LI GATI NG APPARATUS FOR USE | N EXAM NI NG EXTERNAL APPEARANCES OF

DEVF.CES AND AN AUTOVATI C DEVI CE EXTERNAL APPEARANCE EXAM NI NG
APPARATUS USI NG THE LI GHTI NG APPARATUS 5 TECHNI CAL FI ELD
This invention relates to a |lighting apparatus for use i n exam ni ng
ext érnal appearances of el ectronic conponents (as wll be
collectively referred to as "devices" herein) 10 such as sem conduct or
devices, filters, vibrators, etc., and al so to an apparatus for
automatical |y exam ning external appear ances of devices using the

i ghting apparatus. In particular, the present invention relates to

such a lighting appar at us_and an apparat us for Q 1y
exanining 15 _eﬁ@ﬁﬁ%%aﬁmms}?% LN BARMT N r@wand usef ul
in exam ni ng._an _ex a of .a typi ca
((axarrpl e of sem co%@?&%ﬁﬁégb‘%%ﬁ@%@ Rg&%‘ggéﬁ& nmount ed LSI
Large Scale Inte t urther, such
types of Iighti ngg@@%‘gﬁg@FI épgﬁéﬁ%i& eﬁ'q%gd e%P%A%%qf‘%sorPSor {uman oper at or

exam nes ext ernal gggﬁfz devi ces by | ooking at them by his or
her eyes, dn%lsgﬁgggause |éﬁ£xan1n|ng t hem by ag apparatusyfor
automatigpl Iy exan1n|ng ext ernal appearances of devices, whi ch has

i mage or picture processing neans. In addition, 25 hereinafter, a

| |ght|ng_appaf§5%¥idﬂﬂ lrrRgpdescri bed by way of exanple in case that

it is mainly used as a Tight source of an apparatus for automatically
exam ni ng externalphis invention relates to a lighting apparatus for use

in examining external appearances of electronic components
(as will be collectively referred to as "devices" herein)

10 such as semiconductor devices, filters, vibrators, etc., and
also to an apparatus for automatically examining external
appearances of devices using the lighting apparatus. In
particular, the present invention relates to such a lighting
apparatus and an apparatus for automatically examining

15 external appearances of devices which are used and useful in
examining an external aﬁpearance of an IC which is a typical
example of semiconductor devices, for example, a surface
mounted LSI (Large Scale Integration or Integrated circuit).

Further, such types of lighting apparatus are used

20 when a person or human operator examines external
appearances of devices by looking at them by his or her eyes,
and also are used in examining them by an apparatus for
automatically examining external appearances of devices,
which has image or picture processing means. In addition,

26 hereinafter, a lighting apparatus will be described by way
of example in case that it is mainly used as a light source

of an apparatus for automatically examining external



-2- . appear ances of devices, and for the conveni ence of

explanation, an exanple will be described in which an ICis

illum nated by the lighting apparatus and the external appear ances

t her eof are exam ned by the apparatus for 5 aut omati cal |y exam ni ng

ext ernal appearances of devices However, it is needless to say that
such lighting apparatus can be usetr*Tn illumnating all devices

i ncl udi ng not only sem conduct or devi ces but al so devices such as
filters, vibrators, etc. and in exam ni ng external appearances of the
10 devices. (An apparatus for automatically exam ning external
appearances of devices will be also referred to as "an automatic

device-exteri%9?%5&%%PﬁﬁnQfa9ﬁ§+%ﬁ§k§aqﬁ'ﬁ°§nthe CONVRRIARGS Cfdevi ce- ext er nal
r i ng . tus” .herein. 5 .. BA D, ART
i p;ﬁﬁ?ﬁféﬁ%ﬁ%&ﬁﬁiﬁéﬁu#!?ma s b dppariBed i yish Ap 1848
I ncl ude, I t.esti . t f ' f '
brocess and tELLIRgRsRtc BinF Bk chidignd sBhpratys | d e ey "0i "' "
compl eted Paciuatdantis therebf Al SLaRibAILY NEnE! fiddiatushgpact of | S CS
e external ap )

t her eof and testing pearances tiltereo e testing of

the exterpal ARRGRNARGTTy SxBiftld Mg Rbta¥nA1PEHBOM Mcdl! BN devices9Per al Of

who | ooks at the external appeararice of a packaged 25 I'C by hi's or her
eyes, or by Undpifed) a4t Q8RhESdTNE AR5 say tha®XE€éh OFidhtANgNapPadREas at us,

and in any event it is
can be used in illuminating all devices including not only
semiconductor devices but also devices such as filters,
vibrators, etc. and in examining external appearances of the
10 devices. (An apparatus for automatically examining external
appearances of devices will be also referred to as "an
automatic device-exterior examining apparatus® or "an
automatic device-external appearance examining apparatus"
herein.)
15
BACKGROUND ART
It should here be pointed out that tests of ICs
including LSIs include, for example, testing at the wafer
stage in a manufacturing process and testing on completed
20 packaged ICs. The testings of completed packaged ICs
include testing the electric characteristics thereof and
testing the external appearances thereof. The testing of
the external appearances is performed by a person or human
operator who looks at the external appearance of a packaged
25 IC by his or her eyes, or by using an automatic device-
exterior examining apparatus, and in any event it is

necessary to illuminate such IC.



necessary to illumnate such IC

-3-". Heretofore, an illum nation used in exam ni ng external
appear ances of |1Cs was such that the whole of an I1C to be tested was
illumnated in a fixed brightness or |umnance in bot h cases of

vi sual | y exam ni ng the external appear ancg of 5 the IC and using an
automati c devi ce-exterior exam ning “2appar atus, and such fixed

illumnation for the 1C to be tested was effected by depositing a
| i ght source at a position above the I C or obliquely above the IC or
at one side of the ICand illumnating the IC fromthe |ight source

10 pl aced at th sition. _ _This is q§cause onvent i onal ackages
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above-nenti on i Xe i on coul e for the visua

| nspection  poth ldliscsB Y1 SE8Ply UARAATANGCENE Srt il iR indE VoF o
exterior exam nation. An autonafi ¢ devi ce-exterfror exani ning
apparat ugs 20the GRNYMA W¥iH§Sar Nad B iR Be038608x 68 dORaMliag 0 an
i mge processing device. Fig. 5 shows an exanple of procesSi ng of
i mage dat a i nagpa¥fdtus, GRGestcRCESRdId1deniagtion for AIRATE goubet 50
converts a picture image taken thereby into digital data of picture
el enents, nanmadgtediwas effootedtbnglepdsitialy, af bigekaqpiree 3822000 pi xel s
in total of 624 pixels in

position above the IC or obliquely above the IC or at one

side of the IC and illuminating the IC from the light source
10 placed at that position. This is because conventional
packages were relatively large and the number of
input/output lead pins of each package was relatively low so
that spaces between two adjacent lead pins {the pitch of the
lead pins) were relatively wide and because highly precise
15 tolerances were not required, and so the above-mentioned
fixed illumination could suffice for the visual inspection
for the external appearances and the automatic device-
exterior examination.
An automatic device-exterior examining apparatus
20 generally has an image processing section similar to an
image processing device. Fig. 5 shows an example of
processing of image data in a prior image processing device.
A camera unit 50 converts a picture image taken thereby into
digital data of picture elements, namely, pixels consisting
25 of, for example, 302,000 pixels in total of 624 pixels in
abscissaX484 pixels in ordinate and outputs them. The

pixel data are directly stored in an image or picture memory



absgci ssax484 pixels in ordinate and outputs them The pi xel data are
directly stored in an inage or picture nmenory

