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"TI-TLI?CF THE | NVENTI ON Cbservati on Apparatus 5 BACKGROUND OF THE | NVENTI ON
FIELD OF THE | NVENTI ON The present invention relates to an observation
apparatus; and in 10 particular to an observation apparatus for observing
patterns such as circuits and characteris formed in the surface or near the
surface of sem conductor wafers and insul ation substrates such as gl ass,
ceramc and the like. DESCRI PTION OF THE PRIOR ART 15 Up to now, during the
manuf act FFTREPOE SHEINVENTIONCct or integrated circuits, observat i on of
patterns such as nunbers, characters and circuits provided on tt@ecgurface
of sem conductor wafers (here| nafter referred to sinply as "vvafer"}mllqwd
crystal substrates, glass, ceranic or resin have 20 been carried out’ by
direct vi s@bsﬂrﬁﬁb@m"ﬁﬁﬂa@m%‘/the use of a camera or mcroscope. For

exanpl e, during the manufactuYing process, the identification cé@e gp?r/&vrded
on a wafer are read, and then a predeterm ned process is carried out in

accor dange, ik RN OF THIR INVERFFON
FIELD OF THE INVENTION

The present invention relates to an observation apparatus, and in
10 particular to an observation apparatus for observing patterns such as circuits
and characters formed in the surface or near the surface of semiconductor

wafers and insulation substrates such as glass, ceramic and the like.

DESCRIPTION OF THE PRIOR ART
15
Up to now, during the manufacturing process of semiconductor
integrated circuits, observation of patterns such as numbers, characters and
circuits provided on the surface of semiconductor wafers (hereinafter referred
“to simply as “wafer”), liquid crystal substrates, glass, ceramic or resin have

. 20 been carried out by direct visual inspection or by the use of a camera or

T mi:ér.gScppe. For example, during the manufacturing process, the
ideritf_fication code provided on a wafer are read, and then a predetermined
procesé" is carried out in accordance with such identification code.

25 ~ In observation devices known in the prior art, light source of a
fluorescent lamp, fiber optics illumination or a parallel light source through a
lens is used to illuminate an observation object in order to perform

observation.



25 I n observation devices known in the prior art, light source of a
fluorescent lanp, fiber optics illumnation or a parallel light source

t hrotigh aflens is used to illumnate an observation object in order to

per f or m observati on. 2 In this conn2ction, the present inventor

previ ously proposed (in Japanese Lai d-Open Patent Application No.

HEl - 8- 327554) an il lum nati on device for obtaining a high-contrast inmage,
in which light froma light 5 emtting portion is shone by neans of an
optical elenmept aonto an qbservation opject, with the |ight Itting portion
bei ng novabl elifhif coasgetion; the presept inventer Bresiously propesed dinmke i ¢
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5 emitting portion is shone by means of an optical element onto an observation
object, with the light emitting portion being movable with respect to the

optical element in order to make it possible to adjust the illumination angle of

the light shining onto the observation object.
10 SUMMARY OF THE INVENTION

With the invention described above, remarkable results were obtained
when the light emission portion was moved to obtain optimum illumination,
but it isn’t always clear which way the light emission portion should be

15 moved to obtain optimum illumination. Thus, it is an object of the present
invention to provide a light source arrangement which makes it easy to obtain

an optimum illumination.

In this connection, Fig. 1 shows the principle of the observation

20 apparatus according to the present invention for overcoming the problems
described above. As shown in this drawing, the observation apparatus
shines light from a light source through an optical element (converging lens
11) and onto an observation object 3a, and a light source portion 13 is
equipped with a first light-emitting body 13a, second light-emitting bodies

25  13b, third light-emitting bodies 13c and 13d and fourth light-emitting bodies
13e, and all these light-emitting bodies are arranged at or near the optical axis
11b of the converging lens 11 within a light source plane 110a arranged at or

near the front focal position of the converging lens 11.  Further, the light-



but it isn't always clear which way the |ight em ssion portion should be 15
nmoved to obtain optimumillum nation. Thus, it is an object of the present

i nvehtionito provide a |ight source arrangenent which nakes it easy to
obtain an optimumillumnation. In thid connection, Fig. 1 shows the
principle of the observation 20 apparatus according to the present
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bodi es agbsavi gl@@loagepjatfm%bj@hmgptical axis 11b of the converging | ens
11 within a light source plane 110a arranged at or near the front focal

posi td on of the converging lens 11. Further, the |ight- 3

If the light emitted from any one of the light-emitting bodies strikes the
observation object 3a at an incidence angle ¢ with respect to the optical axis
11b, then the incidence angle ¢ will become larger as the distance between the
light-emitting body and the optical axis 11b increases. In this regard, the

10 incidence angle ¢ is easily measured based on the focal point distance of the

converging lens 11 and the position of the light-emitting body.

The first light-emitting body 13a is arranged on the optical axis 11b,

and the second, third and fourth light-emitting bodies are arranged at

15  increasing distances away from the optical axis 11b in that respective order.
In this connection, Fig. 2 is a series of drawings showing the relationship
between light source images 14a ~ 14e of each of the light-emitting bodies
and the lighf-receiver portion 7a and the image of the observation object 3a
formed on the light-receiver portion7a. Namely, the light source images 14a,

20  14b, 14c, 14d and 14e correspond respectively to the light source images of
the light-emitting bodies 13a, 13b, 13c, 13d and 13e. In this regard, each of

the light-emitting bodies carries out the following illumination.

(1) In general, in bright field illumination, if the observation object 3a and
25  the observation plane were a plane mirror, the light from the light-emitting
body arranged on the optical axis of the converging lens would reflect off
such plane mirror and pass through an image-forming lens 17 at the light-

receiving side along a direction aligned with the optical axis of the image-



emtting bodies 13a ~ 13e are selectively activated to illumnnate the
observation object 3a, and the light reflected fromor passing through the
obsetrvatidn object is received by a light-receiving portion 7a to be used
in observing the observation object 3a4 5 If the light emtted fromany one
of the light-emtting bodies strikes the observation object 3a at an

i NCi ht h t t he .opti cal Is.11b, .then the
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15 increasing distances away fromthe optical axis 11b in that respective
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However, if there are slight irregularities on the wafer or resist, it is possible

for such irregularities to be observed as dark lines (image noise).
10
(2) By moving the light source to a position slightly away from the
optical axis without changing the state in which the light source image covers
the entire surface of the light-receiving portion, the present inventor
discovered that it is possible to eliminate the dark lines (image noise) due to
15  the above-mentioned irregularities. In the present invention, the second
light-emitting bodies 13b carry out this type of illumination, with a light
source image being formed as shown in Fig. 2B. In this way, there is also a
bright field illumination state in which the light source is positioned slightly
away from the optical axis, and it was confirmed that this type of illumination
20  makes it possible to eliminate image noise.  The incidence angle ¢ of this
illumination depends on many conditions of the optical system, but a value

around ¢ = 2° serves as a good example.

