- 5 MAY 2006 A SHADOW CREATI NG APPARATUS Thi s application clains the
‘benefit of U S. Provisional Application No. 60/333,690 filed Novenber 27,
2001. 5 BACKGROUND OF THE I NVENTION Field of the Invention This invention
relates to the field of visual inspection and testing of m_cro-electronic
chips. More particularly, the invention pertains to an appdr #isZi6r 10
expediently locating the chip, seated in a cavity; to begin an accurate
visual analysis of its surfaces. Description of the Prior Art The recent
downsi zi ng of micro-electronic chips and the high demand for these chips,

necessitates the need for 15;f@astyacell, &%%ﬂ?@gm cal testing of

their physical and electrical properties.”Tn order 10 test the chips nore
efficiently, it isThécesBplicatdoni edaired itiienherefit Sithly $1 awed chips from

‘the producti onp4dni®isaal Nabp11Rkebneh&Cldd/Bak, E6614NGd Rocansdyctbed only on
visibly 20 acc%ﬁ& abl e chips. Exanples of such vi suall y ogservabl e flaws

are del am nati of the dielectric body, cracks in the chip's exterior and
flaws Bn the netal terninati BRCRERUUNDASF STERAISwEARGoSPi | | overs, and
unaccept abl e wavi ness. Vi sual 'nslpecti on appar atuses are used in the
industry to 25 test these physi%’eﬁ DPEpEPE i BYeFi8Re apparatuses general |y
i ncl ude camera devilteés fiovembiser vehgtédechihp, fisnf tamrespspDCcessi ng devi ces

for detecting GQr,di I . and bright |ight sources, for
i || uninating tEe 1e(rzcﬁ:l p.El é{(g@Ptr%%rqn r% “visua e?ﬁ(s:pre% 3‘|Co%lﬁ(]:‘18\sli cebgorﬁave not
been abl e to RREUALSr}Yanthefifiverbhen pesisaénsete e ebbprabecdose of hi gh

specullarity vatiesiihttibel6bdfindndhe chip, seated in a cavity, to
begin an accurate visual analysis of its surfaces.
Description of the Prior Art
The recent downsizing of micfo—electronic chips and
the high demand for these chips, necessitates the need for
15 fast, accurate and economical testing of their physical
and electrical properties. In order to test the chips
more efficiently, it is necessary to first eliminate
visibly flawed chips from the production line so that
later electrical testing is conducted only on visibly
20 acceptable chips. Examples of such visually observable
flaws are delamination of the dielectric body, cracks in
the chip’s exterior and flaws in the metal termination
such as smears, and spillovers, and unacceptable waviness.
Visual inspection apparatuses are used in the industry to
25 test these physical properties. These apparatuses
generally include camera devices for observing the chip,
software processing devices for detecting and recording
the flaws, and bright light sources, for illuminating the
chip. |
30 Prior art visual inspection devices have not been
able to accurately and efficiently observe the chip
because of high specularity values of the chip and

surrounding materials. Specularity of a material



surrounding materials. Specularity of a material 1 - 5 MAY 2006 descri bes

t he size and brightness of specular highlights it reflects. Smooth,-

- reflective objects have highlights that are small and bright. Rough,
reflective objects have highlights that are |arge and dlffu§§; %ﬁ% stil

bright. 5 Less reflective objects, rough or smooth, have Ui _

hi ghli ghts. Usually, conventional netallic materials, such as alum num

stainless steel, titaniumetc., that are used to nmake |oad wheels to house

the chip during the visual i nspection process, create significant specul ar

10 highlights wear and tear and accumnul ation of foreign
matte? ongt he szllges IP‘? aﬁlﬁet PBgt hetihEngsa c€omaavgerchioibeabsead to

reduce the apparewﬁlspEsulahmkyhofrefhﬁﬁﬂv%UBBﬁ&ﬁﬁsmﬁ&ethﬁﬁ@J@%ﬁBdleS are

d The repl ac tals 15
'&fpﬁogﬁggtﬁg bggg%%o%oétig%q%?%%#agﬁnatefwgﬁs f?fi 4%%Ffe8???é}ﬁa 84%ise the
i nherent weak et gHygheal thar ger Lirsge ofnd e ffhast itmtmatetl dbsighitl | cause

themts wear mids overebim®s cHiaclboh-slegr ee ohoanrCHlatl bymaround the
exposed 20 surf%ﬁﬁiﬁgﬁtthe and 1ts surroun ‘envi ronnent, nakes it

difficult to dal | al FORVIEOPRY %@ itheatehigdsrs | ocated in
t he chi p-hol di supicasi ayuninwr,dertafiolesd hﬁe&cnt t Y hiRmOgE 8 tihatt akt the

visual test Onu§éHa t%h}ngke JT%I% W&'eg?% nl?cfshouse l:lix%e }&%e%ll g%%é of the

surroundi ng 25 envi_ronnent hat ~of es it
virtually i mpodisitiile 1psPegictitaaryess stineglieshighic iching speormatrhe rest of

its en@ir Onﬁemlgkﬁi@ﬁﬁba&hey 416k mAL OearS REQTL L 0CESS HRGuaONItI,ogs where
resi dence tlne of .th ﬁ? %" he cavity is neasured in mcro-seconds. 30
pof 't ef'Er B

~Therefore, absewﬁeﬁgn Redts t hEesb tereatments and

coatings can be used to reduce the apparent specularity of
these surfaces but these remedies are temporary and
deteriorate over time. The replacement of these metals

15 with plastic-based or other similar materials is
ineffective because the inherent weaker physical
properties of the plastic materials will cause them to
wear out over time.

The high degree of specularity around the exposed

20 surface of the chip and its surrounding environment, makes
it difficult to electronically visualize eXactly where the
chip is located in the chip-holding cavity in order for
the software program to start the visual test on the chip.
The brightness and light reflection of the surrounding

25 environment blend with that of the chip and makes it
virtually impossible to accurately distinguish the chip
from the rest of its environment, especially under high
speed processing conditions where residence time of the
chip in the cavity is measured in micro-seconds.

