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LIGHTING APPARATUS

BACKGROUND OF THE INVENTION

Field of the Invention

The present invention relates to a lighting apparatus,
and in particular relates to a 1lighting apparatus for
observing patterns such as circuitry, letters and the like
which are formed on the surface or in the vicinity of the
surface of an insulating substrate such as ceramic, glass, a

semiconductor wafer or the like.

Description of the Prior Art

Up to now, during the manufacture of semiconductor
integrated circuits and the like, microscopes, cameras and
even the human eye have been. used to observe patterns such
as circuitry, letters and numbers which bave been formed on
the surface of a material such as resin, ceramic, glass, a
liquid crystal substrate, a semiconductor wafer or the like.
For example, during a manufacturing process, identification
marks on a semiconductor wafer are read out, and then a
predetermined process is carried out in accordance with such
identification marks.

Several lighting apparatuses are known in the prior art
for illuminating an object to be observed, and these
apparatuses generally employ fluorescent lights, fiber optic
illumination or a parallel light source comprised of lenses
or the like.

When reading patterns such as letters or the like on a
substrate, if there is a sufficiently large enough contrast
between the pattern and the surrounding background, such
pattern will be clearly seen, but if there 1is little
contrast between the pattern and the surrounding background,
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Up to now, during the manufacture of sem conductor integrated circuits and
the Ii ke, mcroscopes, caneras and even the human eye have been used to
observe patterns such as circuitry, letters and nunbers which have been
formed on the surface of a material such as resin, ceramc, glass, aliquid
crystal substrate, a sem conductor wafer, or the like. For exanple, during a
manuf acturing process, identification marks on a sem conductor wafer are
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Although there 1is a bright field illiumination for
illuminating dark patterns on light backgrounds and a dark
field illumination for illuminating light patterns on dark
backgrounds, it is not necessarily a good idea to always
employ a bright field illumination having a high
illuminance.

Thus, in the lighting Qpparatuses cf the prior art, it
is necessary to consider the 1light source, the optical
elements, the position of the object to be observed and the
observer when determining the arrangement of the observation
system in order to obtain a. sufficiently large contrast at
the portion being observed. Once this is done, it is then
necessary to fix the positional relationship of such
determined observation system, namely it becomes necessary
to fix the illuminating angle and the illuminating angle
distribution of the light which shines onto the object to be
observed. In this regard, an operator must have sufficient
experience and time to finely adjust the illuminating angle
and the illuminating angle distribution.

In this connection, Japanese Laid—-Open Patent
Publication Nos. 6-3825 & 6-129844 disclose a semiconductor
wafer inspection apparatus in which parallel light is shined
onto a sample, with the reflected light or scattered light
therefrom being focused by a convex lens toward an aperture
stop arranged within the back focal plane of the convex
lens. However, even in this type of apparatus the
illuminating angle and the illuminating angle distribution
of the light is fixed, and in order to finely adjust such
illuminating angle and illuminating angle distribution, an

operator must have sufficient experience and time.



-2- it will be difficult to distinguish the pattern fromthe surrounding
backgr ound. Such contrast between the pattern and the surroundi ng
background is affected not only by the illum nance of the |ight source but
also by the illumnating angle and the illum nating angle distribution of
the light source. "Illumnating angle ; distribution® neans t he
distribution of illumnating angles within an observed area. Al t hough
there is a brightuftiedsndtd Umenvan owhénr didamiatdtdng daek parréeds omt

| i ght backgr ounds, .and a el dei | hwnm.nati f Ok plllUR;RaL | i
patterns o%‘sdlélré %}g%kﬁg%%néé,g%% gg ﬁé?%ggéggg?i'l &hgrep?éq?de%wt% ‘giluv\e/ays
enpl oy a vwrightion fjigl d contiragti ndueontohatitfg V%l“ﬁggﬂni | $ i GRinkeal

I et e, g ing Sk o o
"Tli"ght source, the optical elements, the, positiaon t he, obj ect
to be obserdidf SRRNGGRe obSer vERe wh AR IYEESTHTHREy t Rbt rraﬁbaéﬁé%c%?r{?l%]

obs?r vat Lorapiya&:)mé ném d@&ntxﬂ%ebﬁamga midddss entihy pargecudbatrs asthatet he
portion being observed., Once this.is dqone, L{_] n c L X, t he
posi ti onal “F’glllat f’ﬁn?hi‘ﬁ“%] §ﬁ“5ﬁa§éf)3r nlinneide% %Jé?%}é |§or‘iL gyi?igrﬁw%%prrté IJ31/&(e|t

becones neanssaty werpirgt o i{Heundig¢thgbaing cobrarvRe BN HIRY ML ENgl e

di stributiof, ObnbnG i ditedthi 68 $HeNGm M Lhfa OBuetbuba kg Gheesved . | N
this regard, an operator nust have sufficient experience and tine to f{nely

adj ust t he Ganagayrrt by, apre ahid & AF 99 o THAS IRPSNG ¢ RASE ribut? o

In this oWACd Of oWdPANESat tddidl-dieto At advdld £ addorr dos.
6- 3625 & 6-129844 di scl ose a senjconductor wafer .i.nspection anparat u)a#n
or

which parallel I1RjhBUrt &ASR% of?D £288mARPeTNaAY Yhe PRf CEESH 1%

scattered lddijhistment which requires sufficient experience is carried
out to obtain a high contrast for the object being observed.
However, such adjustments reﬁuire a great deal of time, and
depending on the situation there are many times in which an
object must be treated as being unobservable.

To better understand this problem, a detailed
description will be given: for an example semiconductor
wafer. Namely, a semiconductor wafer has ID letters
(identification marks) written into the top thereof by means
of a write—-in method, such as the same method used to form
an IC pattern by means of photographic exposure or a method
which employs a high-powered laéer to etch letters into the
top of the wafer. In general, ID letters are written on the
wafer before the IC pattern is formed, after which each
wafer undergoes a predetermined process in accordance with
the ID letters thereof.

wWhen such predetermined processes are carried out, a
group of wafers called a "lot" undergo various treatments
(vapor deposition, putting resist, exposure, etching, etc.).
In this regard, it is quite common for each lot to undergo
different treatments, and different processes need to be
carried out depending on the type of IC being formed. Now,
because such treatments are used to form several thin films
on top of the wafer, various problems can arise as the

processes involved in these treatments are carried out, such



t herefrom bei ng focused by a convex |l ens toward an aperture stop arranged
within the back focal plane of the convex |ens. However, even in this
type of apparatus the illumnating angle and the illum nating angle
distribution of the light is fixed, and in order to finely adjust such
illumnating angle and illumnating angl @ distribution, an operator nust
have sufficient experiepce and %i ne. )
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necessary to make the above—mentioned optical axis
adjustments for each lot, each IC type and each ID writing
method. In the case where it is not possible to carry out
the adjustments, the light noise components due to irregular
resist of the areas surrounding the ID letters combined with
defects of the wafer will give rise to so-called image
noise, and this can make it impossible to obtain the image
of the ID letters. As a result, some cases need to be

treated as unobservable.

SUMMARY OF THE INVENTION

In order to overcome the problems of the prior art
described above, the present inventor carried out
experiments to determine the relationship between the
illuminating angle and the image formed. When the present
inventor conducted such research, the positional
relationship between a wafer, which comprised the object to
be observed, and a camera and camera lens was fixed, with
the illuminating angle and parallel characteristics of the
illumination light being changed for wvariocus cases. The

results of such research are as follows:

(1) There was more than one illuminating angle that can be
used to make the wafer ID letters clearly visible from the
surrounding pdrtions of the wafer. Indeed, there was a
plurality of continuous illuminating angle ranges which can
be used. Further, there was a plurality of illuminating

angle ranges which can be used to make any defects or



out to obtain a high contrast for the object being observed. However, such
adjustnents require a great deal of tine, and depending on the situation
there are nmany tines in which an object nust be treated as being
unobservabl e. To better understand this problem a detailed
description will be gi ven for an exanplLes sem conduct or wafer. Nanely, a
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in (1) above) and the number of such ranges were different
for each lot.
{3) There were lots that did not necessarily require
parailel illumination light. Indeed, there were cases where

either converging light or diverging light was preferred.

From the results above,'namely from the fact that there
exists a plurality of preferred illuminating angle ranges
and from the fact that the illumination light need not be
parallel, the present inventor illuminated objects at
various illuminating angle§:-and at various illuminating
angle distributions and discqvered an easy and fast way of
carrying out illumination to obtain an image having a high
degree of contrast. These discoveries enabled the present
inventor to complete the present invention.

Namely, as shown in Fig. 1, in the lighting apparatus
according to the present invention, light from a 1light-
emitting portion 13 shines onto an object 3 via an optical
element comprised of a convex lens 11. In this
construction, the light-emitting portion 13 is made movable
with respect to the convex lens 11 to permit adjustment of
the illuminating angle.

The 1light which is reflected from the object 3 is
directed toward an operator’s eyes, a screen, a camera 5 or
the 1like for observation. In particular, a bright field
illumination is formed by placing the light-emitting portion
13 along the optical axis of the lens 11 for illuminating



-4- as warping of the wafer, the formation of uneven | ayers due to
irregular resist inthe vicinity of the IDletters, and damage to the wafer
when conveyed from one | ocation to another. These probl ens accunul ate as

t he processes are carried out. Now., in the prior art l|ighting
apparatus, when a canera is used to observe the IDletters on top of a
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illuminating angle.

Now, when the light-emitting portion 13 is moved in the
direction indicated by the arrow A in Fig. 1, 1if such
movement is towards the lens 11, the object 3 will be
illuminated with divergent light rays, and if such movement
is away from the lens 11, the object 3 will be illuminated
with convergent light rays. In this connection, the
direction of movement of the light-emitting portion 13 is
not limited to the directions A, B shown in Fig. 1, and
instead it is possible for the light-emitting portion 13 to
be movable in any direction relative to the lens 11.

Further, in place of thenlight—emitting portion 13, it
is possible to use a pluraiity of light—-emitting portions
placed at different positions in a manner that allows such
light—-emitting portions to be selectively activated to emit
illumination light.