(3) The third light-emitting bodies 13c and 13d are positioned farther
25 away from the optical axis than the light-emitting bodies 13b, with the light-
emitting bodies 13d being positioned farther away from the optical axis than

the light-emitting bodies 13c, and the incidence angles of the light emitted

from the light-emitting bodies 13c and 13d cause their respective light source



20 14b, 14c, 14d and 14e correspond respectively to the light source

I mges of the light-emtting bodies 13a, 13b, 13c, 13d and 13e. In this
regard, each of the light-emtting bodies carries out the follow ng
illumnation. (1) In general, in brightbfield illumnnation, if the
observati on object 3a and 25 the observation plane were a plane mrror,
the light fromthe | tical ,axis of the
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referred to as “incomplete bright field illumination™; see Fig. 2C), and
illumination by the light-emitting bodies 13d involves light from the light
source not striking the observation object 3a (hereinafter referred to as
“incomplete dark field illumination”; see Fig. 2D). In this connection, either
10  of these types of illumination were not used in the prior art because they were
considered as incomplete illumination. However, the present inventor
confirmed that even with these types of incomplete illumination, it is possible
to obtain optimum contrast depending on the properties of the observation
object and the incidence angle from the light source. The incidence angle ¢
15 of these types of illumination depend on many conditions of the optical
system, but a value around ¢ = 5° serves as a good example for the case of
incomplete bright field illumination (light-emi_tting bodies 13c), and a value
around ¢ = 7° serves as a good example for the case of incomplete dark field
illumination (light-emitting bodies 13d).
20
(4) The fourth light-emitting bodies 13e are positioned farther away from
the optical axis than the light-emitting bodies 13d, and because the light
source image 14e doesn’t cover any of the light-receiving portion 7a (see Fig.
2E), the fourth light-emitting bodies 13e carry out a dark field illumination.
25  With this type of illumination, the background is dark and the character or
pattern portion appears bright. The incidence angle ¢ of this type of
illumination also depends on many conditions of the optical system, but a

value around ¢ = 10° serves as a good example.



generally be observed as dark forns in the shining Iight source inmage.
However, if there are slight irregularities on the wafer or resist, it is
possi'bl e for such irregularities to be observed as dark lines (inmage
noise). 10 (2) By noving the light sour@e to a position slightly away from
the optical axis without changing the state in which the |light source inage
covers the entire surface of the light-receiving portion, the present

i nventor discovered that it is possible to elinmnate the dark |lines (inage
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l'i ght  soghCéxdetlem®$iigh Uontrast ifAgey away fromthe optical axis, and it was
confirmed that this Type of illum nation 20 makes it possible to

el i m pate i nage noi se. The incidence angle [err] of this illum nation
depends on many conditions of the optical system but a value around [err]
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arrangement of light-emitting bodies may be used. Furthermore, it is

possible to use only the first, third and fourth light-emitting bodies or only the
10 third light-emitting bodies. Further, even thought the third arrangement of at

least one light-emitting body is described as having the two sets of light-

emitting bodies 13c and 134, it is possible to provide the third arrangement

with only a single set of light-emitting bodies.

15 As described above, by specifying the light source arrangement, it
becomes possible to reliably determine the optimum light source position, and
this makes it possible to easily obtain an excellent high-contrast image.

20 BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is an explanatory drawing showing the principle of the

observation apparatus of the present invention.

25 Figs. 2A to 2E are series of drawings showing the light source images

of the first through fourth light-emitting bodies.

Fig. 3 is a block diagram showing the structure of the observation



emtting bodies 13d being positioned farther away fromthe optical axis
than the light-emtting bodies 13c, and the incidence angles of the |ight
em tted fromthe light-emtting bodies 13c and 13d cause their respective

| i ght source 5 images 14c and 14d t@é cover only a partial portion of the
i ght-receiving portion 7a, as shown in Figs. 2C and 2D. As for the
difference between the illumnation of the light-emtting bodies 13c and
the |i gh®PR#¥S.ng bodi es 13d, it should be noted that illumination by the
light-emtting bodies 13c involves 5 light fromthe |light source striking
t he observation object 3a (hereinafter referred to as "inconplete bright

the observation obj ect 3a (he referred ncomp ete bri g
bodi es 130 | b BPvBeS PESRIOm Vg of R Unsereod Bbpafe. | o7 e

observation object 3a (hereinafter referred to as "inconplete dark field
illumnation”; see Fig. 2D). In this connection, either 10 of these types

of ilgdum nati Fm%m&;sarmawtiﬁgdhbwihgeh@mm epticalaystem ofthy obsesvativisi der ed
as inconplete illum nation. However, the present inventor

apparatus.
Figs. 6A and 6B are detailed views of the light source portion.
10 Fig. 7 is an exploded view of another example of a light source portion.
Fig. 8 is a drawing explaining the angle 6.

Fig. 9 is a drawing showing the optical path used by the first light-
15 emitting body.

Fig. 10 is a drawing showing the optical path used by the second light-

emitting bodies.

20 Fig. 11 is a drawing showing the optical path used by the third light-

emitting bodies for incomplete bright field illumination.
Fig. 12 is an optical path drawing explaining the use of a diaphragm.

25 Fig. 13 is a drawing showing the optical path used by the third light-

emitting bodies for incomplete dark field illumination.