30 Therefore, absent a point of reference, the software
program cannot start visual testing of the chip, or may

start the visual testing process at an erroneous point of

reference.



program cannot start visual testing of the chip, or may start the visual
testing process at an erroneous-point of reference. 2 - 5 NMAY 2006 SUMVARY
OF THE I'NVENTION This invention is an apparatus for creating a dark,
basically black, shadow that is strategically placed to abut at |east a
portion of an edge of a chip for providing 5 contrast betwpedif HBlkdge of
the chip abutting the shadow and the shadow. The portion of the edge of
the chip abutting the shadow fornms a line of contrast to provide an

i nspection device with a point of reference to start its visual

i nspection. This invention overcones the problens 10 set forth above with
regard to the prior art visual SUTRHeOF SHEETHBWSONThi s i nvention is

usef ul Ispeci ficall yrniwi &hvan'ﬂﬁiralt:‘jslzaﬁl, ?@%g}gm@egggdr@g&ringpﬁr@dﬂ@lt e]E)i pe?’
-micro-el ectronjc_chip.t as_.at, le WO Qppose spaced- apar ron
edges that ar eb%%lr rrelgyb;g?%ﬁg' rEESeY ?5%t 15° r?g:&g‘l ﬁ%l%afllépf’iﬂﬁ?‘?vﬁ | and two
opposed, spacedbupat lshdé avieditsonThisamhidye sfod ¢hie tfppepuseidiingr oughout
the cgnputer Logdusidry pkedayn il S RVERtiNE c?ﬁﬁ%@%&r%%hﬁd&?%&wcav' ty,

i [

preferably a plurality thereof, located in a . andl i ng
means, such as®BBothe (HEpEr i piir PosELan ¢ paREs? mef WiieeFbi® or recei ving
the chips. Theabeavirg eteacraddw tftenshapei NG Scagt sy @6eh¥ev AISiangl e
chip in an upri gl% Siti and .nonent aril y. hol di n tQELe? hip to allow an
i nspecti on appglfqa %s%‘toél F%gfbce:ectw%r%g % B%me_253/ft P‘f@fSﬁ?‘g?e rﬁgﬁgpo“ftst he chi p.
The cavity incvugesl dinspeeasen ondhdavityesiide wakkcams mhy heotelemscavity
rear wal | whi ghe i fordiqy BBdvRErPaNdigUlar. s Ocﬁehﬁr%}.“é%/t $idgayal I, for
assisting in holding the chip in the cavity. The cavity

inspection methods. This invention is useful specifically

with a metalized, right-rectangular, parallelepiped,

micro-electronic chip that has at least two opposed,

spaced-apart front edges that are formed by the respective

15 meeting of a front wall and two opposed, spaced-apart side
walls. This chip is of the type used throughout the
computer industry today.

This inventive apparatus includes a cavity,
preferably a plurality thereof, located in a rim of a
20 chip-handling means, such as about the periphery of a
bhip~handling wheel, for receiving the chips. The
cavities are of the shape and size to receive a single
chip in an upright position, and momentarily holding the
chip to allow an inspection apparatus to inspect and test
25 the outer surface of the chip. The cavity includes at
V least one cavity side wall and may have a cavity rear wall
which is formed perpendicular to the cavity side wall, for
assisting in holding the chip in the cavity. The cavity
side wall abuts a portion of at least one of the side
30  walls of the chip when the chip is properly seated.
In another embodiment of this invention, part of the
cavity side wall is formed into a recess including a first

wall that extends away from the cavity. The recess is




side wall abuts a portion of at |east one of the side 30 walls of the chip
when the chip is properly seated. In another enbodi nent of this invention,
part of the -cavity side wall is forned into a recess including a first
wal | that extends away fromthe cavity. The recess is 3 - ﬁ%@Y QOS

| ocat ed adj acent the side wall of the chip. The recess T &d e anmount
of specularity and light reflection around the front edge of the chip to
reduce interference wth detecting the edge of the chip by the inspection
5 device. An observable depression is formed within at |least the cavity

side wall and i | he d res 0 s deep enough to appear as a
very dark, bas%‘tgg‘{ Jsaltdam%e!ﬁ bacekgr ﬂb &a b’ﬁg‘ﬂé}f?obJT 8?F?/Ce€fif Irorgasur abl e

contrast in 1org¢1egﬁ?e§§lebetnmm Qﬂlepdeplfelslshmrananﬂjigﬁm reffiipctifdre chip is

located in theaia@md Yeren faerSé&deorafWeﬁé el l.gas d@cebri%tetk?é‘r o ljeaSt
strai ght an

one of the front, e rms a _border, prefera
vertical, of t‘ﬁ%t}bl‘%gcl?cgéﬁadBW §1995aek gt RRurfd LPa Ry Fkllﬁjslnspéfiﬁﬂsora di stinct
line of 15 condewste.bet ween the front edge of the chip and the dark-
shadowed depressio be CI cuI Qval

T BASI606 251000 DeHBYoy gedlyivin %ﬁef%%a‘:’?pe or my

be a horizontal slot that exten
depr essi on nmaythe cajeiter witgedwpil \?alldl bug :f:atcsttomsmucm‘m dehbeessiza of the 20

cavity hol dingi§ h&é‘ﬂ“e@lo@@ﬁ tbesseze of éhﬁ‘el%h'dark' @afﬁ?r Eembodi ment
of this |nventgan t he pressi on géeurt er ext en 5] e caV|ty si de

wal | and al on 't§ F§5+n‘5\‘/\/§|r‘l opyechieqly ﬁ‘eéﬁ%ﬁh&et ﬁ@’r"\éﬁﬁt tRat is
ecl i pdéd by theragimers retmeendge: afeptrbes thti mindThae 25hshadewet batp iis cr eat ed

for s, an obl ectbuslya MEAHLABLFre F AN L350 141 S BKDESS, PELAREN, Lhe shadow

portion of at least one of the front edges of it forms a
border, preferably straight and vertical, of the black
shadow or background, and thus, forms a distinct line of

15 contrast between the front edge of the chip and the dark-
shadowed depression. The depression may be circular,
oval-shaped, or may be a horizontal slot that extends away
from the cavity. The shape of the depression may be
determined by various factors such as the size of the

20 cavity holding the chip and the size of the chip.

In a different embodiment of this invention, the
depression may further extend along the cavity side wall
and along the cavity rear wall to create a shadow therein
that is eclipsed by the other front edge of the chip. The

25 shadow that is created forms an objectively measurable
contrast in grayness between the shadow and the chip. A
distinct line of contrast is formed where the other front
edge of the chip eclipses the dark shadow of the
depression in the cavity rear wall.