Furthermore, as shown in Fig. 2, it is also possible to
arrange the object 3 so as to be perpendicular to the
optical axis of the convex lens 11. In this case, a half-
mirror 41 is arranged between the light—-emitting portion 13
and the convex lens 11 to direct the light reflected from
the object 3 toward the camera lens 4. In the same manner
as shown in Fig. 1, light from the light—emitting portion 13
shines onto the object 3 via the lens 11, and then the light
reflected from the object 3 is directed toward the camera
lens 4 by means of the lens 11 and the half-mirror 41. Now,

if the 1light-emitting portion 13 is moved a distance y



be observed, and a canera and canera |lens was fixed, with the illum nating
angl e and parallel characteristics of the illumnation |ight being changed
for various cases. The results of such research are as foll ows: (1)
There was nore than one illum nating angle that can be used to nake the
wafer ID letters clearly visible fromthe_surrounding portions of the

waf er . I ndeed, there was a plurality of continuous illumnating angle
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Now, when the light—-emitting portion 13 is moved in the
direction indicated by the arrow A in Fig. 2, namely along
the direction of the optical axis, if such movement 1is
towards the lens 11, the object 3 will be illuminated with
divergent light rays, and if such movement is away from the
lens 11, the object 3 will be illuminated with convergent
light rays. Namely, the light rays which are close to the
optical axis will be roughly parallel when they strike the
object 3, and the 1light rays that are distant from the
optical axis will shine on the object 3 at large angles.
Furthermore, because the light-emitting portion 13 generally
has a certain width which gives it more extent than a point
light source, the 1light which shines onto the object 3
includes angular components which correspond +to 1light
emitted at certain distances from the optical axis. In
other words, it becomes possible to obtain convergent light
rays, divergent light rays and parallel light rays which
make it possible to create an illuminating angle
distribution.

Further, instead of moving a light—-emitting portion,
and instead of selectively activating a plurality of light-
emitting portions, it is also possible to move a mask plate
having at least one aperfure arranged between the light-
emitting portion 13 and the optical element 11.

Furthermore, instead of the above—mentioned mask plate,
it is also possible to utilize an optical shutter element
such as an LCD (liquid crystal device), PLZT (plomb
lanthanum =zirconate titanate} or the like. With such a

optical shutter, it is possible to form any desired pattern



cases in which the illum nating angle ranges (as nmentioned in (1) above)
and the nunber of such ranges were different for each |ot. (3) There were
|l ots that did not necessarily require parallel illumnation |light. |Indeed,
there were cases where either converging |ight or diverging |ight was
preferred. Fromthe results aboveg nanely fromthe fact that there
exists a plurality of preferred illumnating angle ranges and fromthe fact
that the ilYifi a8t BERTPPFALLReEd efdr Lisa lp&igmed),, amke if didehit YaWehtors
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11 for ill ubepakeagpossible to selectively determine the illuminating
angle and the illuminating angle distribution. In this way,
it becomes possible to select an appropriate illumination
(e.g., an illumination which will give a high contrast
between what is to be read from an observation portion 3a
and the surrounding background thereof) in order to obtain
an optimum image.

In recent years, with the advances that have been made
in thin film technology and photographic exposure technology
for semiconductors, there is an increasing use of patterns
formed on substrates which have optical characteristics that
cause a high diffusion for illumination 1light in a
prescribed direction. In particular, examples include
patterns such as circuits and letters and the like formed on
semiconductor wafers, glass substrates for liquid crystals,
ceramic materials, and resin substrates. In this regard, by
illuminating such patterns with 1light in a prescribed
direction, it is possible to obtain a high contrast when
carrying out observations. Accordingly, by adjusting the
illumination direction to match that of the prescribed
direction, it is possible to obtain images having a high
contrast.

Further, by moving the light-emitting portion 13 or by
selecting the number of light—-emitting elements, it is
possible to finely adjust the illuminating angle and the
illuminating angle distribution. For example, it is possible

to easily switch between a bright field illumination and a



-6- the object 3 and by arranging the canera 5 to lie wthin the path of
the reflected |light rays (as shown by the solid lines of Fig. 1). Now, if
the light-emtting portion 13 is noved in the direction indicated by the
arrow B, the light fromthe light-emtting portion 13 which is reflected by
the object 3 will not enter the canera-lens 4 of the canera 5, and this
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characteristics of the object 3 due to 1rregu1ar1t1es and

the 1like during the manufacturing process, it may not be
possible to carry out a proper observation in accordance
with one preferred illumination condition, but it is still
possible to carry out an observation by switching between a
plurality of illumination conditions. Accordingly, it is
not necessary to perform the time—-consuming optical

adjustments required for prior art lighting apparatuses.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a drawing showing the principle of the
present invention. |

Fig. 2 is &a drawing showing the principle of another
arrangement of the present invention. |

Fig. 3 is an outline drawing of a first embodiment of
the present invention.

Fig. 4 is an outline drawing of a second embodiment of
the present invention.

Fig. 5 is an outline drawing of a third embodiment of
the present invention.

Fig. 6 is a block diagram of one example of a control
device which uses a microcomputer toc control the apparatﬁs
of Fig. 5.

Fig. 7 is an outline drawing of a fourth embodiment of
the present invention.

Fig. 8 is an outline drawing of a fifth embodiment of
the present invention.

Fig. 9 is an outline drawing of a sixth embodiment of



I's possible to use a plurality of light-emtting portions placed at
different positions in a manner that allows such |ight-emtting portions to

be selectively activated to emt illumnation |ight. Furthernore, as
shown in Fig. 2, it is also possible to arrange the object 3 so as to be
perpendicular to the optical axis of thgsconvex lens 11. In this case, a

hal f- mrror 41 is arranged between the light-emtting portion 13 and the
convex |enstB8 PReERbCiRYPREIPYNt reflected fromthe object 3 toward the
canera | ens 4. antheosams dRNNeL ] Ase siLawing bfga kevdrgih émboibent
light-emtt] g“%)ort on Shl neﬁ onto the object 3 via the lens 11, and
then the Il‘?jﬂ Bfi% c?ee'a fHONTR ]e%bj ect 3 is directed toward the canera
| ens 4 by means Bigthellens 1k aldd'atvhaghabhowungorenampmew pattehas of
light-emtt V, "

’ é%ﬁ?%ﬁ%z?{‘ ﬂéﬂ? he I‘lflpI fhd! ﬁect ed rom t%e obj

-7- fromthe optl axl s, 1ect 3 wll not
pass through thé’l%nslallsaﬁodlfwsn& e%fmvrhng renethek ¢XapRle | pabkteneioh, as

shown by t hgrdiokeredt NGot0idhd . of. thd Nopt L] HANESEI on, even in the
case where tths reflgcted | i ght enters the leng 11, it possible to
an outline drawing of an elghth embodiment

of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

With reference to the drawings, descriptions of first
to eighth embodiments according to the present invention will

now be given.

First Embodiment

Fig. 3 shows a lighting apparatus 1 in accordance with
the first embodiment of the present invention, in which the
lighting apparatus is employed in a reading apparatus for
reading out the identification marks on top of a substrate.
As shown in Fig. 3, an object 3 (a semiconductor wafer or
the like) has identification marks provided on an
observation portion 3a thereof, and the light from the
lighting apparatus 1 which shines onto this observation
portion 3a is reflected therefrom and directed into a camera
5 via a camera lens 4. Image information from the camera 5
is inputted into an image processing device 7, which
processes such information and outputs processed image
signals (or unprocessed signals) to a display device 8, such
as a CRT or the like, which displays images based on such
processed image signals.

The lighting apparatus 1 is equipped with an optical
element comprised of a thin convex lens 11, a light-emitting
portion 13 which is freely movable in the vicinity of the

focal point of the lens 11, light-emission drive 15 for



prevent such light fromentering the canera |lens 4 by adjusting the

di stance "y" fromthe optical axis and thereby forma dark field

i1lum nation. Now, when the light-emtting portion 13 is noved in the
direction indicated by the arrow Ain Fig. 2, nanely along the direction of
the optical axis, if such novenent is tawards the |lens 11, the object 3
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controlling the position of the moving stage 23, whereby the
moving stage 23 is moved along the ball screw 25 by turning
the control knob 28. Namely, the position tb which the
stage 23 is moved is determined by the number of times the
control knob 29 is turned in. either the clockwise or
counterclockwise direction. The stage frame 27 is fixed to
a moving stage 31. The moving stage 31 is screwed onto a
ball screw 33 which is provided on a stage frame 35 fixed to
the base 21. The ball screw 33 extends in a direction that
is parallel to the optical axis of the lens 11, and provided
at one end of the ball screw 33 is a graduated control knob
37 for controlling the position of the moving stage 31,
whereby the light-emitting portion 13 can be moved in the
direction of the opticalnlaxis. Now, in +the above
construction, the moving sﬁages 23, 31 can be moved by
operating the control knobs 29, 37, respectively. However,
in place of such control knobs 28, 37, it is also possible
to utilize a motor, a motor drive and a motor controller to
control the positions of the moving stages 23, 31.

As for the light-emitting portion 13, it is possible to
utilize well-known lamps such as xenon lamps and halogen
lamps. However, there is no restriction as to the type of
light source which can be used for the light-emitting

portion 13, and it is possible to use any appropriate light-



optical shutter, it is possible to formany desired pattern

-8- via an appropriate electrical signal, and in this way it is possible to
formany desired |ight-passage patterns or |ight-blocking patterns. For
exanple, it is possible to select an appropriate signal which causes the
optical shutter to have a |ight-passage }jgattern corresponding to the
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employ the holider 14, for example, as a circuit base which

can hold both the light-emitting porticon 13 and the circuit
of the light-emission drive 15. Further, it is possible to
improve the ability to reproduce illumination light at the
same intensity by storing a detection value from a sensor or
the amount of power needed for supplying the desired
illumination intensity.

The light-emission control portion 17 is equipped with
a control knob and a switch or the like for regulating the
illumination intensity and for turning the light-emitting
portion 13 ON or OFF, and based on the operations of such
knob and switch, the light-emission control portion 17
controls the light-emission drive 15.

Further, it is also possible to arrange a moving mask
plate (not shown in Fig. 3) between the lens 11 and the
light-emitting portion 13. .In this case, the moving mask
plate is fixed to the moving stage 23 so as to move together
with the light-emitting portion 13 and is provided with an
aperture or pinhole to allow the 1light from the light-—
emitting portion 13 or only a portion of the'light therefrom
to reach the lens 11. In this way, it is possible to create
a sharper illuminating angle for the illumination light
which shines on the observation portion 3a of the object 3.

Now, in the above construction, the lighting apparatus
1 is arranged such that optical .axis of the lens 11 forms an
angle & with respect to the normal of the observation
portion 3a, with the camera being arranged in the path of
the reflected light rays. As shown by the broken lines in
the drawing, when the light-emitting portion 13 is



formed on substrates which have optical characteristics that cause a high
diffusion for illumnation light in a prescribed direction. In
particular, exanples include patterns such as circuits and letters and
the Iike formed on sem conductor wafers, glass substrates for liquid
crystals, ceramc materials, and resin~sfostrates. In this regard, by
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field and the ray of dark field and this makes it possible
to carry out even easier observations.