Fig. 14 is a drawing showing the optical path used by the fourth light-



confirmed that even with these types of inconplete illumnation, it is
possi ble to obtain opti mumcontrast depending on the properties of the
obsetrvatipn object and the incidence angle fromthe |ight source. The

i nci dence angle [err] 15 of these typ®s of illunination depend on many
conditions of the optical system but a value around [err] =5 serves as a
good exanple.foq tEe case of inconplete bright field illumnation

(1i ght - eMRKHAG f®s 13c), and a value around [err] = 7[err] serves as a
good exanple for the case of inconplete dark field illumnation
(light-emtting bodies 13d). 20 (4) The fourth light-emtting bodies 13e

are positionedy; ra%/%y- sqﬁg,g, td | ' siIam tting
bodi es 13d, a?&kﬁggggsae em%irg t @gu@gedﬁ?n%é?éﬁggg‘ggxlﬁ% f(i:fgggggtgny of the
i ght-re%ﬁ{iﬂgmiég_on 7a (see Fig. 2E), the fourth light-emtting bodies
13e carry out dark field illumnation. 25 Wth this type of

I I lunmgnation, the background is dark and the character or pattern portion
appears bright. The incidence angle [err] of this type of illum nation also
depends on many conditions of the optical system but a value around [err]

= 10 d | e,
Lo RTATEED DESCRIPIION OF THE PREFERRED EMBODIMENTS

As shown in Fig. 3, an observation apparatus 1 is used to observe an

10 observation object 3a such as characters or patterns formed in a wafer 3.
Each of the structural elements of the observation apparatus 1 are housed in a
box 5, and a CCD camera 7 as image detection means, a half mirror 9 and
converging lens 11 are arranged from the top of the box S to the bottom. At
this point, it should be noted that the converging lens 11 functions both as a

15 lens for converging light emitted from a light source portion 13 and as an
objective lens arranged between the observation object 3a and a light-
receiving portion 7a when forming an image of the observation object 3a onto
the light-receiving portion 7a. The light source portion 13 is arranged at the
front focal point position of the converging lens 11, and light from the light

20 source portion 13 is reflected downward by the half mirror 9 and converged
by the converging lens 11 to shine onto the observation object 3a. Further,
the converging lens 11 has an optical axis 11b which passes through the half

mirror 9, and an optical axis 11a which is reflected by the half mirror 9.

25 The camera 7 is equipped with a diaphragm 15 and an image-forming
lens 17, and reflected light from the observation object 3a passes through the
half mirror 9, the image-forming lens 17 and the diaphragm 15 in this order,

and forms an image on the light-receiving portion 7a (such as a CCD element)



6 Further,

by selectively activating specific light-emtting bodi es anong

the plurality of light-emtting bodies described above, it is possible to
obtdin af excellent high-contrast image. 5 In the present invention, all
the light-enmitting bodies fromthe plality of light-emitting bodies may

be used,
bodi es ma
third anf

or only the first, second and fourth arrangenment of I|ight- em'tti
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bodies 13c and 13d, it is possible to provide the third arrangenent with

only a single set of Ii ght-emtti ng bodi es. 15 As descri bed above,
speci fyi ng t hezd sGNwnSIAURIZE 4211 Hddl@@@”?i ands23 iéiPféRhi ably
determine the optimumlight $o ce p05| ion, and’ this nmakes it possi bl e t

easily 0maﬁft}aarmngehiemtofﬂlgﬂ-mittmgﬂiodwagﬂth respect to the first through

fourth arrangements described below) are arranged around the converging

lens 11 and face toward the observation object 3a, in which the light-emitting

bodies 19 and 23 are each formed from three light-emitting elements (such as

LEDs), with the light-emitting body 21 being formed from one light-emitting

10 element. The direction in which the light-emitting elements face is set so as

to make the light from each of the light-emitting bodies shine onto the

observation object 3a. Further, the light from each of the light-emitting

bodies may shine onto the observation object 3a directly or through a diffuser

25 (see Fig. 3). This fifth arrangement of light-emitting bodies are used in

15 dark field illumination when carrying out illumination at a large incidence

angle (e.g., ¢ = 11°) so as to be impossible to pass through the converging
lens 11.

Next, Figs. 6A and 6B respectively show a side view and a cross-

20 sectional exploded view of the structure of the light source portion 13. As

shown in these drawings, the light source portion 13 is equipped with a first

light-emitting body 13a arranged at the focal point position of the converging

lens 11 on the optical axis 11a, a second light-emitting body 13b arranged in

the vicinity of the optical axis 11a to shine light toward the observation object

25 3a at an incidence angle which makes it possible for the image of the light

source to cover the entire surface of the light-receiving portion 7a, third light-

emitting bodies 13c, 13d arranged in the vicinity of the optical axis 11a to

shine light toward the observation object 3a at an incidence angle which

ng
ng
g
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20 BRI EF DESCRI PTION OF THE DRAWNGS Fig. 1 is an explanatory draw ng
showi ng the principle of the observation apparatus of the present

i nvention: 25 Figs. 2A to 2E are_series of draw ngs show ng the
li ght source images of the first throub® fourth light-enmtting bodies. Fig.
3 is a block diagram show ng the structure of the observation 7

apparatus. Fig, 4 is a bottomview of the observation apparatus. 5
Fig. 5 i gnakes #possikliedar the imagawiithe dight sousce tegover @ partialspestian ef
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object 3a at an incidence angle which makes it possible to avoid the image of
5 the light source from covering the light-receiving portion 7a. Further, the
light-emitting body 13a includes one light-emitting element positioned in the
center of the light source portion 13, and the second light-emitting body 13b
includes 8 light-emitting elements (shown in the drawings as 13b-A, 13b-B,
13b-C, 1.3b-D, 13b-E, 13b-F, 13b-G and 13b-H) arranged at 45° angular
10  spacings around the center-located first light-emitting body 13a. Similarly,
each of the third light-emitting bodies 13c, 13d includes eight light-emitting
elements arranged at 45° angular spacings around the second light-emitting
body 13b, and the fourth light-emitting body 13e includes eight light-emitting
elements arranged at 45° angular spacings around the third light-emitting
15 bodies 13c, 13d.

