view and a first set of properties; and

capturing a second image, the second image characterized by at least
one of a second view and a second set of properties, the first view comprising
one of and the second view comprising the other of an image of a first surface
of the semiconductor device and an image of the first surface with at least one
second surface of the semiconductor device, the first surface extending
substantially along a first plane and the at least one second surface extending
substantially along at least one second plane, the at least one second plane
being angled away from the first plane, each of the first set of properties and
the second set of properties comprising at least one of at least one illumination
colors, at least one illumination brightness and at least one angles of
illumination; and

processing at least one of the first image and the second image for
inspecting at least one of the first surface and the at least one second surface of
the semiconductor device,

wherein the capturing of the first image and the capturing of the second

image is performed one of simultaneously and sequentially to thereby enable
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one of simultaneously and sequential inspection of the at least one of the first
surface and the at least one second surface of the semiconductor device.

The method as in claim 36, further comprising:

receiving light reflected from a plurality of side surfaces of the
semiconductor device by a plurality of reflective surfaces, each of the plurality
of side surfaces extending along one of a plurality of side planes and
constituting the at least one second surface, each of the plurality of side planes
constituting the at least one second planes, each of the plurality of reflective
surfaces being substantially parallel one of the plurality of side planes.

The method as in claim 37, wherein the plurality of reflective surfaces is

defined by one of a plurality of mirrors and at least one prism.