Also, by turning the knob 37, it is possible to change
the position of the light—emitting portion 13 along the
optical axis of the lens 11. In this regard, when the
light-emitting portion 13 is positioned near the lens 11,
the 1light exiting the lens 11 will diverge, and if the
light-emitting portion 13 is positioned at the focal point
of the 1lens 11, the 1light exiting the lens 11 will be
parallel. Further, if the light-emitting portion 13 is
moved away from the lens past such focal point, the light
exiting the lens 11 will converge.

As described above, by changing the position of the
light-emitting portion 13 it becomes possible to change the
illuminating angle and the illuminating angle distribution,
and this makes it possible to obtain images having an even
higher contrast by carrying out adjustments while viewing
the display device 9.

After adjustments, the:image signal from the camera 5
is inputted into the image”processing device 7, where the
image is identified using well-known methods, and then the
readout results are displayed by the display device 9. In
this way, by changing the object 3, it is pgssible to read
out the identification marks on observation portions 3a of
any number of objects 3.

Although the ball screw 25 was described in the above
embodiment as being arranged parallel to the focal plane of
the lens 11, it is also possible for the ball screw 25 to be



In this way, it becomes possible to carry out an optimum illumnation in
accordance wth the optical characteristics of the object 3. Now, in
the case where there are | ar ge irregularities in t he opti cal

characteristics of the object 3 due to irregularities and the |Iike during
t he manufacturing process, it may not -beé4pessible to carry out a proper
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enbodi ment e@fbodiment above, and it is also possible for the lighting
apparatus to be constructed so that the light-emitting
portion is able to move in three axial directioms. In this
way, it is possible to obtain an even wider range of
illuminating angles and an even wider range of convergent or
divergent illumination.

In the present embodiment, because the light-emitting
portion 13 can be moved in directions that are parallel and
perpendicular to the optical axis of the lens 11, thére is
little loss in the quantity of light which shines intoc the
lens 11. For example, iflphe light-emitting portion 13
undergoes & pivotal type of @qvément instead of the parallel
movement described for the present embodiment, the 1light
sent toward the lens 11 will change directions and this will
result in a decrease in the amount of light entering the
lens 11. In particular, because the space between the
light-emitting portion 13 and the lens 11 is generally
covered by a hood, as described hereinbelow, if the light-—
emitting portion 13 undergoes a pivotal movement, the ratio
of light scattered by the hood will increase, resulting in a
reduction of the light entering the lens 11. In contrast
with this, in the present embodiment there is very little
loss in the amount of light entering the lens 11, and it is
possible to change the illuminating angle. Namely, it is
preferred that the light-emitting portion be capable of
parallel movement, as shown in Fig. 3. In this respect, the
embodiments shown in Figs. 4, 5, 8, 8, 10 are able to

achieve the same results.



t he present invention. Fig. 8 is an outline drawing of a fifth

enbodi nent of the present invention. Fig. 9 is an outline drawing of a
si xt h enbodi nent of - 10 - the present

i nventi on. Fig. 10 is an outline dr a})vm ng of a seventh enbodi ment of
the present invention. Fig. 11 i s~ a~drawi ng show ng exanpl e patterns

of transparent pgrtions of_ the ti utter. Fi.g,,12 is a draw ng
showi ng anot her €%4 FE’pﬁY?%rﬁgngﬁfgﬂgga?%ﬁ?w%o??i%ﬂg BF YRES oPEPdars
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Wth reference to thé drawi ngs, descriptlons ) (
accordi ng tePRRErPEeLeR; | ntiton ¥4 | |lalso possible to wuse a piezo

actuator, voice coil actuator, an air cylinder or the like,
or a rotational actuator. '

Furthermore, even though it 1is not shown in the
drawings, it is also possibie ‘for the entire apparatus,
excluding the illumination .side of the lens 11, to be
covered by a hood to prevent interference from outside
light.

Second Embodiment

Fig. 4 shows a lighting apparatus according to a second
embodiment of the present invention. In this embodiment,
the object 3 is arranged perpendicular to the optical axis
of the lens 11, and this corresponds to the principle shown
in Fig. 2. As shown in Fig. .4, those elements that perform
the same function as the elements described above for the
first embodiment are indicated by the same reference
numerals.

However, this embodiment uses a half-mirror 41 which is
arranged between the light—emitting portion 13 and the
convex lens 11 at an angle of 45 degrees with respect to the
optical axis of the lens 11,

In the construction shown in Fig. 4, the light which
reflects off the object 3 is reflected by the half-mirror 41
into the camera lens 4, whereby an image is displayed on a
display device 9. Now, if the knob 29 is turned, the holder
14 is moved in a horizontal direction, and this makes it
possible to achieve a bright field illumination or a dark
field illumination, and in accordance with the optical
characteristics of the object 3, it is possible to obtain a
high contrast image by adjusting the position of the light—
emitting portion 13.

With the present embodiment, because the light



now be gi ven. Fi rst Enbodi nent Fig. 3 shows a lighting apparatus 1
I n accordance with the first enbodi nent of the present invention, in which
the lighting apparatus is enployed in a readi ng apparatus for readi ng out
the identification marks on top of a substrate. As shown in Fig. 3, an
object 3 (a sem conductor wafer or the- U6i ke) has I dentification marks

provided on __an observation portion 3 hereof, .and the light fromthe
|ighting apSdr&cted WPRhtERAI 0O oGt 3 #?gi‘a‘ﬁ%ertgﬁt i1 r'??%’ﬂ iR e
refl ected whposfitem dhtedt i@e] edti ritsd posaiela $ovieoms tanet aal ensnphetl nage

i nformation.fromth ra b is inputted into an image processi ng device
7, which p?égégégé §€§%§§ﬁ Srmation and out puts processed i mage signals (or

unprocessed signals) to a display device 9, such as a CRT or the liKke,

whi ch disp&ﬁxgdiﬁﬁgﬁﬁigé%&d_on such processed i mage signals. The

lighting a ui pped with an optical element conprised of a
thin convex lens 11, a light-emtting portion 13 which is freely novable in

the vicinity of pike f506@ aROicRt 19het B2 akv@Rg bhowinghle eHiTe @hubdidfenktd for

of a lighting apparatus according to the present invention.
In this embodiment a holder 141 holds a plurality of light-
emitting portions 131 (three portions are shown in the
drawing), and light emission is carried out by switching
between the light-emitting pqrtions 131. The positional
relationship between the light-emitting portions 131, lens
11, object 3 and camera lens 4 is the same as that shown in
Fig. 3. L

In this embodiment, a iight—emission drive 151 carries
out switching operations between the light-emitting portions
131, and based on instructions from a light—emission control
portion 171, each of the light-emitting portions 131 is
switched ON or OFF and the intensity of the light emitted
therefrom is regulated. In this connection, even though the
drawing shows the light-emission drive 151 to be located
apart from the holder 141, it is also possible for the
holder 141 to act as a circuit substrate which holds the
light-emitting portions 131 and the light-emission drive
151. '

The light—emission control portion 171 is equipped with
controls and switches for switching each of the light-
emitting portions 131 ON or OFF and for regulating the
intensity of light emitted therefrom, and by opérating these
controls and switches it is possible to control the light-
emission drive 151, B

For the light-emitting portions 131, it is possible to
use an arrangement of individual lamps or LEDs or a
collective arrangement of light-emitting elements such as a
lamp array, LED array or plasma display. In other words, it

is possible to use any arrangement of light-emitting



- 11 - driving the light-emtting portion 13, and a |ight-em ssion control
portion 17 for controlling the light-em ssion drive 15. As for the
positional arrangenent of the light-emtting portion 13, it does not
necessarily have to be in the vicinity of the focal point of the |lens 11.
The lens 11 is held by a | ens holder ¥1l@hich is fixed to a base 21 of

the |[ighti at us The, 1ight- j1ting portion 13 is provided on
a noving sté;g%ﬁ% %/iéagalﬁr(%%daesr ]151,1%/\/%3 S?Jﬁtgi?m‘l\’ﬁ %@gest%%% lzbg%gi% 132 8Med
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knob 37 for cantrolling the position_of the noving stage 31, whereby the
li ght - eni t th &P PAERi ot s 27 tHeMpYdd i n ¥ example,” if the middle
light-emitting portion 131 of Fig. 5 is selected, & bright

field illumination will take place (as shown by the solid
line in Fig. 5), and if the right end light-emitting portion
131 is selected, a dark field illumination will take place
(as shown by the broken line in Fig. 5). In this way, a
switching operation makes it easy to change the illuminating
angle, whereby it becomes possible to quickly find the most
appropriate illuminating angle for illuminating the
observation portion 3a.

In this connection, the number of light-emitting
portions 131 is not limited to three elements. Further, it
is possible to use the light-emitting portions either one
at a time or in combinations of two or more. In this
regard, by increasing the.nuﬁbef of light-emitting portions
or the number of combinations of light-emitting portions
which emit light at the same time, it becomes possible to
illuminate the observatioﬁ -portion 3a at various
illuminating angles, and because it takes very little time
to carry out such switching operations, it becomes possible
to quickly find the most appropriate illumination.

Further, the arrangement of light-emitting portions 131
is not limited to the arrangement shown in Fig. 5. For
example, instead of the aﬁrangement along a single axis
shown in Fig. 5, it is possible to use a random arrangement
of light-emitting portions, or it is possible to arrange the

light-emitting portions along the optical axis or an axis



direction of the optical axis. Now, 1in the above construction, the
novi ng stages 23, 31 can be noved by operating the control knobs 29, 37,
respectively. However, in place of such control knobs 29, 37, it is also
possible to utilize a notor, a notor drive and a notor controller to
control the positions of the noving stabfes 23, 31. As for the
light-emtting portion 13, it is possible to utilize well-known |anps such
as xenon | anps aﬁdahahﬁgﬁﬂghaﬁWSth Fewpuet, tbhene bﬁtleaneakﬁbction as to

the type of I|ight urce %e used or_the.l ti ortlon
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the light-portiong poxd i tine 13nandsihyg off cthé light emitted therefrom
for observing &a predetermined object 3 are stored in =a
memory portion 176 of a microcomputer, with a microcomputer
I/0 portion 174 being connected to an ON/OFF switch portion
172 of a light-emission control portion via relays,
transistors and the like. Further, a D/A converter 175 is
connected to a light—quantity regulating portion 173 of the
light-emission control portion, and in accordance with
instructions from an operator control portion 178 of the
microcomputer, it is possibie to select one o¢of several
patterns appropriate for caffying out observations.