The power of the light-emitting bodies increases as the position moves
outward from the center. Namely, the power of the light-emitting bodies
increases with increasing distance from the optical axis 11a, and in this way it

20 becomes possible to prevent weakening of the light which illuminates the
observation object 3a. Further, because the illumination surface area
increases and the reflected light from the observation object becomes weaker
as the incidence angle increases, it is necessary to make the light emission
intensity of the light source stronger with increasing distance from the optical

25  axis, as described above. In this connection, even though the light-emitting
bodies are shown in Fig. 6 as increasing in size with increasing distance from
the center, the present embodiment is not limited to this structure, and it is

only necessary for the light-emitting bodies to have stronger emission



15 emtting body. Fig. 10 is a drawing show ng the optical path used by
the second |ight- emtting bodies. 20 Fig. 11 is a drawi ng show ng
the optigal path used by the third light- emtting bodies for inconplete
bright field illumnation. Fig. 12 is1an optical path draw ng expl aining

t he use of a diaphragm 25 Fig. 13 is a drawing show ng the opti cal
path used by the third light- emtting bodies for inconplete dark field

i | | uni nalftensities yvith Ancreasing distangesisom the eeniebpt i cal path used by the
fourth |ight- 8 emitting bodies. Fig. 15 is a drawi ng show ng the
optical path used by the fifth light- emtting bodies. 5 DETAILED

DESCRI PTI ON- Oy, THE t%ﬁﬁ%%%@f%%%v@% Fig. 6 are LEDs, and in general an

LED has some directional characteristics at around 90° or near with respect to
5 its optical axis (i.e., the 0° direction). Further, the tips of the light-emitting
bodies 13c ~ 13e are formed from resin so as to have a hemispherical
projectile shape in order to obtain a sharp peak near its 0° direction. Further,
because the light-emitting bodies 13a, 13b are arranged as close as possible to
the optical axis 11a, compact chip LEDs are used.
10
As shown in Fig. 6B, each of the light-emitting bodies is provided on a
circuit substrate 100, above which a plurality of light-blocking plates 29, a
diaphragm plate 31 and a diffuser 33 are stacked in that order and fixed in
place by screws or the like. Further, holes which enable the light-emitting
15  bodies to pass therethrough are formed in the light-blocking plates 29 at
positions corresponding to the light-emitting bodies, and by passing the light-
emitting bodies through these holes, the light-blocking plates 29 are stacked
thereon. Now, by blocking off light between adjacent light-emitting bodies,
the light-blocking plates 29 prevent the occurrence of false emission caused
20 by 90° directional light intruding into neighboring light-emitting bodies which
are not in a light-emitting state. In this regard, the number of plates used for
the light-blocking plates 29 is determined in accordance with the height of the
light-emitting bodies. Further, holes which are the same or slightly smaller
than the holes in the light-blocking plates 29 are formed in the diaphragm
25 plate 31 at positions corresponding to the light-emitting bodies, and by
controlling the size of these holes, it is possible to adjust the amount of light
directed toward the diffuser 33. Further, the position of the diffuser 33

forms the position of a light source surface 110a with respect to the



As shown in Fig. 3, an observation apparatus 1 is used to observe an 10
observation object 3a such as characters or patterns forned in a wafer 3.
Each, of the structural elenents of the observation apparatus 1 are housed
in a box 5, and a CCD canmera 7 as i mad@ detection neans, a half mirror 9
and converging lens 11 are arranged fromthe top of the box 5 to the
bottom At this (ii nt,.it should be noted that the converging lens 11
functi onEOB‘é@WgIQE &n§d1.| ens for converging light emitted froma Iight
source portion 13 and as an objective | ens arranged between the observation
object 3a and a light- receiving portion 7a when form ng an imge of the

obser vat | on olyiRcyifRRce i GO GHGGR aUIGH PRI WABIC RoleE gt sour ce

portion 13 is arranged at t ront focal point p&sition of t conver gi ng

lens 11, dpphragahpldte 30 éﬁ&lighgmoaﬁngqﬂutssezmdtiiﬁrcaéé wltereehkect ed
downward by thé half mrror and converged by the converging lens 11 to

shi nes onemissiendnsensityt 0dspedifiedigiteemittingtzodies hee twbegivenpréeedentt, has
an optical axis 1 I'b which passes through the half mrror 9, and an opti cal
axi s 1latlwhholes of sugh lightamittingybodigsfarginatoovereds Howevermpthisasea 7 i s

equi pped with a diaphragm 1 nd an i mage-formn ens 17, and reflected
light frERAYIRES 60D sk da tﬁs&ee&t%@&tlﬁf@@séfm . etk Seps Ohths bieghs, ¢ he
| ge- 1 og it $3Rids' o Catdind SRINRHbSSelohs'dY sk Sidovered light-

emitting bodies to be different from what they would be in the case where

10 they are covered by the diffuser 33.

Next, Fig. 7 gives a view of an example structure in which the diffuser
used in Fig. 6 is omitted. In this structure, the tip of each of the LEDs is
formed into a flat surface instead of a projectile shape. In this way, the peak

15 around the 0° direction disappears and the light-emitting bodies exhibit
directional characteristics over a wider angle, and this allows the light from
the light-emitting bodies to enter through the entire surface of the converging.
lens, whereby the light-emitting bodies appear roughly as a point light source
for the converging lens. Further, in the case where the height of the light-

20 emitting bodies (LEDs) are different from each other in this example, the
structure is arranged so that the light-emitting positions 60a ~ 60e of the light-
emitting bodies are positioned in the same plane. Namely, the light source
portion 43 is constructed from a substrate 45 mounted with the tallest light-
emitting bodies 43e, a substrate 47 mounted with intermediate height light-

25 emitting bodies 43¢ and 43d, a substrate 49 mounted with the shortest light-
emitting bodies 43a and 43b, a light-blocking plate 51 and a diaphragm plate
53 stacked in that order. Further, through-holes 45a are formed in the
substrate 45 to enable the lead wires of the light-emitting bodies 43c and 43d



and fornms an inmage on the light-receiving portion 7a (such as a CCD

el enent) 9 of the canera. Further, another diaphragm (the di aphragm 16
shown in*ig. 5 my be provided between the image-formng lens 17 and the
half mrror 9. As showmn in Fig. 4, lighHd-enmtting bodies 19, 21 and 23
(which form5 the fifth arrangenent of light-emtting bodies with respect

around t OWR] LRSI Eate 3 T4ApBdEroug e &F’%‘%ﬁé'@?&%@éﬁil‘é‘é&i&‘?ega, in
which th i ght-em tty bogli 19 d 23, hf t

[ ght - enfeldsraedotisd Sndtnbhcaatealite Vit binckme pletE and BRh ok 21
the 11 ghtoonir R s BeRindaRcorfinddifglB ndnadRrbe e fefheiiigg ool =0,
of the 'hﬁh‘byre;?hésiihmh@@i#g@ferﬁmiﬁg s tHidu h%%'t:helidleﬁ,_ 10l PessiBee tdur t her,

the light from each of t light-émtting bodies may shine onto the

obseryat stackdl] dedsedzledients tégether.t himtlgh waylithe plane formied at Higlight . This
fifth arrangement of Ii %ht -emtti ng bodi es are used in .
emission positions 60a ~ 60e of the light-emitting bodies forms the light
source surface 110a, and by aligning this light source surface 110a with the
focal plane of the converging lens 11, the light from the light-emitting bodies
roughly forms a point light source which makes it possible to illuminate the

10 observation object 3a with parallel rays of light.