30 The depression is black under the lighting conditions
which is in contrast to the grayness of the chip and the
handling wheel. The recess located adjacent the chip also
reduces the specularity of the surrounding environment.

The line of contrast locates the chip. Therefore, because

4



distinct line of contrast is formed where the other front edge of the chip
ecl i pses the dark shadow of the depression in the cavity rear wall. 30 The
depression is black under the lighting conditions which is in contrast to
t he grayness of the chip and the handling wheel. The recess | ocated

adj acent the chip also reduces the specularity of the sury Giidiig
environnent. The line of contrast |ocates the chip. Therefore, because 4 -
5 MAY 2055 of the stark contrast between the shadow in the depression and
the chip, the inspection device can efficiently and expediently detect the

edge of the chj .S t estin f . the chip. .5 During the
i ngpecti on pr o%:gsﬁsk,Fé %tﬁgg%h{:??rsa\gﬁeﬁgwenen écr}]lggﬁgg??"f on' Ebg RARTHRBans for
e

a | ong enough P&t itdte chirpethedmsgepyiethalamspecti arf fdevecel yweade t he

inspection deykseiimylyneduse aneodpkedsCharged; day ce, A tware _

i nspection unit. aun‘_:‘c!L an 1L_I.I um nation source. 10 Accordi ngfy, the mai n object
of this inventionds &°-sha eSPHRy apparatus that assists a software

i nspecfi on devi ce thwrdeogutiat einspeotabe ghecebi pri® Stiarts kdms vinsual

testing processne @N8% 18RI £6ts Af invention are an parat us .t hat
sur passes ten‘por%?y 15 surface v%rcgg{&%% A;'s %?1’5 ?:o%ﬁrf%geg;ouslﬁa‘feﬁ?%sitﬂpl i stic

and econoni caPe t'FSFeAuPYECERS dngREcHEPMtdE i cet Waere dhebénspradiened t o

accommodat e chigpsief mall iSOBRES 2 SbEEBedNthargOAf AOMrAL I QNS ed Nl can easily
be used with t S Surrent Vi sua& i ns ﬁctj on ,appar atuses avail able in the
i ndustry 20 today.. and tRhat- K4S &°hi OFi 3 Efe yielding a better
end pABduct becausédasbrihegly sudl naspesdjeat oApparatiusentbdd istsyato swiftly

and accur at el YSlll%I—%rEQQinéj kﬂp‘ﬁ%r‘é‘cﬁgl {h§€1%5%9¥{§ Ya software

inspection device to accurately locate the chip to start
the visual testing process. Other objects of the
invention are an apparatus that surpasses temporary
15 surface treatments and coatings; that is simplistic and
economical to manufacture and maintain; that can be
produced to accommodate chips of all shapes, sizes and
configurations; that can easily be used with the current
visual inspection apparatuses available in the industry
20 today; and that has a high production rate yielding a
better end product because of the visual inspection
apparatus’ ability to swiftly and accurately locate the
chips within the cavity.
These and other objects of the invention will become
25 more apparent when reading the description of the
preferred embodiment along with the drawings that are
appended hereto. The protection sought by the inventor
may be gleaned from a fair reading of the claims that
conclude the specification.
30 BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 is a perspective view of the right-
rectangular, parallelepiped, micro-electronic chip to

which this invention is directed;



These and other objects of the invention will becone 25 nore apparent when
reading the description of the preferred enbodi nent along with the

drawi ngs that are appended hereto. The protection sought by the inventor
may be gleaned froma fair reading of the clains that conclude the
specification. 30 BRI EF DESCRI PTI ON OF THE DRAW NGS Fi g.gzpe Mﬁ\‘?’i S
perspective view of the right- rectangul ar, parall el epi ped

m cro-electronic chip to which this invention is directed; 5 5 MAY 2006
Figure 2 is a front view of the chip showing the first and second front
edges to be located by this, invention, Figure 3 is a perspective view of a
typical cavity 5 fbr i ERi d Fonypréay <hithehghdip i shpwihgethshowi ng a
cavity side walhrwhesrel rseapnabseiitablige s heslaw qeatidd, dgpsession is
formed accordi 0@, L ter- teaching of this invention; Figure 4 is a
perspective vi éw of ‘another cavity 10 showing the cavity side wall and a
first wall having FoFusd 3t hereigenspecthaeonar edt & ngyiepnessivony Figure 5

is a parspecti¥grMb@W ahist bl { v@&natiher ; ».cavl 1y -shaw .cavity side wall

and the first wall.  wherein._a %E%Lri %o%%é S rg%lxin? %%%dﬁlht%ﬁ% &e‘J’)‘d ends

further 15 infBVthe 9 Yaf! giheFeeni enOprpbdei serdaewreptite chip shown

in Figure 1 seapedssidriin themenvidcpraFh@W® tha tSadnfdPRE vihew of the

chip seated wi thin .ihe cavity shown in Figure 6 showing the first front

edge 20 formng a %order of the shadow created by a circular depression;
Figure 4 is a perspective view of another cavity

10 showing the cavity side wall and a first wall having
formed therein the shadow-creating depression;

Figure 5 is a perspective view of still another
cavity showing the cavity side wall and the first wall
wherein a horizontal slot is formed that extends further

15 into the wall;

Figure 6 is a perspective view of the chip shown in
Figure 1 seated within the cavity;

Figure 7a is a front view of the chip seated within
the cavity shown in Figure 6 showing the first front edge

20 forming a border of the shadow created by a circular
depression;

Figure 7b is a front view of the chip seated within
the cavity shown in»Figure 6 showing the first front edge
forming a border of the shadow created by an oval

25 depression;

Figure 7c is a front view of the chip seated within
the cavity shown in Figure 6 showing the first front edge
forming a border of the shadow created by a horizontal
slotted depression;

30 Figure 8 is a perspective view of the chip-handling
wheel with a broken out view of a portion of the wheel
showing the relationship of the depression, the cavity,

the cavity side wall, and the chip seated within the
cavity;



Figure 7b is a front view of the chip seated wwthin the cavity shown in
Figure 6 showing the first front edge formng a border of the shadow