Furthermore, by providing an automatic conveying device

for conveying the objects 3; by connecting the automatic
conveying device and the camera 5 to an image processing
device via the I1/0 portion 174, and by providing an external
synchronization for the image processing device, it becomes
possible to construct an automatic observation system. For
example, upon receiving a signal indicating that the object
3 has reached a prescribed position, the microcomputer can
run one of many programs stored in the memory portion 176 to
illuminate the object 3 at a prescribed illuminating angle
and illuminating angle distribution. Then, upon receiving
an instruction signal from the image processing device
indicating that the identification marks of the object 3
have been read out, the microcomputer can terminate the
reading operation and instruct the automatic conveyer to

convey the next object.

Fourth Embodiment




of the light-em ssion drive 15. Further, it is possible to inprove the

ability to reproduce illumnation light at the sane intensity by storing a
detection value froma sensor or the anount of power needed for supplying
the desired illumnation intensity. The |ight-em ssion control portion

17 is equipped with a control knob and ng&witch or the like for regul ating
the illumnation.intensity and for 1.ng t Jj ght-em tlng r|Qn 13
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drawi ng, m%ﬁtl?ﬂealPPéhPh%nt?’t’$ ofopasnophica) sfiber bundle 43 is

a shutter portion 51 which has a shutter that is controlled
by a shutter drive 53 to open or close the fiber light path.
The light-emission control portion 55 is connected to the
light-emission drive 49 and the shutter drive 53 in order to
control the ON/OFF operations of the light-emitting portion
132 and the open/close operations of the shutter.

In the lighting apparatus of the present embodiment,
with the lens 11 arranged so-that its optical axis is placed
at an angle 6 with respect to the normal of the observation
portion 3a, and by arranging an observer’s eye or a camera 5
at a position along the optical axis of the lighting
apparatus at the side for receiving light reflected from the
observation portion 3a, the observation portion 3a can be
illuminated at a prescribed illuminating angle in accordance
with the position of each light-emitting portion 132, and
this makes it possible to carry out observations with the
naked eye or a display device 8. Further, by operating the
light-emission control portion 55, each of the light-
emitting portions 132 can be switched ON or OFF, and this
makes it possible to carry out illumination with the light-
emitting portions 132 either separately or in one of severél
combinations with each other. In this way, it possible to
observe the observation portion 3a at different illuminating
angles.

In the present embodiment, because the light-emitting

portions 132 are arranged along 8 line which is



- 13 - positioned along the optical axis of the lens 11, a bright field

illumnnation exists. |f the knob 29 is turned, the light-emtting portion
13 noves along the ball screw 25, thereby changing the illunmnation froma
bright field illumnation to a dark fielgd illum nation. At this tine,

because the ray of bright field is generally strong with respect to the ray
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it possibl g5l reBt &y 4 MRS, NaYd Nga 8, C¥EM ight scattered by the hood
will increase, and this can also result in a reduction in
the amount of light which enters the lens 11. Accordingly,
like the embodiment shown in Fig. 7, it is preferred that
the light-emitting portions 132 be arranged parallel to the
lens 11 Dbecause the ‘reduction in the amount of 1light
entering the lens 11 is sméll_for parallel movement of a
light source. Furthermore, if the end of an optical fiber
bundle undergoes pivotal movement, it is possible for the
bundle to break at a specific portion which bears a 1load.
In response to this problem, in the present embodiment the
ends of the optical fiber bundles are fixed in place so that
they do not undergo any movement, and this eliminates the
risk that a bundle might break.

Furthermore, it is possible to eliminate the shutter
portions 51 from the embodiment shown in Fig. 7, and in
their place arrange a light-emitting element at the light—
receiving end of each optical fiber bundle 43, and then by
switching such light-emitting elements ON or OFF, it is
possible to switch each of the light-emitting portions 132
ON or OFF.

Fifth Embodiment

Fig. 8 shows a fifth embodiment of a lighting apparatus
in accordance with the present invention. This embodiment

is essentially a combination of the first embodiment (Fig.



hi gher contrast by carrying out adjustnments while view ng the display

devi ce 9. After adjustnents, the imge signal fromthe canera 5 is
inputted into the image processing device 7, where the image is identified
usi ng wel | -known net hods, and then the readout results are displayed by the
di splay device 9. In this way, by changing t he object 3, it is possible to
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case, when™PHe FRGFy ey Rtber |%1‘?f¥ﬁfé*cﬁ ‘?fleth?gﬁf‘eﬁﬁpﬁhe@l‘?ioﬁé@e&ﬁ it
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rot at abl e I|antén¢mB|ngbodpmen¢opf Fi8. Byriilteisppesstilpd el itghtehamiget i ng
portion 13¢h§ @qtlulm'ﬂﬂatt(:i‘iixgt %ﬂgl\éewtsé?i%ﬁé’mo@é“ 8 41 £8abiAAT 1 o8S oYes

described in th
the llght—emlttlng portions 131, and because the position of
the light-emitting portions 131 can be changed by moving the
moving stage 23, it is possible to carry out even finer

adjustments on the illuminating angle.

Sixth Embodiment

Fig. 9 shows a sixth embodiment of a lighting apparatus
according to the present invention. In this embodiment of a
lighting apparatus, a convex lens 11 is supported by a lens
holder 19 which is fixed to a base 21. The base 21 is
connected to a stage frame 61 which is provided with a ball
screw 62, and provided on the ball screw 62 is a moving
stage 65 which is freely movable. The moving stage B85 is
moved with respect to the stage frame 61 by operating a
stage position adjustment knob 63. Fixed to the moving
stage 65 is a mask plate 67 which has an aperture portion
67a formed in at least one -location for allowing light to
pass therethrough. Further, the mask plate 67 is arranged
in the vicinity of the front focal point of the lens 11.
Provided at an upper portion of the base 21 is a light-
emitting portion holder 69 which holds a plurality of light-
emitting portions 71. Provided on the base 21 at a position
in front of the light-emitting portions 71 is a diffusion
plate 73 for diffusing the light emitted from the light-
emitting portions 71. The .light-emitting portions 71 and
the diffusion plate 73 may comprise any construction that
allows a surface illumination to be carried out. In this

connection, even though the diffusion plate 73 is not an



enbodi mrent above, and it is also possible for the lighting apparatus to be
constructed so that the light-emtting portion is able to nove in three
axial directions. In this way, it is possible to obtain an even w der range
of illum nating angles and an even w der_range of convergent or divergent
i1l um nation. In the present enmbodi“fent, because t he light-emtting
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achi eve t hehsamrensesidl tss arranged so that 1ts optical axis is placeq
at an angle 8 with respect to the normal of the observation™
portion 3a, and an observer’s eye or a camera 5 is arranged
at a position along the optical axis of the 1lighting
apparatus at the side for receiving light reflected from the
ocbservation portion 3a. The light from the light-emitting
portions 71 enters the lens 11 after passing through the
diffusion plate 73 and the aperture portion &7a. If the
knob 63 is operated to move the moving stage 65, the
aperture portion 67a will be moved within the focal plane of
the lens 11. Namely, if the aperture portion 67a is aligned
with the optical axis of the lens 11, the light which eiits
the lens 11 will be parallel, and this will result in a
bright field illumination (as shown by the so0lid line in
Fig. 9), and if the aperture portion 67a is positioned away
from the optical axis, the observation portion 3a will be
illuminated at a different illuminating angle in accordance
with the distance of the aperture portion 67a from the
optical axis, and this will result in a dark field
illumination (as shown by the broken line in Fig. 9).

In this connection, by"forming two or more aperture
portions 67a in the mask plate 87, it is possible to
illuminate the observation portion 3a at a combination of
illuminating angles and thereby achieve &an even more
appropriate illumination. Further, it is also possible to

make the mask plate 67 movable along the optical axis of the



- 15 - Further, even though ball screws 25 and 33 were used in the
present enbodi nent for respectively noving the noving stages 23, 31, the
present invention is not limted to such construction, and it is also
possible to use a piezo actuator, voice coil actuator, an air cylinder or
the like, or a rotational actuator. - 23Furt hernore, even though it is not
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shows a | i ghurnmegl sgpatiaft flesr eadtc draiatg drs .a second enbodi nent of the present
I nventi on. In this enbodinent, the object 3 is arranged perpendicular to
the optical axis of the Iens 11, and this corresponds to the principle

shown in FiSgventh Bmbgdimentn Fig. 4, those elenents that performthe sanme

function as the el enents descri bed above for the first enbodi nent are

i ndi cated by the same reference ] ) .
Fig. 10 shows a seventh embodiment of a lighting

apparatus according to the present invention. In this
embodiment, the mask plate of Fig. 9 is replaced by a
optical shutter. As for the other elements of the present
embodiment, the elements.tha;_arg the same as those shown in
Fig. 9 will be indicated by the same reference numerals.

Provided between the lens 11 and the diffusion plate 73
is an optical shutter 81 whicﬁ-ié fixed to the base 21. The
optical shutter 81 is an optical element such as LCDs, PLZTs
or the like comprising transference electrodes with a
specific material provided between such electrodes, and when
electrical energy such as a voltage potential is supplied or
interrupted to at least one specified space between the
electrodes, the material . lying therebetween becomes
transparent or opagque. In this connection, a optical
shutter drive 83 1is provided to supply or interrupt
electrical energy to specific electrodes of the optical
shutter 81 in order to .create transparent or opaque
portions. Further, an optical shutter control portion 84 is
provided to instruect the optical shutter drive 83 to create
specific transparent and opaque portions in the optical
shutter 81.

In this embodiment it is- also possible to employ a
plurality of stacked shutters 81 to create an even better
ability to block out light. In this way, by preventing light
from leaking from the 1light blocking portions of the
shutters 81, it becomes possible to obtain an even higher
contrast when illuminating the observation portion 3a.

Now, in the case where an LCD is used for the shutter
81, it is necessary toc use a polar screen with the LCD.

Then, by providing one more polar screen at the observation



nuner al s. However, this enbodi nent uses a half-mrror 41 which is
arranged between the light-emtting portion 13 and the convex lens 11 at an
angl e of 45 degrees with respect to the optical axis of the lens 11.

In the construction shown in Fig. 4, the light which reflects off the
object 3 is reflected by the hal f-nmirrcdd® 21 into the camera |ens 4, wher eby

an image is. di splLayed op. I spl Vi ge 1.t 1 he 9 i rned,
t he hol deréllcgé i geﬁ%\iéd (?ln aéjtjh ri %ngg‘long’l r%&:t Pg%l daénrﬁffht hlfgggmk%esdllst'a“
possi bl e tabsetvenes a dxdight iti dhecdneinieastyi oho orcar war kult| epglarized

il lum nati gy epn@eioh N accordance with the optical characteristics of
the object 3, it is_possible to obtain a high contrast inage b}‘/ adj usting
the position ofl®héhe; gebodimert nghour: ivh Fig. 10y epehpgt b‘r‘&ééﬁ%
enbodi nentgledhacnuse fitd® tditd base 21 in order to fix the position 16 -
reflectedfromtthe ob 0 I ght _path in the opposi

direction,*#§7§% 'posg%l fge%S];BlBLg?gaf:P%gleco & gt ng*Bppa h%ﬁ%%ng
apparatus where illumination light exits the lens 11, it is
possible to cover the entire lighting apparatus with a hood
to eliminate the effects of outside light.