The light-emitting bodies 13a ~ 13e are arranged along lines 10a ~ 10h
(see Fig. 6A) which intersect the optical axis 11a in the light source surface
110a arranged at or near the front focal point position of the converging lens
15 11. Now, by arranging the light-emitting bodies on lines which intersect the
optical axis, only light-emitting bodies effective for observation are arranged,
and this makes it possible to eliminate ineffectiveness. Consequently, this
makes it possible to reduce the size of the drive circuit for the light-emitting
bodies, and light emission control becomes relatively easy. A description

20 directed to these points will now be given below.

First, it should be noted that adjacent lines of the lines 10a ~ 10h
intersect each other at an angle of 45°. The meaning of this angular
intersection will be explained with reference to Fig. 8. Namely, in the

25  coordinate arrangement shown in Fig. 8, the configuration direction of the
observation object 3a forms the reference direction, the point of intersection
between the optical axis 11b of the optical system and the plane of the

observation object 3a forms the origin O, the line which extends out from the



15 dark field illumnation when carrying out illumnation at a | arge

I nci dence angle (e.qg., [err] 1l[err]) so as to be inpossible to pass

t hrough the converging lens 11. Next, Figs. 6A and 6B respectively show a
side view and a cross- 20 sectional &4ploded view of the structure of the
| i ght source portion 13. As shown in these draw ngs, the light source
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bodi es 13¢e rdpiésent, d vettéE whithorms4 R&ds&%cﬁahilg%nwﬂh% %1/{1;_:1@ to shine
light toward t he observation object 3a at ah i‘nci dence angle I ch 10

gglﬁals% int gfpgsa‘hhig theoobsdwationgsbjett 30€i.¢., di XPY(plahe).cwithre a parti al
representing the angle between the projection L’ and the X0 axis. Namely,
the angle 6 represents the angle of the incident light rays L with respect to the
configuration direction of the observation object 3a. The value of this angle
6 is extremely important in carrying out observations with the proper contrast.
10
Returning to Fig. 6 for further description, the line 10a is aligned with
the reference direction of the observation object 3a, and the angle 6 of the
illumination light from the light-emitting bodies on line 10a is 0°. Namely,
the light-emitting bodies 13b-A, 13c-A, 13d-A and 13e-A are all at 6 = 0°.
15  Further, the angle 6 of each of the lines 10b ~ 10h and a listing of their

respective light-emitting bodies arranged on the lines is given below:

Line 10b: 08=45° 13b-B, 13c-B, 13d-B and 13e-B
Line 10c: 6=90° 13b-C, 13¢-C, 13d-C and 13e-C
20 Line 10d: 6=135° 13b-D, 13c¢c-D, 13d-D and 13e-D
Line 10e: 6=180° 13b-E, 13c-E, 13d-E and 13e-E
Line 10f: 0=225° 13b-F, 13c-F, 13d-F and 13e-F
Line 10g: 08=270° 13b-G, 13¢-G, 13d-G and 13e-G
Line 10h: 6=315° 13b-H, 13c-H, 13d-H and 13e-H

25
It should be noted that the angle 6 is not limited to 45° and whole
number multiples thereof, and it is possible to use other angles. Further, the

optimum angle 8 value varies depending on the properties of the observation



the light-receiving portion 7a, and a fourth light-emtting body 13e
arranged in the vicinity of the optical axis 1la to shine |ight toward the
observati:on object 3a at an incidence angle which makes it possible to
avoid the image of 5 the light sourcd5from covering the |ight-receiving
portion 7a. Further, the light-emtting body 13a includes one
light-emtting enent positioned in the center of the_light, source portion
13, and ohiechecdivd axageplee When obsasying capuitRaticans ar fqrgﬁﬁ& ammafery

el ement s, (shown in the drawn as 13b-A .13k B, ,.13h- 13b- 13b-

Tab F eTe A i, SEaes BHERS e oigh Bition dirgid Sfahe SIRLI SERENS g e
center-| ' | .~ et i | aedl 4B the third
ot - erfeg g rififte dfrdctiof B the Wty Yadeih are dithododsl LR bHer I

arr angedgiich ¢4, theri9W RndeRa§ tAASstAoMy light BRifiAS TFen! theirft t 1 ng body
13b, andst e fourth Iight-enitt?ng bod¢ﬂ¥Sg includgs eight light-emtting

el ement spastennieebsrvédlators 087904, 4803 pmdd 270°, andursilighe shining from the
light-emtting 15 bodies 13c, 13d. The power of the |1 ght-emtting bodies

i ncr easeeirewittpatarnds obsarvas/atso eA3R 135y 225t ard 346 er In Khisstonnectionyower
of the light-emtting bodies increases with incyeasi n% di stance fromthe
optical Hxthe ¢ase whede characters\arg arrangsd o thesycpl PaleTR to Sepveas the

weakeni ngbgetrvta%%nl ét?jrétct %Q,I scentilnlgltﬂren arrlxagtlee at E)rl—-e45° and whole number multiples
thereof makes it easy to observe the observation pattern 3a without light

10  shining from the background circuit pattern.

Further, in the case where characters are formed on the wafer by a
plurality of thin-grooved 45° angle slanting lines, setting the angle only at 6 =
45° or 225° and at 6 = 135° or 315° is effective for observing these types of

15  characters, and in this case, illumination from the other light sources is
ineffective and a potential cause of image noise such as resist noise and the
like.