-4- 51, or stored in the imge nenory 51 through a filter 52 and
a LUT (Look-Up Table) 53. The LUT 53 is a transformtable for
sel’ecting a col or to be displayed op a television (TV) nonitor 18 or
the like, 5 and is a nenory into mhidﬁﬂbutput data corresponding to

i nput data have been previously witten with values of input data as
addresses thereof. The function of data conversion of the LUT 53 are
utilized to performbinarization or digitization of data or

preprocessi ng of a picture,of Jlight 10 and_shade or_conversiop, process
of a displ aygrdl'i Rfg&tored in the gll‘??@ef WWS%fh%r%l%ﬁc{}iﬁ%eﬁhg%h?n or
exanpl e, when e of an ICto be tested is blurred,

serves Tdnﬁ}éﬁkggﬁgérggg%%% sizing the edge of the ICin
cooperat {on wi th data it yt ;L1 ony 4, ShAdNG FREORY Sy dbeihy a WoRLPW

menory 55 is used w”a W ndoWw Or "W ndows on reen of the TV

monitor 18, APIPNIGTRIRAYon % e lRAGILA (1v) poRARLE Be ERSULIReOF 2

nmeasurenent as a grap S use I'ng area. A character

memory 5% is ghdrePy maibed into wHikpHepher adis Revrdipommingyteharact ers
and also I1s used to 20 edit prograns of to display the collected results

or the ingdift data have bedn Prtidust9niviotteoiith vadues afConpudl
section ich directly deals with or processes pixel data fromthe
canera unit Sfatarasdaddgeskéd tiergnfcel That fudetoion lof datgeconversion
of the LUT 53 are utilized to perform binarization or
digitization of data or preprocessing of a picture of light
10 and shade or conversion process of a displayed image.

The filter 52 has a function which, for example, when
the circumference of an IC to be tested is blurred, serves
to preprocess by emphasizing the edge of the IC in
cooperation with data output from a shading memory 58. A

15 window memory 55 is used to draw a window or windows on the
screen of the TV monitor 18. A graphic memory 56 is used to
display the results of a measurement as a graph or is used
as a working area. A character memory 57 is a memory which
is used for displaying mainly characters and also is used to

20 edit programs or to display the collected results or the
like.

A display control seétion 54 is a control section
which directly deals with or processes pixel data from the
camera unit 50, or deals with the pixel data from the image

25 memory 51, and displays a image or picture on the TV monitor
18. This display control section 54 displays an image using

data of the window memory 55, the graphic memory 56, and/or



25 _. nenory 51, and displays a image or picture on the TV nonitor 18.

Thi*s di splay control section 54 displays an i mage using data of the
wi ndow nmenory 55, the graphic nmenory 56, and/or t he
character nenory 57 dependi ng upon a comand. In case of using
an automatic devi ce-exterior exan12%ng apparatus consisting of such

| mage processing devi ce using a cdrtra, an exam nation for externa

5 appear ances of prior devices could be also effected in the fixed
illum nation stated above with only the brightness of i1lum nation
autﬁnaticaLly adj ust ed. However, ow ng to the recent requests of
mar ket s, the m niaturization of various appliances and hi gh densit

10  nounti ngth Gharaster @%‘b’aﬁeﬁ depepding, upeR A i cesg haze

al so been m ni aturli zed mntg an. i ncreasi.ng nunber .sur face- nount ed
k
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er arge .Scale_|In
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many as 8 pIns on ea I'n addition, the pltch of
leads is gextr a)i:a@x%éo £ gftﬂst byl @oﬁﬁ@b@ le‘if”@ft%‘&‘ied in thée
thlckness t he Is as t as 2mmto 10mm Because

surface- Wﬂuntf&é@&&qaﬁ&naﬁi& agr ¥R @bo$@°w1th oniﬁrﬂaié pRightRes&agkage)

are supposed to be soldered directly to the surface of a printed
circuit boar di1tdag relibanaheesstically eldjuBee@nd portions of the lead pins

must be flat and the
However, owing to the recent requests of markets, the
miniaturization of various appliances and high density

10 mounting of parts or components have advanced, and devices
have also been miniaturized with an increasing number of
surface-mounted packages. Specifically, taking the QFP
(Quad Flat Package) among VLSI (Very Large Scale Integrated
Circuit) by example, it is so small, ranging from 10mmX10mm

15 to 30mmX30mm in length and width, and such package is
provided on its four sides with lead pins, with as many as 8
to 76 lead pins on each side. 1In addition, the pitch of
leads is extremely narrow, ranging from 0.3mm to 0.8mm, and
the thickness thereof is as thin as 2mm to 10mm.

20 Because surface-mounted packages such as QFP or SOP
(Small Outline Package) are supposed to be soldered directly
to the surface of a printed circuit board, the bottom faces
of the end portions of the lead-pins must be flat and\the
width of the pitch of leads must be constant. In order to

25 perform an inspection of the external appearance which needs
such fine and minute and accurate observation, the above-

mentioned prior fixed illumination does not suffice, and



width of the pitch of Ieads must be constant. In order to 25 perform an

i nSpection of the external appearance which needs such fine and
mnute and accurate observation, the above- menti oned prior fixed

i I'lum nation does not suffice, and nore precisely and
nore strictly controllable illumnation has been required. This is
because it is difficult to deternfﬁ% whet her the bottom faces of the
end portions of the lead pins is flat or not or to determ ne whether
the 5 wdth of the pitch of |eads is constant or not by the prior

fixed illum nation, even if the difference in |ight reflection

bet | ead houl d_ be

:? :’f obj @&r%ipsrfe%issms@sf RFRALFIREE pviakdaple liugypdaen O 10
i ing a

?egicEsgthgﬁl l%%ﬁQnggggﬁéﬁeeﬁﬁgé“#ggbgggégéﬁi ﬁsngﬁgﬁgggﬁEﬁ%gengLIy and
o nake it easi t.0

di rection. 16;ete>./rm1ne XH%F%%}I; %L@Hj e%e%ttt%oﬁl gﬁéeéé%(ra%fse i nve ?glrli&llg t% provi de

a conpact autggy E&ﬁ ﬁthelgx#Fgﬂuﬂr %BEeaFlone é%éﬁﬂiﬂeﬂ%hether gR@ar at us

with high res aving the above-nen | i ghting apparatus

uhi ch | s danigil @eanhaBitsn!de 10638 8 constakdibtiot! Byl caBpgaiences of

devi ces w th accuracy The lighting apparatus fOr use in

exam ni ng ext@id i1lumindPPeR) aees igf tHevdteferay dimngiyhtt he present
I nvention conpri ses an i1l umination frane havi ng an openi ng formnmed at

reflection between lead pins should be found.