" created by an oval 25 depression; Figure 7c is a front view of the chip
seated within the cavity shown in Figure 6 show ng the first front edge
form ng a border of the shadow created by a horizontal F %pression;
30 Figure 8 is a perspective view of the chip-handling ﬁhee a broken
out view of a portion of the wheel showing the relationship of the
depression, the cavity, the cavity side wall, and the chip seated within

the cavity; 6 MIRgfQune;Q ise r Y {he chi eated within
the cavity showi ng th{ second %rorratont g%w éfl pl)lﬁ ﬁ P @%?386 Cteated by

the depressi ontPBrfttd shgvine ?ftearsecmﬁl fenty ﬁégeaeﬂ:;psmagdth@ Fi gure 10

i s a perspecti gBadbweveefatadt ppi el d@@@ﬂmomﬁedm REONOF THE
PREFERRED EMBODI MENT. Tur ni aﬁfnow o0 the draw ngs wherein el enents or

limtations aré-i enft i—Tle(‘j: ¥ flifser s and like el ements 10 or
limtations are ideftdutieedOwisha |lpdmspranbes svitdur egghotypidahevivelve
figures, Figurgsasdsand 2 show a mcro- electronic chip 2 to which this
invention is directed, and which generally includes a rectangul ar-shaped,
solid, enclosed body 4DPESRBLFEINY Ot THE sBREEERREDNEMRRDIMEETand a 15 pair of

opposed, spaced- apafﬁnnﬁgdaowaté&rﬁa ARy IngNBlSei hr Ol op Meets with
each of side V\ﬁ| s, 6 and form respec(’%lve oppose spaced apart first

front edge 8 ahd™ELTHE FFSntd%‘h‘ijefl@ ehp mimbesg apd hlitke sLpmeadi®t i on, has

or limitations are identified w1th like numbers throughout
the twelve figures, Figures 1 and 2 show a micro-
electronic chip 2 to which this invention is directed, and
which generally includes a rectangular-shaped, solid,
enclosed body 4 comprising at least a front wall 5 and a

15 pair of opposed, spaced-apart, side walls 6 and 7, where
front wall 5 meets with each of side walls 6 and 7 to form
respective, opposed, spaced-apart first front edge 8 and
second front edge 9. Chip 2 used with this invention, has
a pair of metalized, spaced-apart, terminal ends 10 for

20 connecting to a circuit board. Chip 2 may also be
parallelepiped in angles larger or smaller than 90 degrees
and may be of different sizes. The right-rectangular,
parallelepiped chip, however, is the industry standard and
is the product to which this invention is primarily

25 directed.

As shown in Figures 3 and 8, the apparatus 12 of this
invention includes a cavity or pocket 13 formed in a chip-
handling means 14, such as a chip-handling wheel 16, for
receiving an inventory of chips 2, so that chips 2 can be

30 arranged to be inspected and tested. Chip-handling means
14 is similar to the one shown in U.S. Pat. No. 6,294,747
and includes a chip-handling wheel 16, particularly, a

chip-loading wheel, having an outer rim 18. Chip-handling



a pair of netalized, spaced-apart, terminal ends 10 for 20 connecting to a
circuit board. Chip 2 may also be parallelepiped in angles |arger or
smal l er than 90 degrees and may be of different sizes. The
right-rectangul ar, parallelepiped chip, however, is the industry standard
and is the product to which this invention is prlnarlly.%5mgy_ ed. As
shown in Figures 3 and 8, the apparatus 12 of this invention includes a
cavity or pocket 13 forned in a chip- handling neans 14, such as a

chi p-handl i ng wheel 16, for receiving an inventory gf gg!pshz dfo t hat
chips 2 can be 30 arranged 0, be |ns ecte t est ed. [ andl i ng neans
14 Ps simlar 10 ?Tﬁe %r%%ss BwWh G 8“ CPattY %‘g 8?"29’4?%275‘&%&‘ i ncl udes a
chi p-handl i ng pherdlity, tharettulfarngd dn chliqe kdadihforheeteihiarg ng an

outer rim 18 ehips nandking.d or SuRY208 edl .16 Das al Lepsly gae cavity

13, but preferap| plurality thereo formed In outer rim _
receiving chif é dﬁ’daé%r épﬁﬁ‘g}tth@%ﬁéb%naﬁd agicPectbltivedéi-ve a single chip

2 in af uprlght posaslshmwnnlﬂ&%h%Q@%lBy 13, 'ﬁ)AénéhQ?MchﬂlEyquﬁﬁaz f7a .
7b, and 7c, east . one._ca e wa or ne
to juxtap03|t¥%%%?ﬁ§’§bu%ggggl%§%taglg%r?%Qﬁﬂ%#ﬁ ¥% KEFF B of chip 2
when chip 2 isJpreperdirionat by dhvtcavi tyadi8.a pCavity dif3 sddy #airkt er be
bound by a CaVbEYcIﬁﬁﬁrz vakh 26:ip 10 l‘éhbgg‘ﬁa%ﬁiprs%%géébj!ry caggg?dléit a

er pendi cul ar e wth cavity ot her cavi side wal |l 28,
gpaged apart Fﬁgmﬁfl]r%f“aé’l ﬁlér?n%ﬁq bggboprd st e gav by dicdirngathidP2  bei ng

pl acedOwi t hi n eavth yisl hreCavabyy Jﬁ)rﬂi&&l at so ﬂa’p@nalclzlll%tﬂ Qﬁbﬁélfvflg&ﬁ (not her
shoun) Upon WL EDLR R IR TEPL . piSrpd? SHRW) LI siesed and sy ano
apart from first side wall 24 is formed for aiding chip 2
being placed within cavity 13. Cavity 13 may also have a
bottom surface (not shown) upon which chip 2 may rest. As
15 shown in Figures 4 and 5, another embodiment of the
invention shows cavity side wall 24, that abuts the
portion of side wall 6 of chip 2, be partially formed into
a first wall 30 that extends away from cavity 13. A
recess 32 is formed where first wall 30 extends away from
20 cavity 13. Recess 32 is located adjacent side wall 6 of
chip 2.

