Mul tiple Surface Viewer Field of the Invention 5 The
present invention relates to an optical device for
view ng nultiple surfaces of an object
si mul t aneousl y. Background 10 During the production
of sem conductor devices, forn instance conponents such
as Quad Flat No-Lead (QFN) units, it is necessary to
sanpl e the conponents and 'nyest]gate t hem f or .
qual ity control . Thishﬁgﬁgi$§—¥%v8¥9és i nspecting
those faces of the conponents with functiona
fq; t¥?n on.themto ensure they are present, are not
bréagﬁ——ﬁghﬁ%FLoverlap where not desired etc.
I nspecti on deV|ces exi st in the forn1of 15 V|emers
whi ch OVI de magni fi ges ? ;
sur f aced® P& I HaHOY ‘ﬁ@%&&‘ﬁ“ prica ﬁe rlce \yewbno ndlul ?le sun}"aces 0
i netdpRceifdNnetsly s, the obj ect being sanpl ed has a
plurality of surfaces that require investigation. QFN
units are usually made in large nunbers in a single
seBackgnaudct or substrate. QFN units are singulated from
the 20 substrate as parall el pi ped bl ocks of variabl e
unit size. The units have contacts on a front major
1osurfacanagmemnmaamhobknﬁhmmkamdm&kdéb@mmém@esmmcmmnmd1%
é{)u?e,a? odl?evI C 1 V|ue'%/(\t/\sgcﬂg|t ;’Il{?gesga{r]ﬁ Vlcfgl%/]v lgteth acomggnebt-g and
nomeﬂngm:mmoﬁhenmmNemmng Toie asuaininvarestimpegiappiose fa@s of the
COHH)%F?H?S W Itf] R@%gbl]a? rfOJﬂQﬁleIO%V\ﬁgm hg %ﬂ;ll?e h@W@eh Sgsen;rmljes not
aces are vi I'n ser
t i brekdnordo eetcdveﬂ@cel.lerﬁsotsiﬂsh,d eltct llnsaettnq@e@emw ngthe form of
5t he ) i [ i
> paf s NP bRl Mpdne R Ad M MRLEE FRRihw dipectan
2 Decenber 1997, 30 discusses an optical guide for
splittimng an 'pﬁ'&ﬂl@ts' f(‘)r anshAkd HPRT @its dink &6 {ebto&uﬂﬂ%m led has a
proj ecting " He image in a vertica st age
or Plermipvt ¢fosmnfacsa cfllmt owr@; alvegightens. | QFROAPYs 16 r”s'é:aﬂfét'lﬂdF rigy large
I nﬁlg le oM ﬁ]g@gglﬁ%th@nﬁlbmlteChdm Iumts a||e sllnglulatledlfr(im the

I mensions. *159159* 11111111
20| |sub|ante #s parallelpipgd hlpcks of variablg upit size. The unlts have contacts on a front

major surface, and on each of the four side surfaces.

Common inspection devices only capture one view at a time. To capture the

other views, either the device has to be moved to another viewing location, or the sample

25  has to be flipped, or the viewer has to be moved. Thus the different faces are viewed in
series, with viewing time for each face. As such, it is time consuming, thereby

potentially causing work inefficiency.

US Patent No. 5,694,250, issued to Charles H. Anderson on 2 December 1997,
30  discusses an optical guide for splitting an image in a horizontal direction and projecting

the split image in a vertically staged orientation. Such optical guide is only for capturing

images from a surface plane which is in two-dimensions.
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*@0002* 2 SUMMARY According to one aspect of the
present invention there is provided a nmultiple

surface view ng apparatus for providing i mages of a
plurality of surfaces of an gbject 5 having surfaces

in at least different first and second planes. The

conprises: a first neans that is shaped and

p NS for directing light at one or nore first

surfaces of the object, and for redirecting |ight
reflected § e ) f t

obj cot "o BEplAsRaR oP e Eint bl aP Yl AR o Rl  Rulovte
alsorfgpe avidvings eppasefus forTimevifling $nagax pba iphraditys el gusfacas ipd an object
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in one or nore |rst p anes apparatus al so
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in a fecon | ane, for receiving light reflected
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axi s reflected fromthe one or nore first

s mpﬁmte‘sal@f cqnhnels@blj seeond meanpeieing sappdhand; fesitippeddepr directing light

di f; §GLdoRE surfiBEof thd &ﬁ&:t AnessaPnde %@?&%C@fw d;gm‘r@ne%&h from

An image surface 1s 15 positioned in a th g

whih¢ esceniesusfaceat dhenpdiggstr vallipg in Hicpendtdinggiiop ﬁ%beaé%'iy\Péa“e' the

I @8t axising ApR rgfecl@@ rﬁ"f:a‘nlttﬁlaI &l ofl o RCHrkQ0Fack P¥RE S dchRavelling in
i mage surface. Each he one or nore thi

rd
- di the dirst ohrsctios. sJ@étfaﬁtﬁnélsFV“‘ﬁJé}aﬁ%anF ffesst ¢ Hee opiep qurface is
15

Pl R3RioRGn athid S8k WG thi&chiBEEnS Wf hAGRctindViDE @ecelved light in -
specifically, the second neans and the |na?e surface

ar @i geare BRfdiggioay opards the ipaeatiripeg | BAck 8f figioar AgmPHehird

fi 51&&:“@%|1sSsu\'$\§teInlﬁalﬁ}J'][§q§ﬁ&&ﬂﬂ ti@%hiSd }ﬂﬁnetah@ln&@&@tﬂ@ thEidAge surface.
The 20 |naqe surface is further. for eratin
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Seﬁ@ﬂgntgﬂpeﬁﬁulz@ﬂcng tekeefider zﬁcsz‘E‘ﬂIth itHeVREdnid QRis dt fier €corl means. The

prOVI ed a milti surface viewer for rov

Of nyes S‘Bfac%‘sﬁ‘l"ﬂ‘ie'a%of BPCBInEA PP AR e Eﬂ“ gﬁ‘fcéegttheh%w ng

Slur f acesccoidihgad a E@&&Iaspﬁcf cff&lﬁﬁﬁéseﬁtimiv&htl(ﬁlnﬂinelsés:mn'dded a multiple
an