In the lighting apparatus of the present embodiment,
with the lens 11 arranged so that its optical axis is placed
at an angle 6 with respect to the normal of the observation
portion 3a, and by arranging an observer’s eye or a camera 5
at a position along the optical axis of the lighting
apparatus at the side for receiving light reflected from the
observation portion 3a, the observation portion 3a can be
illuminated at a prescribed illuminating angle in accordance
with a created transparent bdrtion of the optical shutter
81, and this makes it possible to carry out observations.

Further, by operating the optical shutter control
portion 84 to create two or more transparent poriions in the
optical shutter 81, it 1is possible to illuminate the
observation portion 3a at &a combination of illuminating
angles and thereby achieve an even more appropriate
illuminaﬁion. Furthermore, it 1is possible to create a
plurality of transparent portions having different shapes at
various prescribed locations of the optical shutter 81.

In this connection, Figs. 11(a) - 11{(1) show {(in half-
tone dot form) example patterns of a transparent portion 8la
of the shutter 81, These patterns can be stored in a
pattern memory portion provided in the shutter control
portion 84 and then, when a prescribed pattern is needed,
the pattern of the shutter 81 can be switched between such
stored patterns by the use of pattern switching signals.

At this point, it should be mentioned that it is not
necessary for all of the elements within the transparent

portions 81 shown in Fig. 11 to be transparent. For



Third Enbodi nent Fig. 5is an outline drawing showing a third
enbodi nent of a |lighting apparatus according to the present invention. In
this enbodi mrent a hol der 141 holds a plurality of light- emtting portions
131 (three portions are shown in the drawing), and light em ssion is
carried out by switching between the +ti2§ht-emitting portions 131. The
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gquantity of light shining along the optical axis than that
shining in other directions, in addition to being able to
reduce the quantity of such 1light by adjusting the
brightness of the 1light source, it is also possible to
reduce the guantity of such light by adjusting the degree of
transparency of the elements of the transparent portions
8lb, 8lc shown in Fig. 12.

Now, in the embodiment described above, each element of
the shutter 81 is basicaliy designed to be in either one of
two states, namely a transparent state and an opaque state.
However, by constructing the shutter 81 with elements that
can be controlled to adjust the amount of light that can
pass therethrough, it becomes possible control the amqunt of
light that passes through each of such elements, and this
makes it possible to finely adjust the amount of light that
passes through the shutter 81.-'-

Thus, by the use of pattern switching signals, the
above—-described patterns can instantly be switched to match
the optical characteristics of the object being observed.
As a result, there is no 'need to move or exchange a mask
plate like that shown in Fig. 8, and this makes it possible
to achieve an even greater observation efficiency.

Now, in the case where a plurality of transparent
portions are formed in the shutter 81, the position of the
light source changes in accordance with the size of such

transparent portions. For example, when the transparent



use an arrangenent of individual |anps or LEDs or a collective arrangenent
of light-emtting elenents such as a lanp array, LED array or plasm
display. In other words, it is possible to use any arrangenent of
light-emtting - 17 - elenents so |ong
as it is possible to use the |ight- em sA%n drive 151 and the
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Further, even though the optical shutter 81 and lens 11
are fixed in the embodiment shown in Fig. 10, by mounting
the optical shutter 81 together with lens 11 or diffusion
plate 73 on a moving stage which can move along at least one
axis of movement, for example, along the optical axis of the

~lens 11, it becomes pdssible to create divergent, convergent
and parallel light rays. '

Furthermore, it is also ©possible to  utilize a
commercially used liquid crystal projector in the
construction of the present embodiment. In this case, the
optical shutter 81 is positioned in the vicinity of the
focal point of the lens 11 in order to illuminate the
observation portion 3a with roughly parallel 1light rays.
Further, the optical shutter- is not 1limited to 'the
electrical—type optical shuffef.describéd above, and it is

also possible to use a mechanical shutter or the like.

Eighth Embodiment

Fig. 13 is a perspective view of a main portion of a
bar code labelling apparatus which utilizes a lighting
apparatus according to the present invention. In the bar
code labelling apparatus shown in Fig. 13, the
identification marks on a semiconductor wafer are read out,
and then a bar code corresponding to such identification
marks is applied to a ring frame or tape described
hereinbelow.

As shown 1in Fig. 13, a semiconductor wafer 75 |is



angl e, whereby it becomes possible to quickly find the nobst appropriate
I1lum nating angle for I1lumnating the observation portion 3a.
In this connection, the nunber of light-emtting portions 131 is not
limted to three elenents. Further, it is possible to use the
light-emtting portions either one at _asgimme or in conbinations of

or

nor e.
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The "work” is housed within a supply cassette 81, and
the ring frames 79 are mounted one at a time onto a stage 83
by a chuck arm or the like of a conveying device (not shown
in the drawing). Further, the stage 83 has pins 83a
provided at prescribed locations so as to mate with the
notches 78a of the ring frame 78. Furthermore, formed in
the vertical direction in the stage 83 is a plurality of
small holes which communicate with a suction device, and by
activating such suction device after the "work" has reached
a prescribed position on the stage 83, it is possible to use
the suction force generated thereby to fix the "work” to the
stage 83. Further, such suction reduces warping and the
like for the wafer 75.

The stage 83 is provided on an X-Y motion device which
is equipped with a rotation device to enable the stage 83 to
be rotated about its center. This rotation device is not
limited to any specific range of rotation, and it is
possible, for example, for the rotation device to rotate 90°
at a time to the four angular positions 0°, 90°, 180° and
270°. . o

Now, after the stage 83 has moved the "work" mounted
thereon to a position for reading with a CCD camera 5, the
identification marks 75a are read out. In this connection,
Fig. 13 further shows an illumination box 85 which holds an
illumination apparatus according to any one of the above-—
described first through seventh embodiments of the present
invention. Namely, the illumination apparatus inside the
illumination box 85 is adjusted to. select an appropriate
illuminating angle and illﬁminating angle distribution in

order to obtain an illumination that will create a high
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that is at an angle wth respect to the optical axis. Furt her nore,
whil e the operations of the light-em ssion control portion 171 nay be
carried out manually, it is also possible for such operations to be
perfornmed automatically by enploying a mcroconputer or the Ilike. An
exanpl e construction of such a case is ghown by the block diagram of Fig.
6, in whicht eapr rlate ern of ht emttl ortjons and the
intensity &PYHE téﬁetnc eg%i%er@rer“t}rh &2 dﬁ’é’er\ﬂa%d‘p gjseadetaé} ntg'be
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speed thermal printer or the like provided in the bar code
printing device 87, with the bar code label 89 being issued
from an issuance port 87a. A bar code affixing vacuum chuck
93 then uses suction to hold the printed surface of the
issued bar code label. For +this purpose, the bar code
affixing vacuum chuck 93 is -connected to a vacuum suction
hose 83a. Then, the "work"” is sent to a bar code label
affixing position (i.e., the position of the printing device
87 in this example) where the bar code label 89 is affixed
to a prescribed position on the dicing tape 77 or ring frame
78 by operating a drive device 91 to drive the bar code
affixing vacuum chuck 83. In this connection, the bar code
label affixing position can be adjusted by either rotating
the stage 83 with the rotation device or moving it with the
X~-Y motion device.

After the bar code label has been affixed, a bar code
reader 95 is driven and the affixed label is read out, with
the rcsults thereof being compared with the results from the
image processing device 7 to see if the two results match
each other, and if they do not match, the above process is
repeated to issue and affix another bar code ‘label.

Once & match is confirmed, the "work"” is conveyed to
the housing cassette 97 and housed therein. Alternatively,



have been read out, the m croconputer can term nate the readi ng operation

and instruct the automati c conveyer to convey the next object. Fourth
Enbodi ment - 19 - Fig. 7 shows a
fourth enbodi ment of a lighting apparatus according to the present

I nventi on. In the present enbodi neatz9 Hight-emtting portions 132 enpl oy
end porti oggeofiirileasly obe 2BLhEakal itBCTLHHIGH £ fia { | LEBE1yOWdciG 1
elenent). In the exanple shown in Fig. t hree I g i ng portions
132 are us8d. (aFhshopnghy. dket PF‘ﬁé‘eﬁoPF‘F‘éh’slﬂ}Bflar el Dxed to a

l'i ght -eni ssion pertiwyid! deke 45abakd-HBEcoEBER ey Of cddle ORhbealr ihigher
bundl es 43 are connect, d to a I| qﬁWen1tt|n el emrent 47 which is operated
by a |I|ighRPP 8ﬁFg§F0n driisy POFS E A =/F t°u%.a%p%EFPPEtFBCEFPSﬁsélong

the | engthfotr eachiveptingl tideidbundifécdBion amsikd t @n peehieondlhcwhdirch
has a shut at; by ut t dr 25 49 Ppen or cl gse the
§§&e¥E LF#% QQ 8@&5@ UB %E QJ eé% é%f tion mg Fed PO t he

fiber 1ight ght -em ssi on coht Fo) por T8 Yonhat
| i ght - eni s’s’Péﬁrér el @%nbllsfhehshat beendmead 38111 rbnor@lerecbwn visual

observation or by a reading device, and because reading
devices generally lead to higher costs, such costs make it
difficult to arrange a reading device for use at each
manufacturing step. Thus, with regards to automatization of
the processing steps for manufacturing semiconductor wafers,
it has been extremely difficult up to now to achieve an
automatic reading.

In this connection, by using a bar code affixing
apparatus like the one described above, it becomes possible
to easily read out identification marks of semiconductor
wafers by converting such identification marks into bar
codes, and this in turn makes it possible to plan for
automatization of later processes. For example, it becomes
possible to carry out CIM (Computer Integrated
Manufacturing) for the assembly process, construct a mapping
system for managing each wafer IC, construct a system for
managing wafer lot information, ete., and this results in a
wide improvement in productivity. Further, by providing the
lighting apparatus according to the present invention in a
bar code labelling apparatus like the one described'above,
it is possible to prov1de the most appropriate 111um1nat10n
for semiconductor wafers, and the use of such lighting
apparatus makes it possible to accurately read out the
identification marks on the wafers. Of course, the above-
described bar code labelling apparatus is not limitgd to use
for semiconductor wafers, and it is possible to use such bar
code labelling apparatus for converting patterns and marks
read out from insulation substrates, such as glass, ceramic
and the like, into bar codes.