As shown in Figures 4, 5, and 7, a depression 34 is
formed in cavity side wall 24, wide enough and deep enough
to project a black shadow forward from the side of cavity

25 13 and creating an objectively measurable contrast in
grayness between depression 34 and chip 2. Chip 2 is
located in cavity 13 in a position where at least a
portion of first front edge 8 forms a border, preferably
straight and vertical, of the black shadow or background,

30 and thus, forms a distinct line of contrast between first
front edge 8 of chip 2 and the dark-shadowed depression
34. The height of depression 34 is preferably set above
the bottom wall and below the top wall of chip terminal
ends 10. It is preferred that the grayness of the shadow

8



portion of side wall 6 of chip 2, be partially formed into a first wall 30
" that extends away fromcavity 13. A recess 32 is fornmed where first wall
30 extends away from- 20 cavity 13. Recess 32 is |ocated adj.acent side wall
6 of chip 2. As shown in Figures 4, 5, and 7, a depression 34 is forned
in cavity side wall 24, w de enough and deep enough to proj¥t 28885bl ack
shadow forward fromthe side of cavity 25 13 and creating an objectively
measur abl e contrast in grayness between depression 34 and chip 2. Chip 2
is located in cavity 13 in a position where at |least a portion of first

front edge 8 f bar der r ef er_gbl straight and_vertical, of the

bl ack shadow orgEgE %rlonur?%?rﬁgsﬁoﬁd 3{%8@’??5?%’ HPdF_t§ifdeen #e2%f contrast
between first uhibpt @Udy 8toleatti piltaad ¢iwy datksshadewededepression 34.
‘The hei ght of depigssd AUr 34 srHiefgrably,setly ;abgv e mal | and
bel ow the top \%allg' of chip fer?ri nal endsO 134.;111% 9i §n p%%r éE?rg‘té%P 1‘2% t he
grayness of t h&PSHAHON 8 SRR D6 SErrAREd JurYdEprEasi Ghisdodiy fers by up

to fiftieen gragcalaiis dioridey hitd @3St obj&XtERR 19T aYrEdidn®, shsQem tdre
grayness of th o] | f _chi on_the El ectronic | ndustr

Associ ation's ?%Té%d%;rnoa grg]a;?’?sg% e?nogﬁlgsplé?%w‘?‘%t&ﬁ?eﬂ?% ogih?i:d%%d iorﬁ/o 255
obj ectivel y di PReeentadhaddsiof reqpoayzednih nfreatodoe enthsafypure, white to

the other end obprossgoblzackaansk it 8EOGR] AL NG Sohan gl NPyst ry.
D e it or AT oo Bt o aps éﬂﬁ%’i%@lcp hal ST TY

Depression 34 e ,
depth will depgﬁéegnlééﬂdo&?f%%%’r ¥idlchenodont Herkuse fantose prushof
cavi tyl0l3, andashehsigizeofanahiigpti2.ofDepressiig) 34df tikd harneny &g circul ar
(ol e T2): oo dLoLoBAes FbU ol ol B2 DAL 51O (Frawre
oval-shaped (Figure 7b), or may be a horizontal slot
(Figure 7c) that extends away from cavity 13 in first wall
30. In yet another embodiment of this invention, Figure 9
15 . shows depression 34 extending along cavity side wall 24
and along cavity rear wall 26 to create a shadow therein
that is eclipsed by second front edge 9 of chip 2. The
shadow that is created forms an objectively measurable
contrast in grayness between the shadow in rear wall 26
20 and chip 2.
As shown in Figure 10, apparatus 12 may include a
retaining means 40 for holding chip 2 momentarily in
cavity 13 to allow inspection. Retaining means 40
includes a vacuum source (not shown) and vacuum
25 transmission passage way 42 leading from the vacuum source
to a vacuum slot 44 opening into within cavity 13. The
vacuum assists holding chip 2 in cavity 13 during
inspection.
A locating means (not shown) is provided for finding
30 the chip seated within cavity 13. Locating means may
include a charged-coupled device camera (not shown), for
gathering and focusing the images of chip 2, and
transmitting them to a nearby inspection device, such as a

image processing unit (not shown), and a sufficient light
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30. In yet another enbodinment of this invention, Figure 9 15 shows
depression 34 extending along cavity side wall 24 and along cavity rear
wall 26 to create a shadow therein that is eclipsed by second front edge 9
of chip 2. The shadow that is created fornms an objectively neasurable
contrast in grayness between the shadow in rear wall 26 20 MAW MHEp 2. As
shown in Figure 10, apparatus 12 may include a retaining neans 40 for

hol ding chip 2 nonmentarily in cavity 13 to allow inspection. Retaining
means .40 includes a vacuum source (not shown) and vacuum 25 transm ssion
passage way 42 i ng, f.r h acyum sourc to vacuum sl ot 44 opening
into within ca\?ltf[&gg%mem?:hg%%%gu%% ?sigld%?% %Cfﬂedisn@%c?‘ﬁlé’ % iwﬁeﬁ%\ﬁd[gf 13
during inspec8i ealigsgspsarknghatares! faptesyiomnB4i.s Previidedofor finding
30 the chip seabgeridd HIrweaMi &M Locaj i S dnel a

char ged- coupl ed devi ce canera (n%rge’%ssﬁlg\an?% éf}g%.rgﬁggt%?oﬁgl%%dyg%cusi ng the
i mges of chi ppf,lnﬁn?jfe HSEERERFE th Hy WRe i EREH ivBafByL¢ndedtndncidavi ce,
such a$ a i nagespridess siheg iuspéct(inot dshovd)carand: 8 sed fdnel esteddght 9 - 5
MAY 2906 sourcg 69t shown) for finding edge 8 of chip 2 where edge 8

ecl i pses dar k- ﬁadowed_ depression 34. The line of contrast between
depressi on 34 and cHilp-l® phevidesntipa hpoibrernfdesettbeahod thor t he

i nspection devireeténdd b 6hpprdi 19Q Lhebailie: @ﬁQﬁ&éf,or%h‘Zl@%i ce can
initiate the te tw(g Progess. Wil e the invention has ‘been described wth
reference to as%é LUt RERBBHI et Pehabtdfte migsevasiqisi ed in the art
will bé abl e twodhkicatairdnsusoltheathisicire Béd 0igoddanthe Sestlid badeempdi ment

of the inventigﬂthout departing from the true spirit and scope thereof.
' It is intended that all combinations of eiements and steps
which perform substantially the same function in
substantially the same way to achieve substantially the