The a t us com
; ePIF et HPESTB A T REERG FPE‘F??%‘? ‘fo"]sfsu%f A X?J“‘ Gpvine surfaces
fi Skt 194k Watast Ofst and eleperplanes. alhplappahtind yorﬁ;fnsé’ds af plurglity of”
pl anes and f | ectin '

| reflected fromthe :
o1 (o R pE et 1 ARBUOEH Qv TEH] Bctn o sy of
i N figst hiah&t andi foe &ife@ing Sighsi-Aatddatrdny el wmglig dof ifirg tsudaces of the
the first axis
object, to travel in a first direction substantially along a first axis, the first axis
intersecting the object, the one or more first surfaces extending in one or more first
planes. The apparatus also comprises a beam splitter for reflecting light travelling in a
second direction at the plurality of reflectors and at a second surface of the object in a
second plane, the first and second planes being different, and for transmitting light
reflected from the second surface of the object, travelling in a second direction
substantially parallel the first axis, and redirected light reflected from the plurality of first

surfaces of the object, travelling in the first direction. The apparatus further comprises an

image generating device for generating an image from light of the first and second



intersecting the object, the one or nore first
surfaces extending in one or nore first planes. The
apparatus al so conprises a beamsplitter for '
reflecting light travelling icn a second direction at
the plurality of reflectors and at a second surface of
t Igglfa%eé ec(l:ntsmlt{‘]:a%fyftp? E% 111 sp 1tt ?1 m}a%%ﬁbs?lt’n t?eker@tre] ngﬁﬁglﬂéj third
r @ﬁdne,oheelmhamrsq;mtetr Her dslectmgdhestmnﬁalaed loght trh@ne @b et third directions
DA Tk RS ESET S Bl LRE: Hbre BHOTHAI R o substanialy
r getpecdi@dhr freomrd flanephdimgersetting dife third gane. é’Lﬂrff e feadlf, thelggam
5 ObJBIetFel Pn(} th YtﬁEdH;lznrg akéﬂlmtepgonfﬁg{léé quls{tg&k 2912 COI-Englng the first axis
er conp es an | nm eratin
dewithcige $egpndopeament altei W@llanllttena’g?efhﬂ Blmﬂel ﬁughqr foyt geﬂ?fé“’f"l angpage
ces transmtted by the beam
s&ﬂif?gﬁggdﬁgxﬂﬁg%ég bei ng generated in a sane third
pl ane, the beamsplitter for directing the transmtted
[ight i r £
thira Brangre Qe R B e o Rk F pthod
10 bairogdisgibsgenfiaalirality plenpesatiienbbiecthiang fyfeess gl s kestand
intersecting the third plane. Mre specifically, the
beam 5 splitter and the third plane are
i nter-configured for substantially coinciding the
first axis wth the second axis at the beam splitter
the third plane further for generating an image from
the light directed thereat. According to a third
aspect of the present invention, there is provided a
met hod of 10 providing i mages of a plurality of
surfaces of an object having surfaces in at |east 3
different first and second pl anes. The net hod
conprises: directing light at one or nore first
surfaces, redirecting light, directing light at a
second surface, receiving light and generating an
i mge. The one or nore first surfaces are first of an
object in one or nore first planes. Redirecting |ight
redirects light reflected fromthe first surface of
the object, 5 to travel in a first direction. The
second surface is a second surface of the object in a
second plane, the first and second pl anes bei ng
different. Receiving light receives light reflected
fromthe second surface of the object travelling in a
second direction and light reflected fromthe one or
nore first surfaces of the object travelling in the
first direction.



10

15

20

25

30

Generating an i mage generates the image fromthe

received light of the first and second 10 surfaces,

the i mages being generated in a sane third plane. Mre

specifically, the reflected3dight travelling in the

first and second directions are substantially parallel

L QuRaG Gh ﬁls%ﬁhegecefy#a?ﬂa LherfShidsd &hplild mlrehﬁr@w@hl mge loPmore
TSt and secdnd directions are recei ved

sdbSequ@ms | rgditeptangelight. gligetihs ligheat hpacendpiusines. re}zslvrnﬁél”ht and

a%gﬁgrﬁtn Scm %agﬁh%n}; bﬁes& o0 RBRAGLS aWst%?axppﬁéﬁtr\e&]e or more

using t he third aspect. BRI E

DE"S@:ﬁellarnﬂq Adpertipg gl e?dlrﬁfé%\tlﬁl’rt exdlegied frgre thsry éwface of the object,

' ng"lmél Q@a\ﬁritldlrg(ﬁ‘l@ﬁ“ |T}{e Q&oﬁpﬁfrf‘f"a@enlg fs%&mi tsn@ace opltHeQ}Me@lgm a
detail ed description of a non-limtative exanple, wth

 efeang m@ee,ttbﬁ firseandgeconrplangs e di i g 8 eoeivinayltaht Fpeeives light

Fi rgﬁ'Jc?edlfldllxsth@ s&%ﬁ@ﬂﬁﬁa&@oﬂﬁ@@tﬁec‘@ BRlIRB R a Yéc@BM @fecBon and light
mul tiple surface viewer 5 according to on

enbirsiederom thEpppranage figt %'rﬁaff'éwf Hi &BieeiisH lﬂgheaﬂm direction.

pr@&l%xsﬁné)gn QQ{EE Hé‘n'eﬂg:s AR ihABOSorR theMelelve@light of 'tf@V’Pﬁsthmd dtond
obj ect using mul tiple viewer of Figure 1;

Fi °g1[‘fiﬂ@5 3thg gmagepé}eglgeg@ﬁqr@téd Vi 8WalE thr ct‘):lﬂqunll\ﬂorf épeuﬁcally the

| NRELR; llgﬁ{ncpavgl1%1151Qhe4ﬁrbt$m@se§@rhjmtloﬁs élgﬁ%@taﬂfal@ phdiNI to each
unit, as captured by the viewer of Figure 1

llqr MhEn E)Emtpdﬂl@qtravellmﬁérr @e {1 éanéiéﬁ%)nﬁi @f‘f’é)fl%[hﬁélée received and