The lighting apparatus according to the present



control the OV OFF operations of the light-emtting portion 132 and the
open/ cl ose operations of the shutter. I'n the lighting apparatus of the
present enbodinent, with the lens 11 arranged so that its optical axis is
placed at an angle [err] with respect to the normal of the observation
portion 3a, and by arranging an observer's eye or a camera 5 at a position
along the optical axis of the lighting #pparatus at the side for receiving
i ght refl énvedtiioom ise mdoserMatiitenl pont i aae3aint hm:obwaxeat lebeparinigon 3a

can be ill a SGLI [ I p_.accordance th
the positi ggbg?hgggﬁg ‘ﬁ{&aegnnct ﬁg%é%%?ﬁs’l%% hgg rrlg legal 5#5& bl e
to carry oh%gBBSESvaﬂpﬁﬁgaWEh ohe Fhkedramendy armemlagn ddwi ce 9wide

Further, Wa@?@tﬁtbﬂgabﬁﬁrhtggésem @éboaxaﬁméol 190£& Fﬁaséﬁblsafarothéhe
l'i ght - emi)t ?}5()”'0”8 32 can be sw tched his makes it

possi bl e t & o BPPAF RSN BCCOR AiPEn tt°netbr‘1 gfh‘fes%ffﬁ i%‘i“ﬁﬁnbbﬁ'ﬁl bAsPe32
ei ther sepasadielyn Ochiatraeierof readengl Ly dnidamns Wattfte&axChm@hbﬁhng| n

' ;B! b he ob ti 3a . at ff t
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- 20 - illuminate an object so that information can be read out
based on illumination light which either passes through the
object or is reflected therefrom.

In general, the 1ightiné- apparatus according to the
present invention makes it possible to easily carry out fine
adjustments of the illuminating angle and the illuminating
angle distribution. In other words, the present invention
makes it possible to easily create a plurality of
illuminating angles, and create divergent, convergent and
parallel illumination light. As a result, in addition to
greatly eliminating the troublesome adjustments required for
the optical systems of prior art observation apparatuses in
order to deal with dispersion of optical characteristics and
the like arising during the manufacturing process and the
like of +the observation object, the 1lighting apparatus
according to the present invention also makes it possible to
easily establish the most appropriate illumination
conditions for illuminating the cbservation object.
Furthermore, even in the case where it is difficult tb carry
out an observation under one observation condition due to a
large dispersion in the- optical characteristics of the
observation object, by examining a plurality of illumination
conditions in advance, it is possible to easily switch
between such illumination conditions with very little effort
required by an operator.

Further, in order to change the illuminating angle with
prior art 1lighting apparatuses, many elements have to be
adjusted, such as the light-emitting portion, optical

system, object, camera and the like. However, with the



perpendi cular to the optical axis of the lens 11, there is very little
reduction in the amount of light which enters the lens 11 when sw tching
fromone light-emtting portion 132 to another. As was expl ai ned
above for the first enbodinent, if the end of an optical fiber bundle
undergoes a pivotal novenment, such pivotal novenent can cause the |ight
which is directed toward the lens 11 todlchange direction, and this can
result in nigetuagi onabpat-EEuam)uaf of thé ght ppbsefit ent enisehibbohens the
Furt her t b en t ht tt| Ftdy 2 nd | ens
11 is cove}Ie%Jl %anpﬁggd P‘{ e r& o#‘g g’ﬁ{g s¢q te?%d '}f%eéd?hg d WIIP

i ncrease, iathdwmsgcaheallslcglﬂesamtttlwaa peduten oneapd tmmMmtsmenhght
which entefgnthe LePsidd: &chéfl}ngéélllg,lgﬁdt&@l di ment shown in Fig. 7,
it is preferred that th e? ht-emtting portions 132 be arranged parall el
to the lens 11 %%E&%S%rth‘éyr%%‘é%ﬁlbﬁgl?ﬁ? helghbimg 2PPRTYRES chERPTAGNENe
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elenment at the light- receiving end of each optical fiber bundle 43, and

then by sWethivg %%Eﬂu’f'?gﬁ’f‘”%n‘?t‘f?‘qﬁff% ements ON or OFF, it is possible to
switch each of the light-emtting portions 132



ON or ' I ment Fig. 8 shows a fifth enbodi nent of a
l'ighti %MHB{[ g uE cordance with the present invention. This
enbodi L [ y a conbination of the first enbodi nent (Fig.

- 21 - 3) and the third enbodinent (Fig. 5). Nanely, the
arrangenment of three light-enmtting porti3dns 131 shown in Fig. 5is

provi ded ongihe PRVENATRERIEs23 shown in Fig. 3. Now, since the other

el enents of " the present enbodi nent are the sane as those shown in Figs. 3
and 5, they are indicated by the sanme reference nunerals. Wth the
enbodi nent pf Fig. 8ighting pPeppaladulo Gangs thmidddirnatdamg spgéet by
sel ecting one or. a. conbination of the light-emtting portions 131, and
because the*YRTtFbHEbf the Iight-emitting portions 131 can be changed by
novi ng the novi ng bigige-@Bitiing aneassj ble to carry out even finer

adj ust nents on té}‘? &Lyggpaéi&ge@@’glgnd

a moving means for moving the light-emitting means with

respect to the optical element in order to change the

illuminating angle.

2. The lighting apparatus of Claim 1, wherein the moving
means is capable of movement in a direction that is parallel

to the focal plane of the optical element.

3. A lighting apparatus for illuminating an object,
comprising:

an optical element; and

a plurality of light—emitting means located at
different positions with respect to the optical element, the
light emitting means being selectively activated to emit
light.

4. The lighting apparatus of Claim 1, wherein the moving
means is capable of movement along at least one axis.

5. The lighting apparatus of Claim 4, wherein the light-
emitting means comprises a plurality of light-emitting

portions.

6. The lighting apparatus of Claim 5, further comprising a
selecting means for selecting one or more light-emitting

porticn to be activated to emit light.

7. The lighting apparatus of Claim 1, wherein the light-
emitting means comprises light-emitting end portions of

light—guiding elements.
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I_men hows a sixth enbodi nent of a lighting
appar zﬂnﬂuﬁﬂg’m li””!’Lt he present I nvention. In this enbodi nent of a
l'i ghti onvex lens 11 is supported by a | ens hol der 19 which
is fixed to a base 21. The base 21 i s connected to a stage frame 61 which
Is provided with a ball screw 62, and pravi-ded on the ball screw 62 is a
novi ng stage 65 which is freely novable. The noving stage 65 is noved with
respect to &he stBige flagbtétgbyapperatung afst &3eimpoSi,t i ovheath st neime
knob 63, Rxeh 10, NE MO ShAGR 10 | e Skl 2Les0T M Cledinity

aperture port|0n6a ormed In at |least one location for alTowing lig to
pass ther etSfbRAT t 190 tHerl 1%%%%&%‘“@7‘?% arranged in the vicinity
of the front focal point of the lens 11. Provided at an upper portion of

of 11 gt - o ti TR porEREREE, PERRRRGHACE fo 1P s obe 8t Ra oty T1&HET n

front of thenititghtgs emeltisng lpaorarnmgé'd He-athe f Visiodtyl ad® ERef ofront
di ffusing the Ji ghty amdd ed d ciﬂmht ld i @enem tting portions 71. The

light-emtting portions 71 an |ffu5|on plate 73 may conprise any
construction that allows a surface illumnation to be carried out. |In this

connect i on,jevermrddouih ¢ it ddddis il RIRi] adsh 135 MMerdin the plurality
of light—-emitting means is arranged in the vicinity of the

front focal plane of the optical element.

11. A 1lighting apparatus for illuminating an object,
comprising: )

a light—-emitting means;"

an optical element;

a mask plate including at least one aperture portion,
the mask plate being arranged between the light-emitting
means and the optical element; and

a moving means for moving the mask plate with respect
to the optical element in order to change the illuminating

angle.

12. A 1lighting apparatus for illuminating an object,
comprising:

a light-emitting means;

an optical element;

an optical shutter arranged between the light-emitting
means and the optical element; and

a drive means for driving the optical shutter.

13. A method of reading information from an object by
illuminating the object with an lighting apparatus having a
light-emitting means, an optical element and a means for
changing the illuminating angle or the illuminating angle
distribution, comprising the steps of:

illuminating the object with illumination 1light from
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- 22 - ntial elenent, by arranging the diffusion plate 73 between the
IlghtH,ﬂmﬂHmﬁ’m 71 and the mask plate 67 to carry out surface

il lum na o’ lﬁmsi ble to avoid having to nake adjustnents for the
relationship bef'wekn t he light-emtting portions 71 and the aperture
portion 67a. The light-emtting portions 71 are operated by a light-
em ssion drive 151, and a |ight-em ssignygontrol portion 171 is connected
to the drive 151 to control the OV OFF sw tching operations of the
l'ight-em ttgm POFH-61ei veli dndhdgnadj ust the intensity of light emtted

t herefrom In the lighti,ng appar.atus of the present. enbodi nent, the
lens 11 is arrark ’stbgthg? i"t'%od‘%{’)’l%éé’ln a3k stﬁ’g ﬂ%a?c?é:cf a‘Paﬁ‘ﬁgaﬁ@‘l g’[%tﬁ]

Wi th respecthitah thes roirtied r gfadsesi diiserugit itdre pdrieain da,beand et lodrsterd/er ' s
eye or a cgl HAds. arranged at a position along the optical axis of the
|'i ghting apparatus at the side for receiving light reflected fromthe
observation portion 3a. The light fromthe light-emtting portions 71
enters the lens 11 after passing through the diffusion plate 73 and the
aperture portion 67a. If the knob 63 is operated to nove the noving stage
65, the aperture portion 67a will be noved within the focal plane of the
lens 11. Nanely, if the aperture portion 67a is aligned wth the optical
axis of the lens 11, the light which exits the lens 11 will be parallel,
and this will result in a



bright field illumnation (as shown by the solid line in Fig. 9), and if
the aperture portion 67a is positioned away fromthe optical axis, the
observation portion 3a will be illumnated at a different illum nating
angle in accordance with the distance of the aperture portion 67a fromthe
optical axis, and this will result in a dark field illum nation (as shown
by the broken line in Fig. 9). I 1 hi s connection, by -formng two or
nore aperture portions 67a in the nhéﬁ Blate 67, it is possible to

illum nate the observation portion 3a at a conbination of illum nating
angl es and thereby achi eve an even nore appropriate illum nation. Further,
it is also possible to make the mask plate 67 novabl e al ong the opti cal
axi s of the - 23 - lens 11.
Furthernore, it is possible to switch between a plurality of mask pl ates
havi ng apertures of various size or fornmed at different |ocations.