15 same result are within the scope of this invention.
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wi thout departing fromthe true spirit and scope thereof. It is intended
that all conbinations of elenents and steps which performsubstantially
the sane function in substantially the same way to achieve substantially
the 15 sanme result are within the scope of this invention., ﬁog%a@ﬁ@s 5
MAY 2006 1. Aﬂaﬂ%ratus for supporting a mcro-electronic chip" n a

chi p-hol di ng jcayj L.shing. a tion.of .the chif r optical

i nspection, t ﬁé%%péaﬁggifﬁgé@phﬁ@ggggwgo lﬂ(rgéo:t?ll m?/v%r}fl? Wét%'ﬂ“ %&B&%P{(@fg opposed,
spaced- apavity aiddstabksHisg a Weetiai 6f théle}ﬁfarf@mfptm@ll ihspeaﬂ&ﬁid ,&%éﬁ¢hzﬁ@€ét lau:01;I t he
side walls to.form osed, spaced-apart first and secon ron edges,
conpri si ﬁ?j"gt aaﬁﬂ]iltc‘?‘%]gﬁﬁﬁ %"%‘p‘bfcsﬂpf’o_%egr Teret-epaadntaliy Whegin the front wellchi p

hol di ng  e@étstwith &4ch o e 0w ARG if Ws@(},@' acte@-?lﬁgt‘?ﬁ‘;srt Xrtl{?e%oﬁ"d fgyl ty side
wal | formed to juxtapositionally abut "at ['east ohe o e side walls of

t he chi pedgasdcompresingavi ty side wall having formed therein a depression for

creating a shadow 1ihat has a neasur.able contrast.in _grayness with that of
the fir gt fr o%tmlgﬁ)éfélpﬂlp?%gﬁ%flﬁe pyng Bﬁﬁ?sga ﬁtéi?ltpap&l‘gng)&?"dté(rfobet ween t he
shadow ahdldityea éip pwhezeinThe apparatus of Claim 1 wherein the first front

edge of the chip forms a straight border wth the shadow. 3. The apparatus
of O aim 1 whélesaxity hes 4 ¢avity sfdecyall fonged tofjuxtapositinnglly ebutst astoaetoif cal

border w : shad 4. .nghe apparatus of Claim1 further including a
vacuum %ﬂﬁ‘%ﬁ% rreafrgé'/s\él}lé’ran-ghorrent arily holding the chip within the cavity,

sai d vacuum r éieaianity gidawatihaiing|forhheigther@in/Addpedthion E1CReAME adh¥@R/HUM

transm ssi assage | eadi ng fromthe vacuum source to the cavity for
appl yi ngﬁﬁ?gﬁﬁwﬁ&ﬂ%{m@ﬁéﬂ Srvpetsovitishiate! thelirsh franirgee Rétheiship i n t he

cavity. FornTHEctBRRRE BbMSr BlwEbPindsihadeifi fle LIS, 9r ayness of the shadow
differs by fromone up to fifteen gray units trromthe grayness of the

front of the éhilpeeppantus pfdlasnlivahereidFite finst frontgdgy ofibs chipabaus £. The
appar at u§tré)1fght%o%emvs;ithv¥ﬁgrs}%{drc])wt, he grayness of the shadow differs by at
3. The apparatus of Claim 1 wherein the first front edge of the chip forms a
vertical border with the shadow.
4. The apparatus of Claim 1 further including a vacuum retaining means for
momentarily holding the chip within the cavity, said vacuum retaining means including
a vacuum source and a vacuum transmission passage way leading from the vacuum
source to the cavity for applying a vacuum against the chip to assist in holding the chip
in the cavity.
5. The apparatus of Claim 1 wherein the grayness of the shadow differs by
from one up to fifteen gray units from the grayness of the front of the chip on an
industrial, 255 unit, grayness scale.
6. The apparatus of Claim 1 wherein the grayness of the shadow differs by at
least sixteen gray units from the grayness of the front of the chip on an industrial, 255
unit, grayness scale.
7. The apparatus of Claim 1 wherein the depression is circular.
8. The apparatus of Claim 1 wherein the depression is oval-shaped.
9. The apparatus of Claim 1 wherein the depression is a horizontal slot.
10. The apparatus of Claim 1 wherein the cavity is bound by a cavity rear wall.
11. The apparatus of Claim 10 wherein the depression extends along the cavity

side wall and along the cavity rear wall to create a second shadow therein that is
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| east sixteen gray units fromthe grayness of the front of the chip on an
industrial, 255 wunit, grayness scale. 7. The apparatus of Caim1 wherein
the depression is circular. 8. The apparatus of Caim1 whergiMayt R&Jb
depression _is oval -shaped. 9. The apparatus of Claim1l wherein the

depr essi ¢hlipssd Ry has segond fipntsidge of the chiphtheappad ahadovodre@bdimthd wherei n t he

cavity i vity r wall . 11.  The aratus of Claim10
wherein t egr%gsg%} ggs/tglggér:l‘%t Xt %rn‘ﬁ@fi%)lngﬁ]& 3HEas ?\?}?Vn%gﬁd%gmqss hﬁt&'eﬁﬁl ong the
cavity rahe sesahd sHadowradtie dhigsecond shadow therein that is 11 5 MAY 2006

eclipsed by the second front edge of the chip, the second shadow created in
the depressi ort4i A\t #WEAS Tpysyppartinga mictaelgetirpiachip adthinbeipokdingast in
grayness YRR . : : . chi 2 s for
supporti ﬁgﬁ g m Cf&"‘?@?”é@??@%ﬁg&gﬁf@% ? %P%@lccﬂbgqﬁgéﬁ%itngcﬁgﬁl%&and

est abl i sh¢astja fohtogalt arsha pdir bheppokddpsfaced-apdri sidd wialls péetdinthe fdnewahi p havi ng
at | east atfr%t c\%flha{}r& a l;i)ai r. of opposed, space%—apart side walls,

wher ei n (HESF VIR EacRAt the Hdewallsjodhma gpprsgds spared=apart tifgtand seegnd §PRY opposed,
spaced- apagds, Edmhpisiggd second front edges, conprising: a mcrochip support
structure having at Teast first a chip holding cavity for holding a chip,
wherei n: the @avctoghipasipport siviciyre Siavieg walehst flistrmediit loolfling tayitysfor i onal | y abut