NUBEAlendP RERI Bwhflis RNArdJka8. one of the acconpanying
drawm ngs, it is used to denote the sane elenent. 5 By
way of non-limting summary of the main enbodi nent, as

descri bed kRN, ofahe Ml twdddsectUndyaseeopeia@dRiing Ghe method of the
provides views of several surfaces of an object. Light

i sthirff @fPFect ed onto a beam splitter 50 which reflects
the light towards a plurality of reflectors 34 and

onto a secorlgi fiont surface 56 of an object 32 under
in eflectors 34 reflect the light onto
first, side surfaces 54 of the object 32. The inmage of
t he fr Omither features of the present invention will readily be apparent from the

following detailed description of a non-limitative example, with reference to the

accompanying drawings, in which:-

Figure 1 is a schematic cross sectional view of a multiple surface viewer -

according to one embodiment;

Figure 2 is a flow diagram showing a process of capturing an image of multiple

views of an object using the multiple viewer of Figure 1;
Figure 3 is a perspective view of a QFN unit for imaging; and

Figure 4 is a schematic image of a QFN unit, as captured by the viewer of Figure

DETAILED DESCRIPTION



10 surface 56 is reflected, straight back to the beam
splitter 50 fromthe front surface 56. The i mages of
the side surfaces 54 are also reflected, back to the
beam splitter 50, via the reflectors 34. The various
I mges pass through the beam4splitter 50 to a focusing
| ens 14, which focuses the conposite inmage onto an
i mage capture device 16. The nmultiple surface viewer
10 captures inmages of nultiple views of an object,
Wi t houtWﬂ£5e meemhhengfeteocer rotnatabappearg ninpré¢ then aijof k.

0SS sectl naI view of a

rru%tC 'B'I’aé“'é]érd taz\av(':"eqs’v'pg\wseeﬁ th{?mte eSS em "§ an enbodi nent
of the present i nvention. The nultrple surface vi ewer

udes .a ener at h f ' _
| ens 1 y e fnon 'lrmrtrng sumrPar}/ 8Fthe %g 1em%ocilim§ra aes)?gsr%rg?éldﬁgleog a
hemeltipie sar fz@@Dreearrﬁrmoﬂ@s V'Eheomeewlgetﬁaeﬁmf@n ohjeuis gt i12
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secon posi ng Bara ectivel

Al mamigahtmesumdmdm nefaceaﬁ crf alo:hbrect sXinglesinipactidne T leﬂrequs

a ¢ I

cerd UES gle (o 1 STOU PR 0 il or gg rom
10Theurface 4 is agilerted) rstt_:ar gg bqu\yregre booepsttar§0 drovi thenfrord surface 56.

po%l]é fn%%essoq thevé%itelg @ac%m aYé SW {HRAGH %%9{ t&ﬂyq%nr%ppn?erg@ via

recei 2 for investig second

apéetr c;ﬂeetoM% ] poszeeuam@e@@n@ tlrre@hshef t@rm seldel A g focusing

H Sis &R L |

M 5 PR s LGS e LR M 150

Th ewé;t@rlecmcfacea/pﬁe‘ret U0 eapRues napes pfanyligdei sk vigoflag gjeatqwighost

arngﬂg%qo eﬂg&qtbwegaggllel to each other, with 30 the

f ocusi ens 14 centred on the second aperture 24
(and on'the centre line 18). Four first and second

nmeans f pigkefi ;lr £&hbmdiclcloshiectn® VRS tal n‘iln e Qi faeidevadn do
.centring on the vremnﬁg posi tion 30 on the centre

| i riecord)e tornempedigent ghifie REEBHEYegtior ‘ﬁg“tttﬂ‘e PErELENER

| ' IRtiudRs ?vr@@fgkr%gt&rl@usn? 2t DioBus@ e | 8 adduntiMegel captinif device,
ght - an risms 3 The purpose of the reflectors

ﬂts‘%@“@ GﬁP@EP‘PF&EV*W@aﬂhe first, side surfaces 54
of the object 32, in first planes, and to redirect

light reflected fromthe side surfaces of ] ect
32 in alPsviey edicFbEPEAE lE8R B Ia“‘é%é%“dtaﬁ%‘lﬁif%% foh e

ri ghtonabplstlg Bﬁrhﬁdﬁrdé—’s‘%aﬂere%emm G’dthbtﬁghtnbeuc&ame Pbane
(extendi ng perpendicular to the P ane of gur [ )
Wi te¥IsEsde Hie viewer, a centre line 18 is shown extending through th centres of’the first
25  and second apertures 22, 24. The first aperture 22 gives access to a viewing position 30
within the view generator housing 12 for receiving an object 32 for investigation. The
second aperture 24 opposes a second means for receiving light, in this embodiment a
focusing lens 14, which is arranged a short distance outside the housing 12. The second

aperture 24 and the focusing lens 14 are arranged generally parallel to each other, with

30  the focusing lens 14 centred on the second aperture 24 (and on the centre line 18).

Four first and second means for reflecting light are positioned around and

centring on the viewing position 30 (and on the centre line 18). The first and second



central axis orthogonal to its two nearest neighbours.

Each prismis tilted relative to the plane containing

the central axes, by an anmount a. The prisns are

tilted such that for the faces 36 of the prisns

facing the object 32, the edges nearest the first

aperture 22 are closer to the centre line 18 than the

edgg%s fgc}l;rét et&]gfélro re rerﬁfécéorrdrs%lg 1%%@#% . tl12e2form ofr og%p gnllﬁ(feda
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t heemdlges of tt»cbgmmgo ttsh@ ofneayest ncagh’cbaseléactl or linhe tdtedieslative to the
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i N facksess 6atf Hemprishy ﬁacmg tha Objecmaﬁftber@ms nerrkg e fisiyppdyire 22 are

tilted t | fof

di § losel Io thg Qelr{g?,hlqe tﬁz{nﬁm g%%ggymgezgg@ tl% gﬁg fab%tpugéoézlf ﬁlg]@ Ql‘igle o
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ea?lLl_ 0 ‘Fe &h \lxmcﬁ |3 h%lvﬁqu{?ghtrﬁgqﬁcléa?l lt'cl?%éginal%]:nemxn 2%)% 1, the

ect | ‘'surfaces posi n

r i ghtmsaemgtnl@d tcpreﬂsqmglmh%hﬂe uatIOrﬂtﬁswm@r whlquht toxags & seegnd.