Now, with reference to Fig. 3, the light source portion 13 and the fifth
20 light-emitting bodies 19, 21 and 23 are controlled by a light-emission
controller 35. The light-emission controller 35 is constructed with a driver
35a and a group control portion 35b, with the driver 35a being used to control
the ON/OFF state and the emission intensity of each of the light-emitting
bodies. The group control portion 35b divides the light-emitting bodies that
25 make up the light source portion into groups and specifies the groups of light-
emitting bodies that should be used for illumination in accordance with the
observation object 3a. This will be described in more detail later. Further,

the light-emission controller 35 is controlled by a control device (such as a



observation object 3a. Further, because the illum nation surface area

I ncreases and the reflected light fromthe observati on object becones
weaker as the incidence angle increases, it is necessary to nmake the |ight
enm ssion intensity of the light sourcél@&tronger with increasing distance
fromthe optical 25 axis, as described above. In this connection, even
though the light-emtting bodies are shown in Fig. 6 as increasing in size
Wit h i nccemputgr)3? aadds equippecwithesystemstsuehaseare QCRsystémmamd i s not
limted to this structure, and it is only necess for the light-emtting
bodi es tpaﬁgmbx@spe&msm@su drurther, mggustg@@s\agﬁonh&heeﬁmga diag¥eance

fromthe ceter The |i ttin hown, i and in
gener ol disiered n < svuttior 5 an, aitpuitad 58 B¢ 28Rl devie £7.5 Saaeege; “or
near with_ its optical axis (i.e., the O direction). Further,
the ti pslwggﬁgs{)géﬁf&bmtti ng bodies 13c ~ 13e are fornmed fromresin so as
to haye a hem spherical projectile shape in order to obtain a sharp peak
near 1ts 0 direction. Further, because the light-emtting bodies 13a, 13b

are arranged Nest, Pigs.& ~N5shWwahe dptical paths for light from each of the
light-emitting bodies, and as shown in Fig. 9, the light from the light-emitting
body 13a forms a bright field illumination in which the image of the light
source covers the entire surface of the light-receiving portion 7a. As shown

10  in Fig. 10, the light from the light-emitting bodies 13b shines onto the
observation objeét 3a at a slight incidence angle ¢, and because the image of
the light source covers the entire surface of the light-receiving portion 7a, the
light-emitting bodies 13b carry out a bright field illumination similar to that of
the light-emitting body 13a. As shown in Fig. 11, the light from the light-

15 emitting bodies 13c shines onto the observation object 3a at a little larger
incidence angle, and because the image of the light source covers only a
portion of the light-receiving portion 7a, the light-emitting bodies 13c carry
out an incomplete bright field illumination. At this time, as shown in Fig. 12,
if the diaphragm 15 is closed so as to block off a portion of the light incident

20 on the light-receiving portion 7a, it becomes possible to carry out an
incomplete dark field illumination. Namely, by opening and closing the
diaphragm 15, it is possible to switch between a bright field illumination and
a dark field illumination. Further, Fig. 13 shows the incomplete dark field
illumination carried out by the light-emitting bodies 13d.

25 |

Fig. 14 shows the dark field illumination carried out by the light-
emitting bodies 13e, in which the image of the light source does not cover any

of the light-receiving portion 7a. Further, Fig. 15 shows the dark field



the optical axis 1la, conpact chip LEDs are used. 10 As shown in Fig. 6B,
each of the light-emtting bodies is provided on a circuit substrate 100,
above which a plurality of light-blocking plates 29, a diaphragmplate 31
and a diffuser 33 are stacked in that lorder and fixed in place by screws or
the like. Further, holes which enable the light-emtting 15 bodies to pass

e ot ANARGRATof Ry i e A REL AR B 39 aﬁif Be mndhis
e 11 nachaklSoh OUAR ERBERLESe LS 1 AabRSELRE BlPf3e 20, €

st acked ereon |ng 0 weern a ght-emtting

bodi es I %qpﬁ, %(‘?;W | se

em ssi onh}é}gsgelgatggg!@gkmc |n?tec$ht(2)ﬁaﬁ%ﬁtg 4 nt I n errgﬁtfgglér?fel ghbori ng
light-emtting bodies WhICh are not in a Ilght emtting state. In this
regard, the nunber of plates used for the |ight-blocking plates 29 is

det ergn ned i nNextpTabled shows & igeotpitaile storedhin theggroupnioritrolgpbitres .
Further, holes which_are the sane or slightly smaller than the holes in the
i ght - bl 38ki (sjopmuinFigdB)a eadisteresdin this gab quaaghhfagm (spclatas 13c-At

Phe. si zoshpwionauBis ast theligl-srfiing Bodlssairivaied Tir GHbusiowrand the
emission intensity (shown as index numbers in the table) for each of the light-
emitting bodies. This data may be stored in the ROM of the group control

10 portion 35b or inputted from the outside. = Thus, upon receiving instructions
| from the control device 37, the group control portion 35b specifies a
particular group name of Table 1 and outputs light emission instructions to the
driver 35a. Then, based on such instructions, the driver 35a selects the
appropriate light-emitting bodies (i.e., the li'ght-emitting bodies effective in
15 obtaining low-noise, high-contrast observations; and not limited to one

selection) and carries out illumination at the designated emission intensities.

TABILE1
20 Name of Light-Emitting Bodies Emission Intensity
Group A Light-Emitting Body 13c-A 100
Light-Emitting Body 13d-A 50
Light-Emitting Body 13e-A 25
25
Group B Light-Emitting Body 13¢c-D 100

Light-Emitting Body 13d-H 100



directed toward the diffuser 33. Further, the position of the diffuser 33
forms the position of a |light source surface 110a with respect to the 12
converging lens 11. The diffuser 33 in Fig. 6B is shown as covering whole
hol es of the di aphragm plate 31 and | #§ht-bl ocking plates 29, but in case
where the 5 emssion intensity of specific light-emtting bodies are to be
gi ven precedence, the holes of such light-emtting bodies are not covered.
However, thi s Nexte Tablgi2rshowsanother ¢xampletofa groarp tabde, arndin this ef fect of
the tip shape of the Jight-: emtt|n mliodi es can cause .the em ssion