a portio . . ne of the side walls of the chip, the cavity side
wal | bei ﬁﬁﬁ%ﬁfhéij’le‘gﬁ%rgﬁhed into a first wall that extends away fromthe

cavity and fotiscazity baes satigaideadalbilirae@fd jukBosiicllyWshd a giflod Hatf i 1 st
front edﬂe of the chi the cavity side wall and the first wall having

hi p; and Sl : ) :
formed t AESEPNS of thepidewallyef the phipcthe sevitiside whlh Bene phrielly Symed intasur abl e
contrast g8 DESTenih Iqr. f chip to form
a detect atr)l gwl:l)lca)%der eo %{g’? Bg%l t? %uca&\gﬁ’a gvggglﬁ%g]%géessé c%%ﬁ a%!fcgphﬁée %{%‘gar at us
of d ai mwidl andhefirst frhet ddige of therchipt, asdlge of the chip forns a straight

cdge of the cHiG By fitearillapdfe BRE Wal haY g {ormsAdero AP REOs Rdow, L.
The appalcpdatiig @khddot thhilitas fal héabfighlel Bt i a?néé@%'tﬂ%e[t oF ﬁjerﬂrgﬁrdﬁ% ans for
nmonentarily holding the chip within the cavity, wherein the retalning neans
i ncl udes egge of the chip to form a detectable border of between the shadow and the chip.
13. The apparatus of Claim 12 wherein the first front edge of the chip forms a
straight border with the shadow.
14. The apparatus of Claim 12 wherein the first edge of the chip forms a
vertical, straight border with the shadow.
15. The apparatus of Claim 12 further including a vacuum retaining means for
momentarily holding the chip within the cavity, wherein the retaining means includes a
vacuum source and a vacuum transmission passage way leading from the vacuum
source to the cavity for applying a vacuum against the chip to assist in holding the chip
in the cavity.
16. The apparatus of Claim 12 wherein the grayness of the shadow by from one
up to fifteen gray units from the grayness of the front of the chip on the industrial, 255
unit, grayness scale.
17. The apparatus of Claim 12 wherein the grayness of the shadow differs by at
least sixteen units from the grayness of the front of the chip on the industrial, 255 unit, |
grayness scale.

18. The apparatus of Claim 12 wherein the depression is circular.

19. The apparatus of Claim 12 wherein the depression is oval-shaped.
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vacuum source and a vacuum transm ssion passage way | eading fromthe vacuum
source to the cavity for applying a vacuum against the chip to assist in
holding the chip in the cavity. 16. The apparatus of C atrh MAYwiBfei n t he
grayness of t%g shadow by fromone up.tqg fifteen gray units fromthe
grayness of t fTPBHPpaé?tuﬁ %C@Ffpézwef%therﬁéﬁ@ﬁﬁl?fmsafmomﬂlﬁ ot. grayness

scale. 17. Thejannghafdisube Elagh T WheliS iR Avity'S v3LAY BES Saflky £he shadow
0 t%ef

differs by at 1east sixteen unitsS fromthe grayness ront of the
chip on tadl. i ndustrial, 255 unit, grayness scale. 18. The appar at us of

G aim 12 wherein.the depres [ ircular. 19.. The appar s of Claiml1l2
wherein the dgzr & PRpRISUS 6@(@“’3?@&@@”%5‘6 dereggign ?@6%‘{) #‘F}‘éavétéfpar at us
of O ai msik wihiein@ialbrighBe SRRIYES w41 ﬂo%r@até‘@ﬁécé@d‘&lﬁldo&ltHérem%ﬂat idhe appar at us
of Claim12 wherein the cavity is bound by a cavity rear wall. 22. The

appar at ugchpsedbaitha seoordhizersiedze pthd ebipetbsisenond ghashodiscradtedip thhe cavity si de
|1 d t nd shad th t hat
1S ool S Pin B TR MBntng L ERLR R B P e R R e Gow

cr eat ed itie debend shaowe afd die chip.t he cavity rear wall form ng a nmeasurable

contrast in grayness between the second shadow and the chifp. 23. A net hod
for deternininfg & Pshad f?ﬁfle&ﬁm@nm 8 lsatioreet 3 Bifire-clerirpnie 6hipdpr ortigal

i nspecti Qﬁkg’e&lcﬁl i3ty 6f a Iﬂbﬁdlp%@?h%lﬂgglﬁ RO 8hip- thldﬁ%hrg;ag)g%t}lg% ?y gl I ng

apparatus and the mcro-e tron avi ng val ues,
t he cavi tnsdcmae:lcmnw Q’}mha\ynghxgh spmldnmmiuésl;lﬁlenhwtphzejmgﬁ czonuycmdbhl p havi ng

a chip fr and Chl t .for ont edge,
conpri si NG @@?W%& go i blp ‘@’ﬁ?/h "‘é%ﬁ J%Wégghv (£°| de wal |
abut s th@vg;nﬁattfynﬁh%m ¥@del corhﬂ%m VI ty si de wal | haV| ng a depr ession for
creating a shadow that has a rreasurabl e contrast in grayness with that of

chip front Wa|rq:oewamgjth§ wpipopithrycaviie syehathatcbe clup sideasall dbatsibe pavtitysidshadow and
e oI 2L ST Ot BELBR P8 B 00 o e
a strai ghieasirabldeontvist th gragnedepitasidt o clapdropt Wyilded a reference for opti cal
' nspection. employing the grayness contrast between the shadow and the chip front wall to
determine the location of the front edge of the chip.
24. The method of claim 23 in which the front edge of the chip forms a straight
border with the depression and provides a reference for optical inspection.
25. The method of claim 23 further comprising applying vacuum to retain the
chip within the cavity.
26. The method of claim 23 in which the grayness contrast between the shadow
and the chip front wall differ by at least sixteen gray units on an industrial 255 unit
grayness scale.
27. The method of claim 23 in which the depression comprises a circular, oval,
or slot-like shape.
28. The method of claim 23 in which the cavity includes a cavity rear wall that
adjoins the cavity side wall and a cavity second side wall, and in which the cavity rear
wall includes another depression forming a second shadow having a grayness that is
measurably different from grayness of a chip second side wall, a chip rear wall, or the
chip front wall.
29. The method of claim 23 further comprising inspecting the chip for visible