ea?nnva% E9¥ %gtﬁ#atéjﬁi @%e O(Bj‘étt ﬁyln%%lcona-plgnet WISH@AdE §) o(?éatex

opposi ng ces 36 of the opposing right-angled prisns

34 defariéong tsredidsyoinjeg [y ﬁrahtc,sunf%ﬁps ‘P(§hetSWé sprifagaeS 4ol theppbdiect 32.
15 f oq{‘"lﬂs i | Eeﬁ@ﬁgee}ﬁ]ag l?eleﬁ Elglﬁglhie%ﬁcthe br'fsn@léﬂe tﬁ%ed ihXde ARH diddcBon.

centre ocusl I ens (as well as on the

sedbfiden pasnumnay begiited Thh(élgh hfered! 3“?%10\@9@6“?%\ difgerent directions.

surfaces 37 of the prisns 34 extend generally paralle

to each other, 25 with variations up to a fro

common Eiheafﬁ@"g AHe st SBYF opeesingIrighty ‘\?é‘e? BrigcHt ab*’t SHE?a"f B

Op%%’llago parch S¥B: iR this fmboliBitht @RISLEEout b2d)NiTSe &Xlac[mb Surfales
th e formof a first series of LEDs 42, extend

2 n S 8ioh ARAOSARLT lght@flglf:ch@ ISAI§d4 prﬁ@lnl(ﬁt at jelt; apgfs '3 §¢fi 1totIBh§F190ngl1

| ofat byS AT €6 t\Jorﬂ)altrJ’df%pﬁ?Sﬁ‘ag%c@s 3G‘bftl%Q>pE)d§ﬁlgfr@thI@fed @usms 34
first set of additiona 44 s unte

houst grgeraly eresafiau!iHe N efasr BN oCtsHig ﬁf'ﬁsr‘éfa“fiﬁ‘ i o by
22, a)%P@Q@@lel@f@@Brt thBYocldigy 18ks 4gastelitaben We@écbnd)ipefthe I4) The
object 32, in this enbqdi nent 3%bout t he

ape@‘t“ﬂr‘@"%fﬁcr?ﬁé“r@%swﬁ thfe RESgS; f(tegdegensrfam %adgl Fo eﬁch othen

24 EDginfhriafidhs 68 L d £6in @Borhiien SI8R] 4@ ooyl danelativexd exvtd @ther fBr

second addjtiognal 6
opposing prisms 34.

A light source, in this example in the form of a first series of LEDs 42, extends
along one inner wall of the housing 12. A first additional light source, in this example in
30  the form of a first set of additional LEDs 44 is mounted outside the housing 12 around
the outside of the first aperture 22, spaced apart by the at least the width of the object 32,
in this embodiment about the width of the aperture 22. The LEDs of the first set of

additional LEDs 44 are centred on the centre |8 line, extended. A second additional



l'ight source, in this exanple in the formof a second
'set of additional LEDs 46 is nounted inside the
housi ng 12, inward of the right-angled prisms 34. The
LEDs of the second set of additional LEDs 46 are
spaced apart by a distance clgpse to that which

ext ends between the furthest distanced poi nts of each
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12, pentred on the centre line 18, and is level with
the first series of LEDs 42 and the diffuser 48. The
10bean1spAhﬁmeﬁ45@mhmsaﬂhmngbﬂeﬁmuanmangéséib&ﬁemuhtﬁet
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S ot o g 425nGPE aiifus e udd LHERhird Frean 16 REAM: o
coaid\g)hﬁrﬂd lBere W‘a hsedmdplntecw @nmoumrediin thh eniddlief df tisdoud® 12 n
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mn|O| type beam splitter.

The image surface is exemplified by the CCD camera 16, arranged on the other
side of the focusing lens 14 from the housing 12, and receives the image via the focusing

30  lens 14, in a third plane. The CCD camera 16 is also centred on the centre line 18,

extended.

The object 32 being inspected is inserted into and held in place in the viewing



30 lens 14. in a third plane. The CCD canera 16.is

al so centred on the centre line 18, extended. The

obj ect 32 being inspected is inserted into and held in
place in the viewing 7 position 30 by a nozzle 52,

whi ch nozzle 52 may be robotically controlled. The
object 32 is held to be centred on the centre line
18, between the right-ang prisns 34.
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fi & °FZ?1%$aiﬁ SCW%d A"t he first and second sets
of additional LEDs 44, 46 are switched on to provide

|IIun1n i on; i.s, .al ur. . .
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pagseapdrtaredd2g the fikse sedie $fUiddrs 448“d the fispang Sﬁ.¢®4<) setsTH@dditional
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fro irst series 2 (via the
d| fq‘nljstew S108)., Lightfromt theefirgieseinia@f LEPbﬁt pagfms fhaz}'éh ¥ diffper 48
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risms obj e 32 (step S
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houg Ny ?gncpls 0 &Ed Fo vatr&etowztlhsrtﬁé r|§Ht Qﬁ‘%lgﬁprgfns ta'm@nd the object 32
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passes across the centre line 18 before reaching the beam splitter 50. This light is
25  reflected through 90° by a region near the end of the beam splitter 50, the right hand end,
furthest from the first series of LEDs 42 and closest to the first side 26 of the housing 12
(and to the object 32 and to the right-angled prisms 34). The light emitted from LEDs of
the first series of LEDs 42 closest to the second side 28 of the housing 12 (and furthest
from the object 32 and from the right-angled prisms 34) does not travel as far as the
30  centre line 18 before reaching the beam splitter 50. This light is reflected through 90° by
a region near the end of the beam splitter 50, the left hand end, closest to the first series

of LEDs 42 and to the second side 28 of the housing 12 (and furthest from the object 32

and from the right-angled prisms 34).