Sevent h Enbodi nent

y

FIG. 1
N




Fig. 10 shows a seventh enbodi ment of a lighting apparatus according to
the present invention. In this enbodinent, the mask plate of Fig. 9 is
repl aced by a optical shutter. As for the other elenments of the present
enbodi nent, the elenents that are the sane as those shown in Fig. 9 wll be
i ndi cated by the same reference nunerals. Provi ded between the |lens 11
and the diffusion plate 73 is an of2i€aly shutter 81 which is fixed to the
base 21. The optical shutter 81 is an optical elenent such as LCDs, PLZTs
or the like conprising transference electrodes with a specific materi al
provi ded between such el ectrodes, and when el ectrical energy such as a

vol tage potential is supplied or interrupted to at |east one specified
space between the el ectrodes, the material 1ying t her ebet ween

beconmes transparent or opaque. In this connection, a optical shutter
drive 83 is provided to supply or interrupt electrical energy to specific
el ectrodes of the optical shutter 81 in order to create transparent

or opaque portions. Further, an optical shutter control portion 84 is
provided to instruct the optical shutter drive 83 to create specific
transparent and opaque portions in the optical shutter 81. In this
enbodi nent it is also possible to enploy a plurality of stacked shutters
81 to create an even better gpility to block out light. In this way, by
preventing light fromlmaki ng2fromthe |ight blocking portions of the
shutters 81, it beco i Lo nhfann an even hi gher contrast when
illum nating the obse in the case where an LCD

U
is used for the shutte i3t |s n essar to use a polar screen with the
LCD. Then, by providin rep sc e at the observation
Y . \T /)\\N
- \
N / 1{-
(j )
E &
1 ’ O)
: < © {
§
',




- 24 - side (e.g., directly in front of the canera lens 4 or an observer's
eye), it becones easy to carry out polarized observation. In the
enbodi ment shown in Fig. 10, each structural elenment is fixed to the base
21 in order to fix the position thereof, and except for the portion of the

|'i ghting apparatus where illumnation light exits the lens 11, it is
possible to cover the entire lighti8g/qgparatus with a hood to elimnate
the effects of outside light. In the lighting apparatus of the present

enbodi ment, with the lens 11 arranged so that its optical axis is placed at
an angle [err] with respect to the normal of the observation portion 3a,
and by arrangi ng an observer's eye or a canera 5 at a position along the
optical axis of the lighting apparatusgat=ttre~gi de for receiving |ight
reflected fromthe observation portion BaQZthe observation portion 3a can
be illum nated at a prescribedf ~R{ g W@npl e in accordance with a
created transparent portion of {the opt] ¢alidsBufter 81, and this makes it
possi ble to carry out observatifons. < r@hé’r‘, by operating the optical
shutter control 0O
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portion 84 to create two or nore transparent portions in the optical

shutter 81, it is possible to illum nnate the observation portion 3a at a
conbination of illum nating angl es and thereby achi eve an even nore
appropriate illumnation. Furthernore, it 1is possible to create a
plurality of transparent portions having different shapes at vari ous
prescribed | ocations of the optical 6h ter In this connection,
Figs. 11(a) - 11(l) show (in half-4t g dot forn) exanpl e patterns of a

transparent portion 8la of the shutter 81. These patterns can be
stored in a pattern nenory portion provided in the shutter control portion
84 and then, when a prescribed pattern is needed, the pattern of the
shutter 81 can be switched between such stored patterns by the use of
pattern switching signals. At this point, it should be nentioned that
it is not necessary for all of the elenents within the transparent portions
81 shown in Fig. 11 to anspar ent . For

- 25 exanple, Fig. 12 shows e enbodi nents of the pattern shown in
Fig. 11(f), in which the ano gy that passes through the shutter is
controlled by having only a (e.g., 50% of the elements 80 within
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transparent portion of the shutter 81 becone transparent, as shown by the
transparent portions 81b, 81c of Fig. 12. As another option, it is

possi ble to change the degree of transparency of the elenents 80 in
accordance with their relative position within the transparent portion.
Further, in the case where there is too nuch brightness when carrying out
an observation due to a much Iargfr ?gantity of light shining along the
optical axis than that shining in ﬁg directions, in addition to being
able to reduce the quantity of such |ight by adjusting the brightness of
the light source, it is also possible to reduce the quantity of such |ight
by adjusting the degree of transparency of the elenents of the transparent
portions 81b, 81c shown in Fig. 12. Now, in the enbodi nent descri bed
above, each elenent of the shutter 81 is basically designed to be in either
one of two states, nanmely a transparent state and an opaque state. However,
by constructing the shutter 81 with elenents that can be controlled to

adj ust the anount of |ight that can pass therethrough, it becones possible
control the anmount of |ight that passes through each of such el enents, and
this makes it possible to finely adjust the anobunt of |ight that passes

t hrough the shutter 81. Ts, by the use of pattern switching signals,
t he above-described patter pn._j nstantly be switched to natch the opti cal
characteristics of the obj 4 iNlg observed. As a result, there is no need

to nove or exchang?_a_aask g i ke that shown in Fig. 9, and this nakes
it possible to achjeyeah ¢

iat- bser vation efficiency. Now, in
the case where a p %ag y pj)spar 2 por {j ons are formed in the
shutter 81, the posighign] of /
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| i ght source changes in accordance with the size of such transparent
portions. For exanple, when the transparent

- 26 - portionis as snall as a pin hole, the |ight source is positioned
at the position of the shutter 81, and when the transparent portion is

| arge, the light source is positioned at the position of the diffusion
plate 73. In this regard, because t?xtfhanges in the position of the |ight
source can make it difficult to ad? he illum nation angle of the |ight
shining on an observation object, it is preferred that the distance "d"
(see Fig. 10) between the diffusion plate 73 and the shutter 81 be as snal
as possi bl e. Further, even though the optical shutter 81 and lens 11

are fixed in the enbodi ment shown i 10, by, mounting the optica
shutter 81 together with lens 11 o ififwgi on pl ate 73 on a novi ng stage
whi ch can nove along at |east one é% novenent, for exanple, along the
optical axis of the lens 11, itﬁhgx Hdssi bl e{to create divergent,
convergent and parallel light rays CRurtherpore, it is also
possi bl e to wutilize acom*rercmﬁ'g@sed I cnunJ‘.id crystal proj ect or
in the -
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construction of the present enbodinent. |In this case, the optical shutter
8l is positioned in the vicinity of the focal point of the lens 11 in

order to illumnate the observation portion 3a with roughly parallel
light rays. Further, the optical shutter is not Ilimted to the

el ectrical -type optical shutter described above, and it is also possible to
use a nmechanical shutter or the Ii?e. Ei ght h Enbodi nment Fig. 13 is
a perspective view of a main porti r/1*3a.bar code | abel | i ng appar at us

which utilizes a lighting apparatus according to the present invention.

In the bar code | abelling apparatus shown I n Fi g. 13, t he

i dentification marks on a sem conductor wafer are read out, and then a bar
code corresponding to such identification marks is applied to a ring frane
or tape described herei nbel ow. As shown in Fig. 13, a sem conductor
wafer 75 is - 27 -
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nmounted on top of a dicing tape 77, with a circunferential portion of the
dicing tape 77 being adhered to a ring frame 79 for supporting wafers
(Her ei nbel ow, these elenments will be referred to as a "work™). Further,
identification marks are provided on the sem conductor wafer 75, and
notches 79a are forned at two preﬁqpﬁﬁﬁd | ocations in an outer portion of
the ring frame 79. The "work™ “i's housed within a supply cassette 81,
and the ring franes 79 are nounted one at a time onto a stage 83 by a chuck
armor the |ike of a conveying device (not shown in the draw ng).

Further, the stage 83 has pins 83a provided at prescribed |ocations
so as to mate with the notches 79a of the ring franme 79. Furthernore,
formed in the vertical direction in the stage 83 is a plurality of small

hol es whi ch communicate with a suction device, and by activating such
suction device after the "work" has reached a prescribed position on the
stage 83, it is possible to use the suction force generated thereby to fix
the "work" to the stage 83. Further, such suction reduces warping and the
li ke for the wafer 75. The stage 83 is provided on an X-Y notion
device which is equipped witff’a rotation device to enable the stage 83 to
be rotated about its cent js rotation device is not limted to any
specific range of rotatio t is possible, for exanple, for the
rotation device t e jme to the four angul ar positions

O[err], 90, 180[ekr ) Now, after the stage 83 has noved
the "work" nounte 3OS t'orv‘eadi ng with a CCD canera 5,
%

)
PO
the identificatio 3 a are read_ s 7% 1n this connection, Fig. 13
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further shows anil%%%? ati on box 85 hol ds an
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illum nation apparatus according to any one of the above- described first
t hrough seventh enbodi nents of the present invention. Nanely, the

illum nation apparatus inside the illumnation box 85 is adjusted to

sel ect an appropriate illumnating angle and illum nating angle
distribution in order to obtain an?bngnination that will create a high

- 28 - contrast between the identifi'cation marks 75a and the surroundi ng
portions thereof. At this time, iif the identification narks 75a are
not in the proper position for reading with the canmera 5, it is possible
to adjust the position of the stage 83 by either rotating it with the
rotation device or noving it with the X-Y notion device. Now, after
the illumnation light reflects off the wafer 75 and enters the CCD
canera 5, the canera 5 outputs inmage signals to an i mage processing device
7 for reading characters, and this enables the identification marks 75a to
be read out. Then, the readout results are sent to a bar code printing

devi ce 87, wher§ a Ba} code is printed in accordance wth t he r eadout
results (i.e},& Othe identification marks 75a) onto a bar code |abel 89
by a high speed %%%Ewal printeg’or the like provided in the bar code
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printing device 87, with the bar code | abel 89 being issued from an

i ssuance port 87a. A bar code affixing vacuum chuck 93 then uses suction
to hold the printed surface of the issued bar code |abel. For this
purpose, the bar code affixing vacuum chuck 93 is connected to a vacuum
suction hose 93a. Then, the "work i ent to a bar code | abel affixing
position (i.e., the position of the“%(?ﬁfing device 87 in this exanple)
where the bar code | abel 89 is affixed to a prescribed position on the
dicing tape 77 or ring frame 79 by operating a drive device 91 to drive the

bar code affixing vacuum chuck 93. In this connection, the bar code | abel
af fi xing position can be adjusted by either rotating the stage 83 wth the
rotation device or noving it with the X-Y notion devi ce. After the bar

code | abel has been affixed, a bar code reader 95 is driven and the affixed
| abel is read out, with the results thereof being conpared with the results
fromthe image processing device 7 to see if the two results match each
other, and if they do not match, the above process is repeated to issue and
af fi x anot her bar code | abel. Once a match is confirmed, the "work" is
conveyed to the housing cassette 97 and housed therein. Alternatively,
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- 29 - the "work"
shown by the broken arrowin Fig. 13).
bar code | abelling apparatus, it

may be returned to the original

supply cassette 81 (as
By using the above-descri bed

is possible to carry out an automatic

process for converting the identification nmarks on sem conductor wafers

into bar codes. Up to now,

identification marks on wafers and the |i ke

have been read out by direction vifrgw}ybservation or by a reading device,
y

and because readi ng devi ces genera

ead to higher costs,

such costs make

it difficult to arrange a reading device for use at each manufacturing

step. Thus,
manuf acturi ng sem conduct or wafers,
now t o achi eve an autonmatic readi ng.

bar code affixing apparatus |like the one described above,
identification marks of sem conductor wafers by
converting such identification marks into bar codes,
it possible to plan for automatization of
Cl M

possible to easily read out

becones possi bl e to carry out
Manuf acturing) for the assenbly process,
managi ng each wafer

information, etc., a
Further, by providing
invention in a bar cd
it is-possible to pr
sem conductor wafers

I C, construct a system for

|+ng Bpparatu
| Host} appr opr

with regards to automatization of the processing steps for
it has been extrenely difficult up to

In this connection, by using a
it becones

and this in turn nmakes
| at er processes. For exanple, it
( Conput er I nt egr at ed

construct a mapping system for
managi ng wafer | ot

| de i ffprovenent in productivity.