DISCLOSURE OF THE INVENTION

10 It is an object of the present invention to provide a
compact lighting apparatus for use in examining external
appearances of devices which is adapted to be able to -
illuminate a device evenly and to make it easily to
illuminate a device from any specified direction.

15 Another object of the present invention is to provide
a compact automatic device-external appearance examining
apparatus with high resolution having the above-mentioned
lighting apparatus which is adapted to automatically examine
the external appearances of devices with accuracy.

20 The lighting apparatus for use in examining external
appearances of devices according to the present invention
comprises an illumination frame having an opening formed at
substantially the central portion of the frame for putting a
camera or an operator's eyes thereon, a multiplicity of

25  brightness-controllable light emitting elements arranged
around the opening of the illumination frame, and an

illumination control means for selectively controlling the



subgtantially the central portion of the frame for putting a camera
or an operator's eyes thereon, a multiplicity of 25

bri ght ness-controllable Iight emtting el enents arranged around the
opening of the illumnation franme, and an i Ilum nation control neans
for selectively controlling the

-7- bri ght ness of each of the ITZﬁn emtting elenents. In case

of illumnating a device to be tested, i.e. device under t est
(commonly called DUT), if there is an or sone unevenness in the whole

iI'lum nation for the DUT, then the 5 brightness of each of the |ight
1) bt e o R DuEs"St enn IR SAab®, RutCLRS obihadcr R G,

di rection f fl ns from
portions of 1% FPRIR 080 86 ?c&?? %?3%2‘3#-9- ofye) et

i |l um nati onstégtof?o%?ﬂ}%hlg' &S%ié&"’tfu 2Nd ¢ RREPESEs CiP g&gmg

bri ght ness of each trng e dneénts I's control t hat ,

for exanple, 4hdddds el Ehé”ﬁh&i&rﬁ ?hﬁi@ﬁ‘ %té}% PUT, tﬁgﬁeﬁh&mt ion

of the illum nation frame are extinguishe nly the 11 ght
emtting sl e@ﬂid@xﬁiie%%eéfoéaéﬂ%f QUIRY Jﬁ@hftl efit&dng é’]feniéiﬂ:s' chenbaat i on
frame are turned on. A converse | um nati on nay be generally true.
By such ill uradpisted to ellmﬂﬁawrgumﬂslmﬁreanaw &P 1l eimaiied. c s,
i1l um nated nore I ntensively than the renmaining portions or vice
ver sa tttermb\aner casds nbhat dirstilluminasioasfral d idjrecaddnshade. 20
Herein, "brightness adjustnent” or "brightness control™ nmeans t hat

t he bri ght nessonsfwhadc downyardly of OUfist cap make the reflections from
portions of the DUTs to be examined (observed) better than

10 illuminations from other directions, and in these cases the
brightness of each of the lighting elements is controlled so
that, for example, the light emitting elements placed on the
upper portion of the illumination frame are extinguished and
oﬁly the light emitting elements placed on the lower portion

15 of the illumination frame are turned on. A converse
illumination may be generally true. By such illumination
the portions of a DUT to be examined can be illuminated more
intensively than the remaining portions or vice versa
thereby providing a distinct contrast of light and shade.

20 Herein, "brightness adjustment®” or "brightness control”
means that the brightness of each lighting element is
increased or decreased and also each lighting element is
turned on or off. The brightness control may be effected by
manual or automatically.

25 The illumination frame is preferably in a shape of
quadrilateral analogous to a DUT, for example, which is long

in wertical or is long in horizontal if the DUT is long in



I ncy eased or decreased and al so each lighting elenment is turned on or

of f.- The brightness control may be effected by manual or
autonatically 25 The illumnation frame is preferably in a shape
of . quadrilateral anal ogous to a DUT, for exanple, which is |ong

in vertical or is long in horizontal if the DUT is long in

vertical or if the DUT is long in horizontal. This is because the
whol e surface of the DUT is sufficiently exposed to the illumnation.
The opening at the central portion nmay have a size such that a lens
of a camera can be inserted 5 into or the line of sight or eyes can be

upon- " et ioat, ooy nd oot 457 18, 18, hoRloncal BRIKTES, C°halhea
[l Uor escent  Hanse, sHETWhFS SUEAc® o che bk A qif il S80sed, | g
elements ar e & 00 tint a8idn J1 A8, BpERIAT ¥ the contrhi URBPELLD hdy T

It is preferred that the light emttin el enents are rayed

regul arly in Kae andicel 5ieh beKlISE 1EA8 of a cafbf din beOlinkblpag nati on
can be obtained and it is easy to 15 control the brightness thereof by

such regd ar iarcagerhat line of afighte ol ges efan hd) tuinRdERbFard Ntkase t hat
DUTS have a particular nature or character in reflection of light, it

i s desiDust t The haigpe dfheheufirame i ddternigied depbhdhgy aipgrent s
in the upper and the |ower portions or the left and the 20 right
portions. |tthad wfetberBUTt hat the brightness of each
The light emitting elements may be a miniature light
emitter such as an LED (Light Emitting Diode), a fluorescent
10 tube, a candescent lamp or the like. The light emitting
elements are arranged within a given area of the
illumination frame. It is preferred that the light emitting
elements are arrayed reqularly in row and column because the
uniformity of illumination can be obtained and it is easy to
15 control the brightness thereof by such regqular arrangement
of the light emitting elements. In case that DUTs have a
particular nature or character in reflection of light, it is
desired to change the numbers of the light emitting elements
in the upper and the lower portions or the left and the
20 right portions. It is preferred that the brightness of each
light emitting element can be controlled by control of
voltage or current.
The illumination control means for controlling the
brightness of each of the light emitting elements performs a
25 control of the brightness of each light emitting element

including turn-on or turn-off of each light emitting element.

At first, all light emitting elements are turned on with the



light emtting element can be controlled by control of vol t age or

curtent. The illum nation control nmeans for controlling the

bri ght ness of each of the light emtting elenents performs a 25 cont rol
of the brightness of each light emtting el enent i ncl uding turn-on or
turn-of f of each light emtting el ement. At first, all light emtting
el enents are turned on with the -9-