25 reflected through 90 by a region near the end of
the beamsplitter 50, the right hand end, furthest
fromthe first series of LEDs 42 and closest to the
first side 26 of the housing 12 (and to the object 32
and to the right-angled prisng 34). The light emtted
fromLEDs of the first series of LEDs 42 closest to

t he second side 28 of the housing 12 (and furthest
fromthe object 32 and fromthe right-angled prisns
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l'ected It at the object
object 32 is reﬂected in a second direction (which is the same as the first direction) back

25  towards the beam splitter 50, although this is direct reflection (step S114). The reflected
light (image) from the object 32, whether from the side faces 54 of the object 32, via the
right-angled prisms 34, or directly from the inward facing surface 56 of the object 32

passes through the beam splitter 50 without deflection (step S116).

30 The image light which has passed through the beam splitter 50 enters on the
focusing lens 14, which focuses the image onto the CCD camera 16 (step S1 18). The
CCD camera 16 captures the image light and generates an image signal to allow the

magnified image to be displayed for viewing and allowing inspection (step S120), as



reflected through (90- 2a) by the reflecting surfaces
38 back towards the beamsplitter 50 (step S 1 12).
Li kewi se the |ight which reaches the inward facing
surface 56 of the object 32 is reflected in a second
direction (which is the same @as the first direction)
back 25 towards the beamsplitter 50, although this is
dlreFt r Lecélon (step S1 14). The reflected 1ight
(i PREGET "F BT the obj ect 32, whether fromthe side
faces 54 of the object 32, via the right angl ed
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appeﬁ{s in Figure 4. Flgure 3 is a perspective view of
tinit 30" for surface i maging by the nmultiple
10surface viewer 10. The QFN unit 30 has four side
surf ace | f :
surf acel-slgme 4 s@%xs%v?sugumﬂ% 1900 %p? bg%?es ﬁ'n? e cadgtgg% {igg
comfiGArtanpor i dhsreyBingiomee 1&(&@6 wpwssmqgm@stgwéudnfgh@emm'
Coni t ?I% %b?@ﬁhgm\ﬁmd&ax%{urfg& 5t6h)?th§| g@ct 33 Usrutr@fﬁ]%% li‘lfour
L 0Se opposi ng as si de contact
porstde anage bﬁwonsmé dtledpurtside facsa Heof garobiseid2. Huthpimage ehd
1500rttnca|?et4 m% e9tn’92 ]l_}?'r:’@FN V\‘?hé:i}?onq on'?aQF po%n@n?jz 8“‘19111@«936 facing
surfa lgure 4 a resulting 1 mge
ZOOm@Epp@pﬂdK%wS@hGNMWungmabFUmﬁﬁgO@éWFé@eﬁw@@ﬁ the object
CarBL,Ag thbrefold Yppkds Ftthd &J\QaI'.M%o%QQ 205 i RARASN e Bur side
i mage including a central image portion 202, of the
i nviRege rosisnhd0%s LFeathsT B sisfe impgs POBjoBTI04Fontaia iipsgstpidgend
by &0U& posibele skmage portions 204, of the four side
faces 55 of the object 32. In the imge of 15 Figure
24, the object 32 is a QFN. The front contact portions

152 on §theuddPMRbEhhARE H& imapdshinGe siabinfsd fiford 205kl @nverted
contact portions 154 onto two of the side faces 54 of

t herelgtyede the original view of the object 32. The edges of the four side faces 54 of the
object 32 that are shared with the inward facing surface 56 of the object 32, in Figure 4,
are furthest from the image of the inward facing surface 56. This is because of the way

25  the prisms 34 reflect the images of the side faces 54 in the above embodiment.
Depending on the application, inverters, such as convex lenses, may be used to invert the

images of the side faces 54 as necessary, for instance between the object 32 and the

prisms 34 or between the prisms 34 and the beam splitter 50.

30 The purpose of the right-angles prisms 34 is as reflectors, for guiding or
redirecting images of the side surfaces 54 of the object 32 to the image capturing device.
Other optical beam-guides, for example an ordinary mirror, which may serve the same or

a similar function may be used as a reflector instead.



32 and therefore appear in the central inmage portion
202 and in two of the four side inage portions 204.
The other two side i mage portions 204 contain inages

of the end contact portions 156. 20 It is understood
that the side images in the sode i mage portions 204
are inverted relative to the original view of the
obj ect 32. The edges of the four side faces 54 of the
object 32 that are shared with the inward facing
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gukdlqgtﬁp redirecting i mages of the side surfaces 54
of ' 1H&"OB'ect 32 to the image capturing device. O her

100pti cal beam gui des, for exanple an ordinary mrror.
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ectors are use However
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ar e es re For 1 nstance for |nspect| ng an
objaéfd:ltlow teﬁecrm\goutdhpféeet thitcheans ot e dack, pHessarfase ghthe pldect

thrge Jigh! P& LR R be bife shihe RRh SC4rraBdnnt \e&H'dl feadiRradap to allow
triangular, the three reflectors mght be angle ?t 60

r eltha bope to paspaw el BE ARysing. fRpinstncs & bigkg @R B‘?‘F’%‘”'@é@e ofther e

M gbficcRS bf ¥§dd SihRGHhOIE objkQr i nstance angled at 108
relative to each other. 10 Mdireover, the invention

20ray al so be used to inspect the outer surface (or
The image capturing device in the above embodiment is exemplified by a CCD

camera. Other devices that capture images may be used, whether CCD devices, CMOS
cameras or otherwise, whether they capture the images electronically or otherwise and
black and white or colour. The viewer 10 may even be a projector, such that the

25  composite image of the various faces of an object are projected onto a screen.