flaws while the chip is retained in the cavity.
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25. The nethod of claim 23 further conprising applying vacuumto retain the
chip within the cavity. 26. The nethod of claim23 in which the grayness
contrast between the shadow and the chip front wall diffef M 2805 east
sixteen gray units on an industrial 255 unit grayness scale. 27. The

met hod of cl aPth 2Be ingthak iof blairh @3 dephebshodepronipnirsbsesspetuletifyaroundval ,  or

slot-1i kgngltég%? hezoﬁlg}t-lli S%gﬁgsd?lﬁgagl ale[crrb23 in which the cavity incl udes a

cavity rear wa %%ide wall and a cavity second

side wall, angii Tﬂhﬂ\ﬂieﬂlhdbhﬂaﬁﬁgl)‘iﬁ/whﬁﬁrthe %—'hahdlﬁﬂg%ﬁﬁ&aﬁ@%tﬂﬁﬁségepr ession
form ng a second shadow havi ng 33 g@ yness t is measurably different
F

from gr ayHEsss Brroandippe thesEy iy & nyipminugn, staigesseteel, figaniumanr offtes  chi p
front Waiﬂetal]%g afgﬁ nethod of claim23 further conprising inspecting the
chip for visi aws while the chip is retained in the cavity. 13 5 MAY

2008 30. TheSh'e‘ﬂ“hmabpafaum dictai@d] innwhibh slrficbesud@nneiag twcavizg ue@prise
specul arity .around e5})’ea of the Chl p_that undergoes optical inspection.
31. The Iy Gitatgl e%ﬁsﬁ‘? GpuRperatherHaetallic MAEA: i ng appar at us conpri ses

surf aces surrgynﬁh@%ﬁamummm m%&m&ameg MRmadh QRS steel,

titanium or other netallic materi al The apparatus of claim 1in
whi ch subtsidiag véheek oundi ng t he cavi ty corrprl se al um num stainless steel,

titanium or h netalli al 3 par a of claimlin
whi ch the cav?{1 i gfsle %\Qp@raft%sr%ggﬁ é’?ﬂl %ﬁﬁ e'?aﬁg g‘i"i haga 11 rglappar at us
of cl ai mh34abitiewhieTbrnidddn ¢ @mhandl i ng wheel has a rimand the cavities
are formed in_the rim 35. The apparatus of claim1 in which the cavities
are subst ant i & Jhe apngeatus ofplpimt e weliplthe casitiesare supsiantially dargdr tharai m 1 i n
whi ch thg, ratus is adapted for presenting one chip at-a-time for
determ nation of its |location within the cavity. 37. The apparatus of claim
1 in which't héG cle¢ sppasitabeofiddiim 1 & volaich el dpparhiak iedlapiedfer redentig wal |t hat
ext ends avvaé/ om.t he cavity and for a recess | ocated adjacent
hip at a-time for deterniination of its location within the cavity.
37. The apparatus of claim 1 in which the cavity side wall is partially formed
into a first wall that extends away from the cavity and forms a recess located adjacent
the side wall and the first front edge of the chip.
38. The method of claim 23 in which employing the grayness contrast between
the shadow and the chip front wall to determine the location of the front edge of the
chip further comprises:
providing sufficient light; and
employing a camera.
39. The method of claim 23 in which the cavity is formed in a chip-handling
wheel.
40. The method of claim 40 in which the chip-handling wheel has a rim and the
cavity is formed in the rim.
41. The method of claim 23 in which the cavity is substantially larger than the
chip.
42. The method of claim 23 in which one chip at-a-time is presented for
determination of its location within the cavity.
43. The method of claim 23 in which the chip handling apparatus comprises:
a microchip support structure having at least first and second chip holding

cavities for holding respective first and second chips, wherein:
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the side wall and the first front edge of the chip. 38. The nmethod of claim
23 in which enploying the grayness contrast between the shadow and the
chip front wall to determne the |ocation of the front edgef qfAyt Begg chip
further conprises: providing sufficient light; and enploying a canera.

The net hod of cadhaifithe2Brst anddecainl ¢itig-hokirig gavities haverechvity skleahllfoliasd| | ng
wheel . 40.. The thod of claim40 in which_ the chip-handling wheel has a
rimand '?%%lxpag 355?%%38?%%%{%4? (ffjﬁge Higrivalisof the eespgetiNg frgs @0d pegPRd 23 i n

whi ch thehggvity is substantially larger than the chip. 42. The nethod of
claim23 in which one chip at-a-tinme is presented for determnation of its
| ocati on wi t hithe respsciévagavity sidg wally baving dehtiohalty foirme Serein widepessidre chi p

handl i ng : ' : m crochi,n support structure _having at
‘east 11 POE At URaGRTPIRE ool leBGitle BERRRTin B hinei HELBERR Vet 1 st
and secotitt fixki foent cdbesfthe respdetive FirdVAXd 23QQAd cEips b RimtaRtdctabi baid second

chi p- hol %i&gﬁcg}? L{ecfs have a cavity side wall fornmed to juxtapositionally
abut at PEXEED GRshatow prd the aespggtivedirgiand second shisstande first and second
chips; the re i Vi i | j i |y formed therein
a depression ?fgg%%{e‘éﬁOI]?glrﬂh%%%v;it}?sﬁ%é"ghgEg@g#{l%&ip’l&oﬁﬁg%@é&%r abl e contrast

i n gr aynewsstantially tdeaticabfo tht deprkssiat infthocdvitgdigle vefll dflike seespeciipve first and
second Cgiﬁ? to ftorm a detectable border between the shadow and the
respecti ve Mo %nd second chips; and, the depression in the cavity side

Il of the fi i i i i : el j i | to th
wal |l o e f ugSTheMelrnlQrdiang 283y '\&Ih];/ch' the caé%\?%ﬁ%%ﬂﬁg I_;)Xﬁigﬁg Minfed! to €

depression in the cavity side wall of the on ing cavity. 44,

The met hido affirg vl thatzxiendaaivenfromehe sanityyand iforersweriebess Socaedtadaként f or med
into a fh%ssgde liﬁﬂgggf%g}%\%ggqg%ﬁ@{%mthe cavity and forns a recess

| ocat ed adj acen ‘first front edge of the chip. 15
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