-9- sanme brightness, and if there is an unevenness of the

| um nance on the surface to be observed of a DUT, then the bri ght ness
of the light emtting elenments is controlled for row unit, colum
unit and/or block unit so as to_e]jimnate t he unevenn f t he

i || uni nat i on.SamgRXighkBegsochnd st theret&ﬁpﬂgeﬂn%ﬁeQPﬁﬂqJ 3f%P$ |'i ght

cmitting | TOR{ARER o tPRCSEHPYH AP OPHPEVER y%ﬁtaé%@%aﬁ%ﬁ?ﬁ%ah' e
effected man aIJ Qr ' '

bri ght ness cI tneﬁ%u%%ngé{ecﬁi'#%t ﬁ@%ﬁ#ﬁgi%i@%ﬁt@ﬁs Jc%éltggg'?rggﬁ%ed by a
given contro c h

opt 1 mum val ue b ag ik nfC Ui flor 1o QHLENSE (Fik Bidnnage At the

mounted o a '&ﬂéﬁénﬁ ss ofoﬂ&égﬂﬂHﬁuh&thbﬁ | | 4dpd N¥neOB1bERMBg OF  at
anot her separate ocat i on. The Ilghtlng apparatus thus

construct ed C@(Sht;%dééd‘”diﬁheplurallﬁygﬂl ihtoemdi vt tngl slletraan prigect an
I nt ense |Ilun1na I on on a specified position or portion of the DUT so
that, for righaiasse coteol i hayrbd @dnas fomngach light mmitting a very
element at the end thereof. This brightness control can be
effected manually or automatically, and in case of an
10 automatic brightness control, preferably the brightness may
be controlled by a given control sequence and the control
sequence may be stopped at the optimum value obtained. This
illumination control means may be mounted on a position
contiguous to the illumination frame or at another separate
15 location.
The lighting apparatus thus constructed can illuminate
a DUT uniformly and also can project an intense illumination
on a specified position or portion of the DUT so that, for
example, even if an IC has many of lead pins and a very
20 narrow width of the pitch of leads, it can illuminate the IC
s0 as to be able to accurately measure the degree of the
flatness of the end portions of lead pins and/or the width
of the pitch of leads.
Oon the other hand, the automatic device-exterior
25  examining apparatus according to the present invention
comprises the brightness-controllable compact lighting

apparatus constructed as mentioned above, a camera for



20 _ narrow width of the pitch of leads, it can illumnate the IC so

as to be able to accurately neasure the degree of the fl atness of the
end portions of |ead pins and/or the w dth of the pitch of | eads.

On the other hand, the automatic device-exterior 25 exam ni ng appar at us
according to the present invention 1Bonprises t he

bri ght ness-control | abl e conpact lighting appar atus constructed as
menti oned above, a canera for

-10- phot ographi ng or imaging a device to be tested and

converting the photographed picture into a multiplicity of dat a of

I xel d tputti t.h ' ' '
Phe pi xel dateBTRIEnRigE, ProussdlRs £ VISR, M b restBF R T 1o T rmge -
data, an oper ,hgé},a:gn%g g—,ﬁ%’oﬂﬂotogra}})eﬂatﬁ:??g QreEREY A %Clteéi%l?ﬁﬁg?”éf

appear ance of Vi I'n accordan eset itens

of exam nati Ofhya of gﬁgisdgﬁgl&ytr#[ﬁﬁﬁﬁgf hefll, SRh a¥hdlk ziﬁ:dd&gg_n?gcor di ng

to the I mage data 1 nput fromthe I"mage processinhg neans.

The canera i spddfd ef“dxe%rbeebsia?% (fhR198a€aURhSEL from tHeVicagbraanera.

The reason is that conversion of analog to digital (A/D) can be
easily dape ian¢Wdhvedr¥ing, theh into inewevdatapnah cpemxtaoncprobessing. The

Al D conversion is preferred to be performed within the canmera. It is
desired 15 médwd fidre measaringithe aixtidrmalanappearande gif bheadevice te
i ntended to take the |ight and shade in the reflection of l'i ght
di stincti vel ybe Restleshsinohccbrdaneme rwitils pregetedtems of exami®asaening
formed at the central portion of the
and display means for displaying an image according to the
image data input from the image processing means.
10 The camera is preferred to be a CCD {Charge Coupled
Device) camera. The reason is that conversion of analog to
digital (A/D) can be easily done in such camera, but
conventional cameras can be used. The A/D conversion is
preferred to be performed within the camera. It is desired
15  that the sensitivity of the camera is high because it is
intended to take the light and shade in the reflection of
light distinctively. The lens of the camera is mounted in
the opening formed at the central portion of the
illumination frame of the lighting apparatus stated above
20 and is opposed to a DUT.

The pixel data obtained by the camera are sent to the
image processing means wherein they are converted into image
data. The image processing means may have the same
construction as that of a prior image processing device, and

25 it is desired to provide the illumination control means

mentioned above within the image processing means. The

reason is that the control of the illumination is effected



i1lumnation frame of the lighting apparatus stated above 20 and is
opposed to a DUT. The pi xel data obtained by the canera are sent
to the | mage processing nmeans wherein they are converted into image
data. The image processi ng neans nmay have the sane construction as
that - of a prior inmage processing device, .gnd 25 it is desired to provide
the illum nation control neans menti-oned above within the imge
processi ng neans. The reason is that the control of the illum nation
is effected by using the image data processed by the
| mage processing means and the operation data in the operation
processi ng The operat]on _progessing neans_perforns
ebRaEH o

nmeans .

various 5 B¥Jidg fhe imagedaka RROCHTEE R P9 FHOrEGE18Y: a,

and outputs the resul The_i e data.an i e r . the data
obt ai ned frorf T Pé’?fn%?’? 8?95$'gf i‘g%apﬁ‘%cgggi %%gfgtf&?é%gc?&ps)ﬁflged to the
di spl ay neangmé;}/nnnitor), and the di spl ay neans di spl ays the inage
of DUT corresmmuﬁhg to the 10 i mage dat a. The operation

processing means U-atabhOPfocessind RRANECPBPES IS RLSJUdANCE Wi th
preset itens of e§§%§n tigh B (%easurenent)?gand outputs the results of

nmeasur emeit S procesdiigauel apefativiis (oI FhBabadistHE 185 niagel qaeasur ement,
and 15 al so displays and/or prints out. The itens of exam nation

include, for gx@ngitputishehsusbsil®esd. | ahd pmage ddwn \sindl,hidf necessatihe pitch
of | eads, the degree of flatness of |ead pins or
the data obtained from the results of operation processing
are supplied to the display means (TV monitor), and the
display means displays the image of DUT corresponding to the
10  image data.

The operation processing means performs various
measurements in accordance with preset items of examination
(measurement), and outputs the results of measurements
through an output terminal of the result of measurement, and

15 also displays and/or prints out. The items of examination
include, for example, the number of lead pins, the width of
the pitch of leads, the degree of flatness of lead pins or
the like for LSI of QFP stated above, though the items of
examination can be different between DUTs.