In the above embodiment of Figure 1, the main light source 42 is directed at the
front of the beam splitter 50 and the reflected image passes straight through the beam
splitter 50. In another alternative embodiment, the light is generated from behind the

30  beam splitter 50 and passes straight through it towards the reflectors and object. The
returned image i§ then reflected to the side by the beam splitter 50. In effect, this would
reverse the positions of the first series of LEDs 42 with the diffuser 18 with respect to the

focusing lens 14 and the image capturing device 16.



surfaces) of an object. An enbodi ment of such an
arrangerment mght use another two reflectors (or
possi bly another two sets) outward of the object
relative to the beam splitter 50. One of the
additional reflectors would neflect the beam towards
the centre 15 line (in the same way a reflector in the.
eggpdlnenf of Figure | does), and the second
additional reflector would reflect that beamonto the
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gener at ed from behin beans sp itter
50 namjcegmgggdgctsroam@hpwmﬁrfz@u*@huqche P ovrudsanppas brighter in the end
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of the invention to the full extent indicated by the broad general meaning of the

appended claims without departing form the scope of the invention.
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bei ng | ooked for. White light is difficult to bal ance;

it is good for distinguishing colours but not

particular features. The main and additional |ight

sources 42, 46 may al so be jfferent colours from

each other to achieve different effects. For instance

the main |light 10 source 42 may be blue and the second

addi tional |ight source 46cnayvbe green, which would
bring out the features on the forward surface of the

obj ect 32. Another exanple has the main Tight source

142 1 oehicfpASsupgld vidwink AfpdrathiSor ﬁl%%dﬁdéq}?@kesldfglﬂturﬁﬁy bE&irfaces of
44) and the secondlight source 46 bl ue. The features
ami qypiict dhvieg wyfagkeinsaicloagl difigrent dvtirad HGoNG glanes, the apparatus
I nstance sl oping edges on the inward facing surface
C@£§$§gﬁld appear brighter in the end 15 i nage, where

t he firrageasaptiug ishgpedeandcpositeonedife diensng ilight ttoomener more first
IL%ht p{ the second |ight source 46, as a CCD canera
LG PHPHPUEY i ght . Where there are two or nore

wayv ehien@t Reliredtingi 1ght refledied iromgRe e@pdrundra Gird svifaes bSthe object to
general ly col our sensitive. @breoye , .enbodi.nents are .
g 1 p A dgestenristatally plghg 2 T grisi B &7 PYRENeTEting the object,
theHe 3P A re ikt Jufadts @kRhdi@M A€ ok FREE filSHiARE Where it

can show up cracks or other defects in the 20 inmage,

whi cbecprd pieans Ysingcharsddrnd pogitignas) far firgghipg light at ajsgcqng surface of

e C person. it It is understood by those
R REREr

Int art that even though nunerous

var i atd timseceofing light pefletted fioth brisendreurfacefof theeobmceyavelling in a
NIRRT PR L A% b0 R PEARSLR S e on o mors
flbtharfadee @f tliccatjdconsvelitng iheharfide dirdbiogspe Girsabhhd/ sdcnnd planes being
mtters of structure, arrangenent of parts and/or

¥pY- Wt hin the principles of the invention to the
full agxhepd shrfede GakiEiendayint hehibr pRfAe, geneEmdhd mexans Mg difecting the
the appended clains Wt hout departing formthe sgope
rgge1teH d g hineie 45 Aiorg Shird ke RARs | toATHs ihﬁv@a%mwéﬁ% each of the one or
HbiEWhind dRERBhADMURe sERfanRAIRV)FhdRdichARERShRA pinBlaHd @htbrkatting the
of surfaces of an object "having surfaces in at |east
ihiagd argae. first and second planes, the apparatus 5
conpr, if@i‘é?lgihefsé{oﬁa [TRAS R iﬂﬁgéﬂﬁﬁ@?al@mep&%hgﬁ@@ﬁg substantially
for Jlrectlng |gﬁt at one or nore first
coinciding the first axis with the second axis at the second means, the image surface further

for generating an image from the light directed thereat.
2. Apparatus according to claim 1, wherein the first and second directions are the same.

3. Apparatus according to claim | or 2, wherein at least one of the first and second
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surfaces of the object, and for redirecting |ight
reflected fromthe one or nore first surfaces of the
object to travel in a first direction substantially
along a first axis, the firs?3axis i ntersecting the
object, 10 the one or nore first surfaces extending
in one or nore first planes; second neans bei ng shaped
and pegisttbraliRetidlighttdsiisk ificbioghikart a second. surface
of the object in a second plane, and for receiving
light reflected fromthe second surface of the object

gtr aVﬁH}dlﬂgs hd@oﬁimgst@‘ﬁgﬁgn@dfﬁﬁ@ﬁr‘e&'@m@@ﬁﬁ@%ﬂe@é h ¥ach of the first-and
paral l'el the first axis and light reflected fromthe (

seneed oeansgpediretgng ilglgbassmlrghaévees:nog surfige.obj ect

travelling in the first direction, the first and

second pl anes being different; and an i mage surface

5posi t\'ppmmds bcrcoaiimgwiorzdlyp)hanéthetphm‘esieg ohdnsm‘éfns:irf the first means for

d recﬁ gﬁ:the recet d i in jn por e third

UFY Ret B PO 4 Ih & F A aé”EY.‘fPftd %Cé“g %léi ¢Rof the one

or nore third directions being substantially
perpendlcular t he thlrd | ane and |ntersect|ng th

% magéPRUR AR O RO WMt h & he ket iRk A1vansali d Y réng ﬁﬁ'@}éompnses

oRdbif 1A6R réRihdh®msconfi gured for substantially
coinciding the first axis with the second axis at the
second neans, the imge surface further for

ﬁenek%h\prglgls Q&:o (ﬂﬁ%&) Jl 4jfe. t\xnl%rén} gllatong 'of &%‘@x@ﬂ&&ﬁggﬁgms are right-

aratu cor |ng to aiml ereln
ahgledtriaagld prissgond directi ons are the same. 3.

Appar atus according to claim1 or 2, wherein at |east
one of the first and second 13 neans for directing

8.i ghtappaups as@rdigg teatycine g diespreckdinfpirdmat wikeréic aer fikstngeans for

Lo any. one of the precedi clal wher Jn_eac

s oD Sopfhise 8Bt DO RRHTC T s SEPTHY 4 PURTEHSIgragnd 45° o
thé gRt didbictigeti ng surface. 5 5. Apparatus according to

any one of the preceding clains, wherein the first

nmeans for directing |ight conprises an outer face and

@n i ny V@Egufsa&me?WBf@&% 8. BwhAPRAAtHE AGRAE dbM&iih® surfaces are
claim wherein first means for directing |ight
m@n@dmgéxgangle of around 43.5° to 46.5° to the first direction.

10. Apparatus according to any one of the preceding claims, wherein the first means for
directing light comprise a plurality of third surfaces which are substantially parallel to each

other.

[1. Apparatus according to claim 10, wherein the third surfaces are angled at no more

than 3° to each other.