(g)
(k)

FIG.11
81a

(b)

(f)
(i)

(a)
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identification marks on the wafers. O course, the above- described bar
code | abelling apparatus is not limted to use for sem conductor wafers,
and it is possible to use such bar code | abelling apparatus for converting
patterns and marks read out frominsul ation substrates, such as gl ass,
ceramc and the like, into bar codes. The |ighting apparatus according
to the present 12/13 - 30 - invention is not
limted to use in bar code |abelling apparatuses, and it is generally
possible to utilize the lighting apparatus of the present invention in a
wi de variety of apparatuses. For exanple, it is possible for the lighting
appar atus according to the presedFlcﬁybﬁhion to be used in character
readi ng apparatuses, pattern neasuring apparatuses, and other recognition
apparatuses and neasuri ng apparatuses, in which the lighting apparatus is

used to illum nate an object so that information can be read out based on
illumnation |ight which either passes through the object or is reflected
t herefrom In general, the lighting apparatus according to the

present invention makes it possible to easily carry out fine
80
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adjustnents of the illum nating angle and the illum nating angle
distribution. In other words, the present invention nakes it possible to
easily create a plurality of illum nating angles, and create divergent,
convergent and parallel illumnation light. As a result, in addition to
greatly elimnating the troubl eso ﬁ%ustnents required for the optical
systens of prior art observation ggﬁi tuses in order to deal with

di spersion of optical characteristics and the like arising during the

manuf acturing process and the |ike of the observation object, the lighting
apparatus according to the present invention also makes it possible to
easily establish t he nost appropriate i1lumnation conditions for
illumnating the observation object. Furthernore, even in the case
where it is difficult to carry out an observati on under one observation
condition due to a large dispersion in the optical characteristics of
t he observation object, by examning a plurality of illum nation conditions
in advance, it is possible to easily Bwitch between such illunination
conditions with very little®ffort reguired/by an operator. Furt her,
in order to change the illu g—eigte, Vit h prior art lighting
appar at uses, nmany el enents ha % such as the_light-emtting
portion, optical system obj i kepa AtOWHver, wth
t he prd
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- 31 - lighting apparatus of the present I nventi on, t he
i1lumnating angle and the |ike can be changed by only adjusting the
light-emtting portion, and such adjustnments can be carried out very easily
and qui ckly. Mor eover, by conbining the lighting apparatus according to
the present invention with an aut omapsgrraefiveyi ng devi ce for conveying
observation objects, it is possible TO €asily create an automatic
observation apparatus, and it isLEFEINGPAPERRAEIS 0 use various. recognition
devi ces or neasuring devices, such as a character reading device or pattern
measuring devige,, . ' L0GCEeSSk evi whi C r i tputs
froma canera. A ll%%tei%é %%%r%t%% Et ‘Z \é"%?'eé‘z 1%I;&\?‘QH%?‘ fa%%%f’él%ﬁg%qos:
1. A | itglati rigs agplvetusaxierisi htuainnanaie Grwibb) eespecdnppi dibey:
a light-egitija19 JB28S: observation portion 3a (e.g., a semiconductor

substrate or the like), with a camera 5 arranged in the path

of the reflected light rays. When a light-emitting portion
13 is arranged along the optical axis of the lens 11, a
bright field illumination takes place. If a knob 29 is
turned, the light-emitting portion 13 moves along a ball
screw 25, thereby changing the illumination from a bright
field illumination to a dark field illumination. When a
knob 37 1is turned, the 1light exiting the lens 11 will
diverge if the light-emitting portion 13 is moved close to
the lens 11, converge if the light-emitting portion 13 is
moved far away from the lens 11, and be parallel if the
light-emitting portion 13 is positioned at the focal point
of the lens 11. By changing the position of the light-
emitting portion 13 in this way, it is possible to change
the illuminating angle and the illuminating angle
distribution, and by adjusting the position of the light-
emitting portion 13 in accordance with the optical
characteristics of the object 3, it is possible to obtain a
nigh contrast image. It is &also possible for these
adjustments to be carried out automatically by using an

actuator, microcomputer or the like.

(Figure 3)



an optical elenment for directing the light toward sai d object a7 ¢

substantially parallel beans of |ight; and a novi ng neans for noving
the light-emtting neans with respect to the optical elenment in order to
change the illum nating angle. 2. The Iighting apparatus of C aim 1,

wherein the noving nmeans i s capabl e of venent in a diregtion t hat i
parallel to the focal plane of the opti2§EE§EE5EEBEE£;§9_j§§Eﬂﬁﬁﬂﬁ§§£i
apparatus for illumnating an PP' , conprising: an optical

el enent; and a plurality of *?g%t-enitting means | ocated at
different positions with respect to the optical elenent, the light emtting
nmeans being selectively activated to emt |ight. 4, The lighting
apparatus of Claim1l, wherein the noving neans is capabl e of novenent al ong
at | east one axis. 5. The lighting apparatus of Claim4, wherein the
light- emtting neans coanises a plurality of light--emtting portions.

6. The lighting apparatus of Caim5, further conprising a selecting neans
for selecting one or nore light-emtting

ihe sy
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portion to be activated to emt |ight. 7. The Iighting apparatus of
Claiml, wherein the light- emtting neans conprises light-emtting end
portions of |ight-guiding el enents. - 338 -
8. The lighting apparatus of Caim 3, wherein the plurality of
light-emtting nmeans conpri ses Iight-em’é@g u%lg!ig@{_the@eg{e !th{&&gﬁl di ng
el enent s. 9. The lighting apagr}t S —of ; |

emtting means is arranged int (il inity of the front focal plane of the
optical el enent. 10. The lighting apparatus of Caim3, wherein the
plurality of light-emtting neans is arranged in the vicinity of the front
focal plane of the optical ele 1. Alighting apparatus for

illum nating an object, mJFE]{G’é
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conpri si ng: a light-enmtting neans; an optical elenent;  ¥ing™e
mask plate including at | east one aperture portion, the mask plate being
arranged between the light-emtting neans and the optical elenents and

a nmovi ng neans for noving the mask pl-ai2- wi Raplacsment Sheet hé1 Febirgal 1999

el ement in ongeyT 118 CAIMED g:i || um nating angle 12. A lighting
apparatus for illumnating an object, conprising: alight-emtting
nmeans; an optical elenent; an optical shutter arranged between
the |ight-emit.ti ngA nebighting t hepgeates eferenillaméinating denveobgers ,f or
driving the QR&{%%' St ter. 13. A nethod of reading information from an

obj ect by i 1 150MPhati ng 't he object with an lighting apparatus having a

light-em ttiep dgﬁ%ﬁiﬁ é gemennas and a pean ngi ng .t

i | lumi nati ngf“‘%ﬁg &) ot al Mg gﬁ? ﬁ—gs{a“ma ofprd

steps of: Il lum'nating the qbj act wi t hrsa allx paraIIeI beans of
& moving means for moving the 11ght—em1 ting means with

light from
respect to the optical element in order to change the

illuminating angle.

2. The lighting apparatus of Claim 1, wherein the moving
means is capable of movement in a direction that is parallel
to the focal plane of the optical element.

3. A lighting apparatus for illuminating an object,
comprising: |

an optical element; and

a plurality of light-emitting means located at
different positions with respect to the optical element, the
light emitting means being selectively activated to emit
light.

4. The lighting apparatus of Claim 1, wherein the mobing
means is capable of movement along at least one axis.

5. The lighting apparatus of Claim 4, wherein the light-
-_ emitting means comprises a plurality of light-emitting

portions.

6. The lighting apparatus of Claim 5, further comprising a
selecting means for selecting one or more light-emitting
porticn to be acyivated to emit light.

7. The lighting apparatus of Claim 1, wherein the light-

emitting means comprises light-emitting end portions of

light—-guiding elements.

8



- 34 - the light-emtting neans; reading the information on the
obj ect based on |Iight which has either passed through the object or been

reflected therefrom
-33- Replacement Sheet - 11 February 1999

8. The lighting apparatus of Claim 3, wherein the

plurality of light-emitting means comprises light-emitting
end portions of light—guiding elements.

9. The lighting apparatus of Claim 1, wherein the light-
emitting . means is arranged in the vicinity of the front
focal plane of the optical element.

10. -The_lighting apparatus of Claim 3, wherein the plurality
of light—-emitting means is arranged in the vicinity of the
front focal plane of the optical element.

11. A lighting apparatus for illuminating an object,
comprising:

a light-emitting means;

an optical element;

a mask plate including at least one aperture portion,
the mask plate being arranged between the light-emitting
means and the optical element; and

a moving means for moving the mask plate with respect
to the optical element in order to change the illuminating

angle.

12. A 1lighting apparatus for illuminating an object,
comprising:
a light~emitting means;
-~ ~ an optical element;
an optical shutter arranged between the light-emitting
means and the optical element; and
a drive means for driving the optical shutter.

13. A method dJf reading information from an object by
illuminating the object with an lighting apparatus having a
light-emitting means, an optical element and a means for
changing the illuminating angle or the illuminating angle
distribution, comprising the'ﬁﬁigglﬁﬁj .
illuminating the object with[«i—l—-l-umiaa%«iea—---l-i—gh% %%%m