20
BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a perspective view showing one embodiment of
a lighting apparatus for use in examining external
appearances of devices according to the present invention;
25 Fig. 2 is a diagrammatical view showing one embodiment
of an automatic device-exterior examining apparatus provided

with the lighting apparatus of Fig. 1 according to the



the like for LSI of QFP stated above, though the itens of exam nati on

carf be di fferent between DUTs. 20 BRI EF DESCRI PTI ON OF THE DRAW NGS
Fig. 1 is a perspective view showi ng one enbodi nent of a lighting
apparatus for use in exam ning external appear ances of devices
according to the present invention; 25 Fig. 2 is a diagrammati cal

vi ew show ng one enbodi nent of an-ddfomatic device-exterior exam ni ng
appar atus provi ded with the lighting apparatus of Fig. 1 according to
t he -12- pr esent

i nvention together with an I1C to be tested; Fig. 3 illustrates

I1lumnated conditions of a |ead in of the |IC photographed by using
the |ighting RESaRt d%“’entlono?ogf?tﬁl.erl,“ﬁl\ﬁﬁeﬁﬁi ﬁcﬁ%.bé('ﬁﬁ ia side view

showi ng a | ead 5. pin. ap_| C of, good qual.it Fig. 3 ig. a
perspective Eig%n 3 &E&Pﬁgrﬁ%s. Jsl(g'%ml(nggﬁflt ﬁéf_“liﬁforéﬁ 8’? aFﬁ'&f“fiS( O is a
side view shg gad~pLp. O zaébl S, u étf'igh'l a 54;19 3(D)
i s a perspect I Skp % g~ f h g?ﬁ%,_ io
Fig. 4is aflpwehant %ﬁg:&ﬁ?'ﬁ&' 23" 16X3"D4 o Q1 AP showingeéafégang
process by the au omat’i C device-'exteri or ‘examning appdr at us
accordi ngiftoaéﬂ?.df Pa?ne'ib bPV§Hdd HhaldRy, Fig. 3(3% & grér's eBtive
di agrammatic view for explaining a flFow of I mage dafa in an exanpl e
of a prior inpgsy ARkEng Pig. 1P(A) dHGNCehe left side, Fig. 3(C) is a

side view showing a lead pin of an IC of bad quality, and

Fig. 3(D) is a perspective view looking Fig. 3(C) from the

left side;

10 Fig. 4 is a flow chart for explaining an example of an
examining process by the automatic device-exterior examining
apparatus according to the present invention; and

Fig. 5 is a diagrammatical view for explaining a flow

of image data in an example of a prior image processing

15 device.

BEST MODES FOR CARRYING OUT THE INVENTION

Now, the preferred embodiments of the present

invention will be described in details with reference to the
20 accompanying drawings.

A lighting apparatus and an automatic device-exterior
examining apparatus according to the present invention can
be used in illuminating all devices including not only
semiconductor devices but also devices such as filters,

25 vibrators, etc. and in examining external appearances of the
devices. However, hereinafter, an example will be described

in which an IC typical of semiconductor devices is



BEST MODES FOR CARRYI NG OUT THE | NVENTI ON Now, the preferred
entfadi nrents of the present I nvention will be described in details
with reference to the 20 acconpanyi ng draw ngs. A lighting
apparatus and an automatic device-exterior exam ni ng appar at us
according to the present invention can be used in illumnating al
devi ces including not only sen1con&ﬁctor devi ces but al so devices
such as filters, 25 vibrators, etc. and in exam ni ng external

appear ances of the devi ces. However, hereinafter, an exanple will be
descri bed in which an I C typical of sem conductor devices is
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i1l um nation aving an openlng or me at substantially the

central pprti on OfF fg1e 1f IJ.@”E beFspective’ Wik ShdwifgEoie @mbdAiNBAEALE ' S
eyes thereon, t|pI|C|ty of brightness-controllable |ight

emtting a %Ejsaﬂa?aﬁéﬁﬁ’élgﬁﬁr FgeUnd bRemORER Rgkt@frnbhe il unination
franme 10, and an I'llum nation control section 11 for 15 selectlvely

control ling tdgpdriapitiescog @éviesd aticdriddnyi gotthe present invention.

The lighting apparatus according to the present invention
comprises an illumination frame 10 having an opening formed

10 at substantially the central portion of the frame for
putting a camera or an operator's eyes thereon, a
multiplicity of brightness-controllable light emitting
elements 19 arranged around the opening of the illumination
frame 10, and an illumination control section 11 for

15 selectively controlling the brightness of each of the light
emitting elements 19.

Since the lighting apparatus of the present embodiment
is so constructed as to illuminate an IC such as VLSI of QFP,
the illumination frame 10 is formed in a shape of

20 rectangular quadrangle which is long in horizontal analogous
to the IC which is long in horizontal as shown in Fig. 2.
Also, in the present embodiment, a lens of a camera 9 is put
into an opening formed at the central portion of the
rectangular frame 10, and a multiplicity of the light

25 emitting elements 19 are arranged around the opening as the
center thereof.

The light emitting elements of LEDs are used as the



emtting elenments 19. Since the lighting apparatus of the

present enbodi ment IS so constructed as to illumnate an I C such as
VLSl of QFP, the illumnation frame 10 is forned in a shape of 20
rect angul ar quadrangle which is long in horizontal anal ogous tothe IC
which is long in horizontal as shown in Eh . 2. Al so, in the present
enbodi nent, a lens of a canera 9 is put ~ %" i nto an opening fornmed at the
central portion of the rectangul ar frame 10, and a multiplicity of
the light 25 emtting elenents 19 are arranged around the opening as the
center thereof. The light emtting elenents of LEDs are used as
t he light emtting

el ement s 39, Light pmitting elsTenty ]e‘a'le_ﬁbnﬂt §hej%§§hﬁéa“?'rté‘i§f3r g @BQP'_E%JUI arly
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emtting el engid iabovBEtHBPSpeRHtd 132 #hSnned ou fé@i)&g%t ddbzbanbeal Iy

alternately). Such regul ar arrangenment of the | emtting elenments

nmakes it pasyaficht HALE 6€NEAE | midtdldrdkhBessghbesivinyd1bh8ntgason why
the |ight emtting elenents existing in the upper "portion of the

frame arcidtingndd ehé iowdhaind bothespdes RIOGRhE Frans
aimed principally at measurenment of the external appearances of | ead
pi ns, and an {theclsghit| emitting eldmembsaidi thetupper Hortisamapkat
downwardly of I C can nake it easy to exam ne the
arrayed substantially alternately). Such reqular
arrangement of the light emitting elements makes it easy to
10  control the brightness thereof, and the reason why the light
emitting elements existing in the upper portion of the frame
are thinned out is that in the present embodiment it is
aimed principally at measurement of the external appearances
of lead pins, and an intense illumination from a direction
15 somewhat downwardly of IC can make it easy to examine the
external appearances. In this manner it is preferred that
the light emitting elements 19 are so arranged that the
optimum condition of illumination is obtained in
consideration of the items of examination for the external
20  appearances. Of course, it is possible that the light
emitting elements may be arrayed without thinning out them
and the brightness thereof may be controlled.
Further, the luminance of one LED is about 2000mcd
(milli-candela), and so it is desirable that the number of
26 LEDs is determined by taking into consideration the size of

DUT, a distance to DUT, items of examination, accuracy of

test, etc. Usually, it is sufficient to use LEDs ranging



ext ernal appearances. In this manner it is preferred that the |ight
emtting elenments 19 are so arranged that the opti mum condi tion of
illumination is obtained in consideration of the itens of exam nation
for the external 20 appearances. O course, it is possible that the

l'i ght emtting elenments may be arr gye ed wi t hout thinning out them

and the brightness thereof may be contradl Further, the

| um nance of one LED is about 2000ntd (nilli-candela), and so it is
desirabl e that the nunmber of 25 LEDs is determned by taking into

consi deration the size of DUT, a distance to DUT, itens of

e Nt e P
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cont i guous to the th &Tlﬂﬁ%uh%xéﬁ%&%la%céon Pfrié’ %"el ona .