12. Apparatus according to claim 10 or 11, wherein the first direction is not contained

within the third surfaces.



10 one or nore reflecting prisnms. 7. Apparatus

according to claim®6, wherein the one or nore

reflecting prisns are right- angled triangle prisns.

15 8. Apparatus according to %ny one of the preceding
clainms, wherein the first means for directing |ight
conprise one or nore reflecting surfaces arranged at

13N apghRaes ac’@B@iHﬁdo%ﬁy bﬁ’e oft 18mE 1108 1 HiwHREdA 818-1igB: reflected by the
Appar at us accor to claim8, wherein the one or

OfDPIENQIE firs eyrifages %fugér eltjess passes thoghathe Arigeswrfagesan angl e

of around 43.5 to 46.5 to the first direction. 10.
Appar at us according to any one of the preceding

18] ai Aepartheraonlinge fryrae afsbamprefading daimecwherginl thgkitird plane is
f]cpnprlse a plurality of third surfaces which are
substantlally parallel to each other. 25 11.

Appar at us according to claim10, wherein the third

surfaces are angled at no to e ch ot he
192, A,BB%P‘H? 6%"05{3@%%?”&(90"?6’?0' E’rﬁ‘fegblgc??a“f i %‘Pé?%setcﬂ‘éd means
tbil dibrirfhl IIBEEdRRist § bBAh sIRRE.ai ned 30 wit hin the third

surfaces. 14 13. Apparatus according to any one of
claims 10 to 12, wherein the light reflected by the

jgne Q\E])RM@ aJcoFcﬁ I%Lé'izfuﬂcl%swﬁére&t?ﬁe B%thesghtté}%@%? compr lses the first

throu t he thlr surf aces. . Apparatus according t

nagays oneeccolvinghighpr ecedi ng clalns wherein the third

plane is 5 flat. 15. Apparatus according to any one

of the preceding clains, wherein the second neans for

1di r e@tppagtub iagjmtding)tmaslhiseléi veatn gelbebmeaplittekQs dBanged to pass light

tAgg?rat%F ﬁcc§r | % to claim 15, wherein the beam

b W hs (it N8 npri ses the first means for

receiving light. 17. Apparatus according to cl ai m 16,
wherein the bea splitter js arragg % pass 5 ght -

1t8r avéqpflrﬁblsiaﬁcql gftP rc@atlmd} QEtl rein the beam splittér is arranged to

reflect light travelling in a fourth direction.
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15 18. Apparatus according to claim16 or 17, wherein

the beamsplitter is arranged to reflect |ight

travelling in a fourth direction. 15 19. Apparatus
according to claim 18, wherein the beamsplitter is
arranged to reflect light travelling in the fourth

direction in another direction opposite to the first

direction. 5 20. Apparatus according to any one of the
receding clains, further conprising nmeans for

gener\aml Alys Recgthng 1o laimd 8awhereis tackeamaphiger it yraseed to reflect light

‘ tlt%ge”d:@;ﬁrtﬁé {E‘)iugtﬁt@n&gi@? i Fhegﬁl?é%'hﬁﬁ b&g)sité 19'?%,1 ﬁx?t (ﬂﬁg{]ﬁpl e

ect eamsplitter int
direction. 10 22. Apparatus according to claim18, 19
.@lr a?%pg%%tug%gc%rrgrﬁg ?%anyf (I)l}es Zorefv(\:%up ﬁl% r glél }e(r) ﬁ’cs%q lrlSeln0 means
for gehagomelight o each ot her. 23. Apparatus accordlng to
any one of clainms 20 to 22, wherein the neans for
generating 15 light is operable to produce |ight of
ni ff Wpﬁﬁlﬁtu%&c%lr(ﬁﬂgw"@alﬁi 20iviifeRieiHe RARS Fdr@BReriMrghight is operable
the il par at us. aratus according to any one
t@ﬁ”?ﬁ@£pﬁ%8@d?ﬁ35@ﬂ§FHﬁhe? W WEFC8npri sing means  for
receiving light, for receiving light fromthe first
nmeans for receiving light and directing 20 the |ight
ReceiMpparafus eprordieg fo ¢dlaim fedhor £ bror reweding fogeldimgdt whep dependent
ot h?aillﬂq‘%g\%hé'yli’l R st a%ﬁ i ﬁﬁ]pcﬁrre@'ttlon% 9600 / (#I{lgto e%clﬂ)tﬂérm
ff, whetr el n Por Tecel Vi I'Ses a
focusing | ens. 25 26 Apparatus accordlng to any one

e g B MR e RIS SRS o encrn

laghc Q;r@bena@let © @BYucON@hobf differepr @eaMingths Gh aiffeent WOETi@isnwithin the

the i mage surface conprise a canera. 30 16
apparatus.

24.  Apparatus according to any one of the preceding claims, further comprising means
for receiving light, for receiving light from the first means for receiving light and directing

the light received from the first means for receiving light to the image surface.

25. Apparatus according to claim 24, wherein the means for receiving light comprises a

focusing lens.

26. Apparatus according to any one of the preceding claims, wherein the image surface

~ comprises a CCD or CMOS imaging device.

27. Apparatus according to any one of the preceding claims, wherein the image surface

comprise a camera.




20

25

28. Apparatus according to any one of the preceding
clains, wherein the image surface is arranged to
generate the inage as a conposite image, including
i mages of the first and secopnd surfaces of the object
simul taneously-. 5 29. Apparatus according to any one
of the preceding clains, operable and arranged, if the
28b] egppdrgusadeardalgl i hepbiadt tipreedingtotigs vefeadiethaimage surface is
i mge of four side surfaces and a conqgg%ing fro?
uHEFL e BB RNOBRCL S BEOMPRHArEPESs ACROPHIREE §F iy first and
s&raﬁd Qfrrab b rRfestpdt QeufhRbiEy. Wherein the object is a