© posi ti on§¥ampledhe cRissOnteRy kY inclysles da@ opHhesmissign range &-enther om
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the pgakemission range, and in accordance with instructions from the group control

portion 35b, the emission intensity is varied within the emission intensity

range.
TABLE 2
10
Name of Light-  Emission [*A] [*B] Fluctuation
Emitting Bodies  Intensity Value
Group A  Light-Emitting 100 60 100 10
15 Body 13a
Light-Emitting 50 20 60 5
Body 13b-C
20 GroupB  Light-Emitting 25 0 30 5
Body 13¢-G
Light-Emitting 100 70 100 5
Body 13d-G
25
Light-Emitting 100 80 100 15

Body 13e-C



15 around the O direction disappears and the light-emtting bodies exhibit
directional characteristics over a wider angle, and this allows the |ight
fromthelight-emtting bodies to enter through the entire surface of the
converging | ens, whereby the |ight-eml8ting bodies appear roughly as a
point |ight source for the converging lens. Further, in the case where the
height of the light- 20 emtting bodies (LEDs) are different from each

ot her in[tA:s lawepLdmit Eemssmm?ntcasﬁt}g] arranged so that the light-enmitting
position Oa ~ 60e_of .the light- em,tting bodies are positioned in the
same plaﬁzg:hdﬂﬁp9ﬁléﬁﬁt F§ﬁ$°§dﬁﬁﬁgﬂﬁartion 43 is constructed froma
substrate 45 nounted with the tallest light- emtting bodies 43e, a
substrate 47 nounted with intermedi ate height light- 25 emtting bodies

ot o5 433 and ROV HEARTRIONT Epitirib 08, SiAGRkoly HEky cRfision o,
Cubst ar & B o D DB PP RERCAVE LR LRSI, . ana
43d 1gnsufficient light emission intensity, (2) eliminating contrast irregularities of
the observation object, and (3) eliminating background noise of the
observation object. In this connection, instead of carrying out observations
under the same illumination conditions (such as emission intensity), in many
10 cases good observation results can be obtained by changing the conditions.
This is believed to be due to the curvature of individual observation objects
and variations of optical conditions. Thus, when considering the example of
a wafer, by carrying out trial illumination while changing the conditions in
accordance with the resist irregularities and the strength of the background
15 pattern noise, it is possible to find good illumination conditions for obtaining
good observation results. At such time, if the changes in conditions are
restricted to an established range, the number of changes in conditions will be
reduced, and this makes it possible to eliminate useless trials. In the case
where there is a plurality of groups, by arranging an order of priority for such
20 groups according to the purpose of observation, the group light emission can

be carried out in an order from the group with the highest priority.

In the above-described group light emission, the emission conditions of
each of the light-emitting bodies included emission intensity, emission
25 intensity range and fluctuation values which were set so as to be variable, but
the light emission conditions are not limited to the conditions described above,

and it is possible to use other conditions.



nounted on the substrate 47 to pass through the substrate 45. Simlarly,
hol es are fornmed in the diaphragm plate, |ight-blocking plate and each of
t he substrates at positions corresponding to positions of the
light-emtting bodies, and by passing2te light-enmtting bodies through
such holes, it is possible to 5 stack all these elenents together. In this
way, the plane forned at the light em ssion positions 60a ~ 60e of the

li ght - eni t t i nd\8¥kiakexanpis method ghusing theaboye-descrined obseryatipny i gni ng
this light source ﬁrhface 110a with the focal plane of the converging | ens
11, the 13PPRIASHIY RE BIVEROCEWt ti ng bodies roughly forns a point |ight
source which nmakes it possible to illumnate the 10 observation object 3a
with parallel rays of light. The light-emtting bodies 13a ~ 13e are

arranged al onw}qéﬁeﬁ 5 | ) ' ' i cal
axis 1la in the Tig ?éj‘gg%?créggﬁggsé;?eﬁé%a@gﬁg@% lgdt}ﬁgt;e?ﬁgggts? E‘ép@rgont
focal 5poifafmedsin 4 Wafet, theefiﬁpm\f%rmwwé Racify tHelobdérvatiByl appataestyt t he
light-emtting bodies on |lines ich intersect the optical axis, only
| i ght - enitheiprgséntdinventibheat tanvappropriabs positiomin theemanufagaringgaocess.s
makes it possible to elimnate ineffectiveness. Consequently, this makes it
possi bl e Next, dheoeafends epnvecysd manuallyer automatically ta adocatign thati t ti ng
bodi es, and.|.i ght. enission, control becones rel atively easy. descri ption
posmogs the observation 0 ject 3a d?rectly below the ¢ nverg¥ng fens ot ' P
Then one or more of the light-emitting bodies 13a ~ 13e are driven to
10 illuminate the observation object 3a, and in this illumination state, the camera
7 picks up images to enable the control device 37 to read such characters and
symbols. In this connection, the light-emitting bodies that will be driven are
established in advance in the light-emission controller 35. Now, if an error
occurs in the reading result, the light-emitting bodies are changed or new
15 light-emitting bodies are added, and then the steps of illumination and reading

are repeated.

The light-emitting bodies to be used for illumination can be determined

in advance based on data. For example, a test can be carried out in advance

20 to select the light-emitting bodies capable of achieving a high contrast from
the light-emitting bodies 13a ~ 13e. In this regard, a single or plural
arrangement of light-emitting bodies (i.e., a combination of light sources
according to the incidence angle ¢ and the angle 8) capable of producing'
optimum illumination are stored in advance as data inputted into the light-

25 emission controller 35 from the outside. Further, by arranging an order of
priority for such data, operations can be carried out in an order starting from
the illumination with the highest priority. Of course, it is also possible to

carry out a group light emission as described above.



20 directed to these points will now be given below First, it should be
noted that adjacent lines of the lines 10a ~ 10h intersect each other at an
angl'e of *45[err]. The meaning of this angular intersection will be
explained with reference to Fig. 8. N&fely, in the 25 coordinate
arrangenment shown in Fig. 8, the configuration direction of the observation
object 3a forns the reference direction, the point of intersection between
the optical axis 11b of the optical systemand the plane of the observation
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this structure, and it is possible to eliminate the half mirror and use separate
objective and converging lenses. However, the use of the half mirror 9 is
preferred because the ability of the converging lens 11 to function both as a
converging lens and an objective lens makes it possible to construct a
10 compact observation apparatus. Further, the observation apparatus
according to the present invention is not limited to the above-described
optical system in which observation is carried out using light reflected from
the observation object, and it is possible provide the observation apparatus
with an optical system in which the light emitted from the light-emitting
15  bodies is adapted to pass through the observation object, with observation of
the observation object being carried out using the light that passes through the

observation object.