initialization of um na correctlo

dependi ng “pgé;béilﬁz{x‘e%%rti Rbus to tﬁ@i&‘iﬁﬁn@ﬁﬁ%mﬂ hetares 10' ankihe

initializati un1na I on a cal ation target is placed on a

measur i ngg pozbél fi’ﬁ:n@t tﬁe ﬂ.nltléii‘ﬁ*:ﬂnsb%nﬁilhﬁlﬁé@.{ﬁn Gind Rael 1 ghting

apparatus an um nated, and if the photographed i mage i s good,

then the coﬁ@dtqdabtfarnsﬂmhmatwﬂoﬂ idEpehdifigtupsn iR aRisulus gal ue. |f
t he photographed image is inferior, then such control is done t hat

t he brlghtnesmeaguﬂemdntlncThahrmsﬁlﬂnntha Anitttakization ofofilluhimsciomwf the
light emtting elenments is perforned by a
a calibration target is placed on a measuring position at a
fixed distance in front of the lighting apparatus and is
10 illuminated, and if the photographed image is good, then the
value obtained at that time is set as the optimum value. If
the photographed image is inferior, then such control is
done that the brightness control including turn-on and turn-
off of each of the light emitting elements is performed by a
15 predetermined fixed sequence and the control is stopped when
the optimum value is obtained. Also, the lighting apparatus
is so constructed that if a failure or defect has resulted
from the measurement of each DUT, it can be re-adjusted so
as to be able to measure under the optimum condition each
20 time.

Fig. 2 is a diagrammatical view showing one embodiment
of an automatic device-exterior examining apparatus provided
with the lighting apparatus of Fig. 1 according to the
present invention together with an IC to be tested. The IC

25 20 to be tested is put on and fixed to a rotatable stage 21

which is rotatably mounted on a measurement pedestal 22.

The IC 20 is an LSI of QFP, in this embodiment, and the



15 predeterm ned fi xed sequence and the control is stopped when t he

opti.mum val ue i s obtained. Al so, the |ighting apparatus IS so
constructed that if a failure or defect has resulted fromthe

measur ement of each DUT, it can be re-adjusted so as to be able to
measur e under the optinmum condition each,,20 tinme. Fig. 2is a
di agrammati cal view showi ng one enbodinﬁ&ﬁ- of an autonmatic

devi ce-exterior exam ni ng apparatus provided with the lighting
apparatus of Fig. 1 according to the present invention together with

an ICto be tested. The IC 25 20 to be tested is put on and fixed to a

t at abl t 21 which, i Qtatably t t
bedestal 22. PRcKagerds pebgyicd'dh e rrlpthe N d ALBIML HRE. 1 ¢ e
" 16. . Vi . : . I : and
A1 the four STRCIRNTohE, B Jthe b nbabitba! WiRrlickie, C6f ROR LY

rotatabl e st age, 2L SILLELE2S ) Forl B S i he exterdipear ances of

| ead pins of One  side IS nmeasur " four 5 external appearances of

| ead pins on Ifd@sC8R P8ad pins BFATMECHiddhes GedBuTId, 0R110kckbe
external appearances IS conpl eted when the external appearances of

| ead pinsg; on @ldernal apbBHfafitéeofRa®Epineeon each side cafihbecanera 9 and
the lighting apparatus are opposed to 1 the IC 20 to be tested and are

positioned atpgadirvedl The exhmimatdent fiorebié vexrerniile appghrangesipimr at us
i1l um nates the IC 20 properly in the manner stated above, and the
canera 9 convesmsleteel whehoyhapixicemialt wppeanapces of lead pins on all
four sides are measured.
The camera 9 and the lighting apparatus are opposed to
10 the IC 20 to be tested and are positioned at a fixed
distance therebetween. The lighting apparatus illuminates
the IC 20 properly in the manner stated above, and the
camera 9 converts the photographed picture into a
multiplicity of data of pixels and outputs them to the image
15 processing section 12. The camera 9 is a CCD camera in
which the photographed picture is immediately converted by
A/D conversion into pixel data of 4?4)(624 points. The
distance resolving power for the IC can be enhanced by
appropriately selecting a distance between the camera 9 and
20 the IC 20 and/or the magnification of the lens. For example,
the image is taken by 100 pixels per a distance of 10mm of
the IC 20, high resolving power of 0.lmm/pixzel can be
obtained. Image data of 8 bits are used in this embodiment,
in practice, high resolving power of 1/5 (experience value)
25 of 0.1mm, namely, about 0.02mm, can be obtained.
The image processing section 12 receives the pixel

data sent from the camera 9 through an image data input



mul tiplicity of data of pixels and outputs themto the inage 15

processi ng section 12. The canera 9 is a CCD canera in whi ch the
phot ogr aphed picture is i mediately converted by Al D conversion into
pi xel data of 484X624 points. The di stance resolving power for the IC
can be enhanced by appropriately Sﬁggcting a di stance between the
canera 9 and 20 the 1C 20 and/or the gnification of the lens. For
exanpl e, the image is taken by 100 pi xels per a distance of 10mm of
the 1C 20, high resolving power of O0.1nml pixel can be obt ai ned. | mage
data of 8 bits are used in this enbodinent in practice, high
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Thi s processin a3|2|ng t and e 1 nmage nakes
it easy to d%@éﬂﬂﬁ Femeasuremasd ! i A aﬁa@mbﬂmf wiinieganpl e t her eof

wll be described wth reference to Filg. 3. Further, in Fig. 3 for
the convepi erk!@scszflﬂdaeweml 28péIaced oy FIGE Beadrytithesf, &hemg. 3 #6220 to
be tested is illustrated. Fig. 3(A) is a side view showi ng a | ead

pi n 25 of goothd wdnvieniehcthef | £he Gxpdatiattion onlyicnd dead phat ofhehdot t om
face of the end portion of the lead 10 pin 25 is flat. Fig. 3(B) is a
front view of ICiZ) t3( M, tested ishiiliwioased.caig.t B(R)adsi ateide view
illumnation is projected to the 1C 20 from somewhat downwardly of
the | C. By tishowing a lead pin 25 of good guality of the IC 20, and it

is found that the bottom face of the end portion of the lead

10 pin 25 is flat. Fig. 3(B) is a front view of Fig. 3(a),
which shows a case that an intense illumination is projected
to the IC 20 from somewhat downwardly of the IC. By this
illumination an intense reflected light is incident into the
camera 9 from the end face of the lead pin 25 which is shown

15 with black color in Fig. 3(B) and it is displayed in white
(bright) and distinctly on the TV monitor 18. The width of
the lead pin 25 can be determined or measured from the
number of pixels in this white or bright portion, and also
the central position thereof can be determined. Moreover,

20 though not shown in Fig. 3, an interval or distance between
adjacent two lead pins, i.e. the width of the pitch of lead
can also be determined.