O sem conductor device or conponent 31. A nultlple
surface viewer for providing imges of a plurality of

ur f ahj i

22 f fgpgﬁatg{ 'il(%gltd tggxé)é 81(%*&%3%%@5&%2%1% gltragllegnﬁégnanged if the
objprps h phmbele@pgl elyet,itd )gelwﬁaw ef Ineage of Soufr elde seffdces tridregconnecting
f[ightfat $Iur§llty of first surfaces of an object
'féﬁuhag”ﬁﬁh Wity of first planes and for reflecting
light reflected fromthe plurality of first surfaces
of the object, éo travel in first dlrectlo
38115 ARRTFE G0 IBE ANY i9PS OF 295 BIECRARE PRIy greln the object is a
sbiffcBi®eet UhGcd HeoRPhRGE, the one or nore first
surfaces extending in one or nore first planes; a beam
splitter for reflecting light travelling in a second

3§i r eg| dlan]ﬂpl%tsu]:fQ& b b ﬁr¥v191fng 11§l§gels S¢h Qrﬁalwgf Qﬁfa@es of an object

second surface of the ob I'n a second plane,
ltﬁlvmgsméﬂqu wat st dpffeam@st zmi tsepragplaties ftag mmalattaﬁelmfvwng

L

18 bpluahityi af Ifiyst nﬁmm!; laed fbrhe:ﬂkctn@tligmrsﬂecmddfroredhc @btrady of first
ecte rom

light .
SS#fg(‘teﬁgt tr(l)lgj ft 1o, travel PR s% dPrecL{{oHesulstan(t)l?]lydalone%% Al [axxs ?hd: first axis

trave

iAlrskdrgehdetjet,akd Oig dﬂawm:ﬁrsf mfag@mereadimgngn @i or Im)gietlrst planes;
fromlight of the first and second sur e . .
tr angrheﬁwesahw fj@h@ﬂs@% light 1 Pyl lmesefwgfﬁgecas% Hghe plurality of

GBOLS 2 hRHat aseBordaNHadeNifTtkk 6Yj@0eh a seddnd Méndd ﬁﬁrﬂrStFHnti sé®@hd planes
for dlrectlngéthe transmtted light in one or

hefiier diffeiente andf dorstransweitiog; lightheflednd &mmthﬁéecowééwf%‘fﬁ of ke object,
eRensL i gctoha rd@legioﬁ. b9 ﬁllg 1P YRS EANtLR! LYd redirected light
I cu ird plan a t he

perpe ar the Intersecting t
lteﬁédtfdi 1}D(I>1a|tie pluvhlety @if first hefaoesarfitlepdbjdct, aravelhng intke fulsi gigection; and
C OI ngng{nﬁﬁé neit%lglralzmg Sft'w%)tifiroggevr\ge %Lm% nb ﬁltla thl r?gl Ii 1It gf tahte ﬁﬁ% émd second _
fhieaassphnbhited by tilkebdahi spitte, &feemfagn‘stﬂee@ deaerate80n a same third plane,
the beam splitter for directing the transmitted light in one or more third directions towards
the third plane, each of the one or more third directions being substantially perpendicular the
third plane and intersecting the third plane,

wherein the beam splitter and the third plane are inter-configured for substantially

coinciding the first axis with the second axis at the beam splitter, the third plane further for
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17 generating an image fromthe Iight directed
thereat. 32. A viewer according to..claim 31,

conpri sing apparatus according to any one of clains

to 30. 5 33. A nethod of proyiding i mages of a _
plurality of surfaces of an object having surfaces in
at least different first and second pl anes, the nethod
cEInE 9h NPagedidneteilight difegfet tidteatne or nore first
surfaces of an object in one or nore first planes;
redirecting light reflected fromthe one or nore first

38Uur f acesy@facdh@n@ R @fitn 31t Gothpra¥if apbitatud QcRrdingd ®tany one of claims

direction; directing light at a second surface of the
Igppect in a second plane, the first and second planes
being different; receiving light reflected fromthe

second surface of the object, travelling in the first

3di r eétiashodanprbiighig imegdsexd aedurhlitp wf shéicone arobpagt baving surfaces
i

I ecedi@ting lightat ofiec driigork ififss burdieek sfaaobidcsitbhaceseretfii@ planes;

i mages . bejng. generated in a sane third plane, wherein .
t he  FeiPeEediet Tgrid S%R)qu ARG T et Sr"Ple%ﬁS OLHY SBisCh ravel in
ahEeekins are substantially parallel to each other
when the reflected light travelling in the first and
secofdecting lightai aspeond Seiface pbBgiobisat 18 AdeIB PEGESHE fifpt and second

ddRVelind @yeffs the third plane. 34. A nethod according
to claim 33, wherein the one or nore first surfaces
conprécsieing light veflecied yroof theiseepnd surficaad she ehieqtetzayellingon the first
f ich ar L . I Pt Rer L
| LPg8M3he 8 nQLBRE: ré@ I

Gl 1 RE-SELLR0N: B A3 UEL RSP UBLIEL: cEing
secrnddireqivngarfd r st surfaces conprise four first
S SRR LA B PR S 48 LI oo, e
iAgesMein@Referfited 81 a sapidrthidCgisnar e ort hogonal to the
second surface. 30 .

wherelijn tﬁe reflected light travelling in the first and second directions are
substantially parallel to each other when the reflected light travelling in the first and second

directions are received and subsequently travel towards the third plane.

34. A method according to claim 33, wherein the one or more first surfaces comprise a

plurality of first surfaces, at least two of which are orthogonal or parallel to each other.

35. . A method according to claim 33 or 34, wherein the one or more first surfaces

comprise four first surfaces arranged in a rectangle.

36. A method according to any one of claims 33 to 35, wherein the one or more first

surfaces are orthogonal to the second surface.

37. A method according to any one of claims 33 to 36, wherein the first direction is
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37. A nethod according to any one of clains 33 to 36,
wherein the first direction is 18 parallel to the one
or nore first surfaces. 38. A nethod according to any
one of clains 33 to 37, wheregn the third plane is
parallel to one of the planes of the one or nore
first planes and second plane. 5 39. Apparatus
p@GLANneiRGnt 6r @by M§eudices! aims 1 to 30, operable in
accordance with the nethod of any one of clainms 33 to
38. 10 15 20

38. A method according to any one of claims 33 to 37, wherein the third plane is parallel

to one of the planes of the one or more first planes and second plane.

39. Apparatus according to any one of claims 1 to 30, operable in accordance with the

method of any one of claims 33 to 38,