Fig. 3{(C) is a side view showing an example of a lead
pin 26 of bad quality of the IC 20, and it is found that the

25 end portion of the lead pin 26 is curved somewhat upwardly

and that the bottom face of the end portion of the lead pin

26 is not flat. Fig. 3(D) is a front view of Fig. 3(C)



illumnation an intense reflected light is incident into the canera 9
fromthe end face of the lead pin 25 which is showmn 15 with bl ack col or

in Fig. 3(B) and it is displayed in white (bright) and distinctly on
the TV nonitor 18. The w dth of the lead pin 25 can be determ ned or
measured fromthe nunber of pixels. n this white or bright portion,
and al so the central position thefggr can be determ ned. Moreover,
20 t hough not shown in Fig. 3, an interval or distance between

adj acent two lead pins, i.e. the width of the pitch of |ead can al so
be determ ned. Fig. 3(C) is a side view show ng an exanple of a

| ead in 26 of. bad | it f the I.C 20 d Lf.ls A
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the canera 9 fromthe end tace of this 5 inferior lead pin 26 and it is
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of the lead pin 26 and al so the central position thereof cannot be
determi ned. the T™Adnchitesullg. iThdrefdeber ghoewidich kef ahei Akadi pina2éi cl e,
neverthel ess, there can be a case that the operator would 10 like to

det er mi ne t heapdsalsorthef ceherahfposbrideadegenf2éannot be |detsumtinedse an
illum nation from sonewhat upwardly of the

As a result, it is determined to be an inferior article,
nevertheless, there can be a case that the operator would

10 like to determine the position of the inferior lead pin 26.
In such case an illumination from somewhat upwardly of the
IC is emphasized by driving the illumination control section
11 whereby an intense light reflected from the end portion
of the inferior lead pin 26 is incident on the camera 9 and

15 the position of the end portion of the inferior lead pin 26
can be confirmed in the image processing section 12. 1In
addition, the degree of flatness (offset) relative to the
position of the excellent lead pin 25 can be determined.

The image processing section 12 processes the pixel

20 data input from the camera 9 and converts them into image
data, as stated above, and displays an image corresponding
to the image data on the TV monitor 18 by emphasizing the
light and shade of the image, or changing any portion to be
measured of the IC to any color display through the LUT 53,

25 or displaying a window or windows, or displaying characters,
if necessary. The output signal from the image processing

section 12 is supplied to the TV monitor 18 through a TV



| C is enphasized by driving the illum nation control section 11
whereby an intense light reflected fromthe end portion of the
inferior lead pin 26 is incident on the canera 9 and 15 t he position of
the end portion of the inferior |ead pin 26 can be confirnmed in the
| mage processing section 12. In addigi i on, the degree of flatness
(offset) relative to the position of the excellent |lead pin 25 can be
det er m ned. The i mage processing section 12 processes the pixe
20 data input fromthe canmera 9 and converts theminto inmage dat a,
as stated above, and displays an i mage correspondi ng to the inmage
data on the T H?fai?2|ng t he | i ght and shade of the
i mage, or changi g an%’portlon nmeasured of the IC to any col or

di spl ay through thﬁlé%e‘i%.uo%%meés&i@'s@eemnaw Pgﬁfbﬂﬁs WadeHs or

di spl ayi ng characters, I f "necessary. The output signal fromthe inmge

processing  procéffind¥ o¥2operatibhd afhdlp dehehdVagbarhiatli®r brogsbga TV
-19- | mage out put termnal 17. The operation processing

section 14 pestoinferity dead pin, meanesiends off thpewidilonst Jwad pint he
determ nati on of good or inferior |ead pin, neasurenent of the wi dth
of lead phn, thé widtle ofi ¢he pittheopilezridsoir dagseerofiadeedlatneke

fl at ness and the like on the basis of the inage data. The results of
t he oper at i ond3nd arhehd ikiespnaybd basisheofNtheonimage dataandhe resultsoofan be

outputted to the outside through an out put termnal 16 for outputtlng
the result ofth@=eRRIASNS AARCbe §£FP143ﬁ§ﬂ9noﬁhﬁé3§dW@HEﬁF%Iéhdaé

procedure of groce55|ng met hod
1so can be outputted to the outside through an output

terminal 16 for outputting the result of measurement. Also,
10 items of measurements and a procedure of processing method
are inputted from an input terminal 15 for set wvalues to the
operation processing section 14. The operation processing
section 14 performs control of the whole system, too. The
control data from the operation processing section 14 is
15 outputted from a lighting apparatus control data output
terminal 13b to the lighting apparatus. Further, setting
buttons and/or ten keys may be provided on the operation
processing section 14 itself so that the items of
measurements and the procedure of processing method can be
20 inputted through the buttons and/or ten keys. It is
convenient that the illumination control section 11 is also
provided within the operation processing section 14.
Fig. 4 is a flow chart for explaining an example of
operation when an inferior IC particularly in its external
25 appearance was detected in the procedure of measurement. An
IC 20 to be tested is secured on the rotatable stage 21, and

then a measurement of reflected light is started by a



are inputted froman input termnal 15 for set values to the

opé€r ati on processing section 14. The operation processing section 14
performs control of the whole system too. The control data fromthe
operation processing section 14 is 15 outputted froma lighting

appar atus control data out put termgpal 13b to the |ighting apparatus.
Further, setting buttons and/or ten keys nmay be provided on the
operation processing section 14 itself so that the itens of
measurenents and the procedure of processing nethod can be 20 I nputted
through the buttons and/or ten keys. It is conveni ent that the
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25 appearance Was e procedure of neasurenent. An

20 to be testgg] StIRACUWSSdalN té&dr & JVuAdsbadfeddurébr not ikhen a
measur ement of reflected Ilght is started by a
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31 whet her preset neasurenent points could be neasured or not, that
is, all I®ad ps EESOoWnbeheesesnty of thet measurementlefcar ihatkd ICVWhen t he
result of the determnation in step 31 5 is YES, then the result of the
measur ement foutpilited Gn step 32 and pihe ekamingtien 3fomhe lextexanilnati on
for the external appear ance ends (step 33). Wen the result of the
det er i nat i onappearanse3ends KBtephd3)d | Whenatherremttr @F the  section 11

is operated to effect the brightness control _of
determination in step 31 is NO, the illumination control

section 11 is operated to effect the brightness control of
10 the light emitting elements 19 in step 34. For example, the
position of turn-on LEDs may be changed. Subsequently, in
step 35 re-measurement of lead pin or pins which could not
be measured by the preceding measurement is performed, and
in step 36 whether the measurement of lead pins can be done
15 or not is determined. When the result of the determination
in step 36 is YES, then the result of the measurement for
that IC is outputted in step 32 and the examination for the
external appearance ends (step 33). When the result of the
determination in step 36 is NO, the process comes back to
20 step 34 again, wherein the position of turn-on LEDs may be
further changed, and in step 35 re-measurement of lead pin
or pins which could not be measured by the preceding second
measurement is performed again. The re-examination in step
35 is carried out by three times in this example, and the
25 number i of re-examination (retry) is counted by steps 37
and 38. When the number of re-examination exceeds three

times, that is, the result of the determination in step 38



10 the light emtting elenments 19 in step 34. For exanple, the

position of turn-on LEDs may be changed. Subsequently, in step 35
re-measurenment of |ead pin or pins which could not be neasured by the
precedi ng neasurenent is perforned, and in step 36 whether the

measur enent of | ead pins can be done or not is determ ned. Wen the
result of the determ nation I n ste3136 Is YES, then the result of the
measur enent for that 1Cis outputted in step 32 and the exam nation
for the external appearance ends (step 33). Wen the result of the

determination in step 36 is NO the process cones back to 20 step 34
2nd in Step i rBeddencnbs PEFOTEL BrsGeds B 8 m 3 WHERRCBU d not be
o axam nat i e P Fral ERS Reasuranent SARHBELES pocRSmal 45 TN & T
ctops 57 " Hoiiefen arf BHE! halind SoH B8 RhbOBcbeFAY aSﬁe i e

times, that 'éndéYégf qbt of the determination in step 38
-21- e “the process proceeds to step 39 wherein a

deci si on ghat the i@aisé”a@iﬁ&bnﬁaﬂﬁ&h e PR g H6scriptidghdey ed and the
exam nation for the external appearance ends (step 40). 5 As

is apparent fs6eetdihdeOReai BBe dpSssdny iiventtion, the astridardenwtoh t he
present invention, the exam nation for ext ernal appearances of recent

very cgrrpact emlemamta@pearancdevotemdmﬁ werki gbmpact ramy miamtee easily
carried out- devices having high accuracy can be easily carried out.
Since the lighting apparatus according to the present
10 invention has a multiplicity of light emitting elements the
brightness of each of which is controllable and which are
arranged around a camera for observing a DUT and further the
brightness of each light emitting element can be controlled
based on the result of the observation, it can illuminate
15 the DUT uniformly and also can project an illumination from
a specified direction on the DUT, and so an irradiation on a
specified portion of the DUT and the observation thereof can
be correctly and accurately performed. Accordingly, a
lighting apparatus indispensable to the observation on
20 minute and very fine portions of a DUT is provided.
The automatic device-exterior examining apparatus
according to the present invention is provided with a
lighting apparatus which can illuminate a portion or
portions to be measured of a DUT from any direction.
25  Therefore, the automatic device-exterior examining apparatus
can make clear the light and shade of the portion of the DUT

photographed by a camera, and the automatic measurement is



Since the lighting apparatus according to the present 10 i nvention has a
multiplicity of light emtting elenents the bri ght ness of each of
which is controllable and which are arranged around a canera for
observing a DUT and further the bri ght ness of each light emtting

el ement can be controll ed based onhe result of the observation, it
can illumnate 15 the DUT uniformy 5ﬁ ~al so can project an illum nation
from a specified direction on the DUT, and so an irradiation on a
specified portion of the DUT and the observation thereof can be
correctly and accurately performed. Accordingly, a | i ghting apparatus
i ndi spensabl e to, the

" Peroabl e Lo R AL 0 3Pl B Hoe EBE RO ©
vt on 38 WllBel bl Tofl SHRH g-ARTBAREL. S PERSRAY thet,
d of I & I f , ti

peasured of Aol OTARGY SRR odkh, aHECESTOAE vl TR €

shade of the pociian. HessieeRbit can be¥ekedEaPBaE, by a camera, and the

automatic neasurement iIs _ -22-
easi |y doge. Al So,ﬂﬁ hehidi $aRRe® £RS OhMedEntP AWREentebnaiP Fptimum £o&N be
enhanced to less than 0. 1nm pi xel by increasing the nunber of pixels
in imge dat aghanskafidataoncby Sbgdrvation FoRULAhE ARBIMATRILRextarnhd
carried out. 5 In this manner the present invention is optinmmfor
t he exam nat i appedranites oft denites ducle aandeminohduekdrrdetices,
appear ances of devices such as sem conductor devices,

filters, vibrators, or the like, and the technical effects

thereof are remarkable.

10



filters, vibrators, or the like, and the technical effects t her eof
ar e renmar kabl e. 10 -23- CLAI MVE:

1. Alighting apparatus for use in exam ning external appearances of
devj ces conpri sing: an illumnation franme having an opening forned at
substantially the central portion of saiggtrame for putting a camera or an
operator’'s eyes thereon; a nultiplicity of brightness-controllable
light emtting elements arranged around said opening of the illum nation
frame; and an illumnation control nmeans for selectively controlling
the brightness of each of said light emtting elenments. 2. The lighting
appar at us acqggggﬂg to claiml wherein said light emtting elenents are
ones of LED. . An automatic device-exterior exam ning apparatus
conpri si ng: a lighting apparatus for use in exam ning external
appear ances of devices conprising an illum nation franme having an opening
formed at subpiam ildghyihGeappartatals fper hbaninfesmihingaeatbonaputting a
canmera or an operator's
appearances of devices comprising:
an illumination frame having an opening formed at
substantially the central portion of said frame for putting
a camera or an operator's eyes thereon;
a multiplicity of brightness-controllable light
emitting elements arranged around said opening of the
illumination frame; and
an illumination control means for selectively
controlling the brightness of each of said light emitting

elements.

2. The lighting apparatus according to claim 1 wherein said

light emitting elements are ones of LED.

3. An automatic device-exterior examining apparatus
comprisings

a lighting apparatus for use in examining external
appearances ofldevices comprising an illumination frame
having an opening formed at substantially the central
portion of said frame for putting a camera or an operator's
eyes thereon, a multiplicity of brightness-controllable
light emitting elements arranged around said opening of the
illumination frame, and an illumination control means for

selectively controlling the brightness of each of said light

W RO




eyes thereon, a multiplicity of brightness-controllable light emtting

el enents arranged around said opening of the illumnation franme, and an
illum nation control mnmeans for selectively controlling the brightness of
each of said |ight - 24- emtting
el enent s; a canera for photograpmiyq_or | magi ng a device to be

tested and converting the photographed prcture into a multiplicity of data
of pixels and outputting them an i mage processing nmeans for
processing the pixel data inputted fromsaid camera and converting them
into imge data; an operation processing neans for neasuring the

external appea ce of .th vice to be tested in accordance wth preset
items of exan?@ég#%ﬂﬁ %%%W%ngg' di spl ay neans for displaying an i mage

according to the }rpge dated,i BROLSGFLINANG W InhfRES &T@GARR 1) Feans.

tested and converting the photographed picture into a
multiplicity of data of pixels and outputting them;

an image processing means for processing the pixel
data inputted from said camera and converting them into
image data;

an operation processing means for measuring the
external appearance of the device to be tested in accordance
with preset items of examination; and

display means for displaying an image according to the

image data inputted from said image processing means.
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