When the light source surface is moved away from the focal point
20  position, the illumination converges and diverges with respect to the
observation object, and depending on the observation object, there are cases
where this makes it possible to obtain a high-contrast image. In such cases,
the light source is arranged at a position away from the focal point position to
make it possible to obtain an optimum image. In other words, depending on
25 the observation object, the light source is arranged near the focal plane of the

converging lens.

In the embodiment described above, observations were carried out with



the angle [err] represents the angle of the incident light rays L with
respect to the configuration direction of the observation object 3a. The
val ue of ‘this angle [err] is extrenmely inportant in carrying out
observations with the proper contrast2210 Returning to Fig. 6 for further
description, the line 10a is aligned with the reference direction of the

Cne. |1 ont G peipriarBd g i 1iaBPsceriFiapdroion Fachud e Bies8ht i’ om t timg
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respecti ye apl 1%%5%@?!61%&&91&0% %séﬁa@ﬂﬁﬁ%ﬁg Hé’@arﬂeﬂeéuﬂ With! thehdi@lew: Line

10b: [err] = 13b-B, "13c-B, 13 and 13e-B Line 10c: [err] =
90[err] eye. 13b-C, 13c-C,  13d-C and 13e-C 20 Line 10d: [err] =
135[err] 13b-D, 13c-D, 13d-D and 13e-D Line 10e: [err] = 180[err]
13b-B 13c-E, 13d-E and 13e-E Line 10f: [err] = 225 13b-F, 13c-F,

13d-F and 13e-F Line 10(2 [err] = 270[err] . 13b-G 13c-G 13d-G and
13e- G Li ne 10Ks desgribed-abave,.ddqause the gbservation apparatusohithe psent 25

invention can specify the light source arrangement, it is possible to reliably
determine the optimum light source position, and as a result it becomes
possible to easily obtain an excellent high-contrast image.

10



It should be noted that the angle 0 is not Iimted to 45[err] and whol e
nunmber nmultiples thereof, and it is possible to use other angles. Further,
t he optimum angl e 0 val ue varies depending on the properties of the
observati on 15 object. For exanpl e,23hen observing circuit patterns are
formed in wafers, there are nmany cases where the configuration direction of
the circuit_elements and_the running direction of the wiring pattern are
orthogonW%ghIS)@kAlMEQJSh cases, there is a tendency that strong |ight
shining fromthe circuit 5 pattern is observed at [err] = O[err], 90,
180[err] and 270[err], and no light shining fromthe circuit pattern is

connecti on, A dtherrlet ahbpretis K5 Qbsertin; B obsBbiRslacl i o

pattern E:Bm@ﬁ' éiﬁg.as t he observation object 3a, setting the angle at 0 = 45
and whol e nunber~nul tiples thereof makes it easy to observe the observation
pattern 3a w qlgsht ddurbe pbRtiofiigipysed WA & puRdity GTAigH-Emitting bodieser N
Further, in the CTase where characters are fornmed on the wafer By a

an optical element for focusing illumination light from the light source

portion onto the observation object; and

a light-receiving portion for receiving light reflected from or passing
through the observation object;

wherein the light source portion is arranged at or near the focal plane of
the optical element and includes a first arrangement of at least one light-
emitting body provided on the optical axis of the optical element, a second
arrangement of at least one light-emitting body provided near the optical axis
so as to shine light onto the observation object at an incidence angle which
allows the light source image to completely cover the light-receiving portion,
a third arrangement of at least one light-emitting body provided near the
optical axis so as to shine light onto the observation object at an incidence
angle which allows the light source image to cover a partial portion of the
light-receiving portion, and a fourth arrangement of at least one light-emitting
body provided near the optical axis so as to shine light onto the observation
object at an incidence angle/which prevents the light source image from
covering any of the light-receiving portion, in which the light-emitting bodies

are adapted for selective activation.

2. An observation apparatus for observing an observation object,
comprising:
a light source portion equipped with a plurality of light-emitting bodies;

an optical element for focusing illumination light from the light source

* ¢ L " - *



plurality of thin-grooved 45[err] angle slanting |lines, setting the angle
only at [err] = 45[err] or 225[err] and at [err] = 135[err] or 315 is
effective for observing these types of 15 characters, and in this case,
illumnation fromthe other light sou2des is ineffective and a potenti al
cause of inmage noise such as resist noise and the like. Now, with reference
to Fig. 3, the | iga'iﬁ source ,portioon 13 and the fifth 20 light-emtting
bodi es 1ROItON QREP tie abseryationabieet; Bda | i ght - eni ssi on control l er 35. The
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Further, the light-em ssion controller 35 is controlled by a control device
(such asemitting body provided on the optical axis of the optical element, a second
arrangement of at least one light-emitting body provided near the optical axis
so as to shine light onto the observation object at an incidence angle which
allows the light source image to completely cover the light-receiving portion,
and a fourth arrangement of at least one light-emitting body provided near the
optical axis so as to shine light onto the observation object at an incidence
angle which prevents the light source image from covering any of the light-
receiving portion, in which the light-emitting bodies are adapted for selective

activation.

3. An observation apparatus for observing an observation object,
comprising: .

a light source portion equipped with a plurality of light-emitting bodies;

an optical element for focusing illumination light from the light source
portion onto the observation object; and

a light-receiving portion for receiving light reflected from or passing
through the observation object;

wherein the light source portion is arranged at or near the focal plane of
the optical element and includes a first arrangement of at least one light-
emitting body provided on the optical axis of the optical element, a third
arrangement of at least one light-emitting body provided near the optical axis
so as to shine light onto the observation object at an incidence angle which

allows the light source image to cover a partial portion of the light-receiving



16 conputer) 37 and is equi pped wth systens such as an OCR system and
pattern inspection system Further, inage signals 38 fromthe canera 7 are
di spl ayed on a nmonitor 39 and outputted to the control device 37 to undergo
I mage recognition. 5 Next, Figs. 9 ~ 125show the optical paths for |ight
fromeach of the light-emtting bodies, and as shown in Fig. 9, the light
fromthe light-emtting body 13a forns a bright field illumnation in which
t he i nagportionhand aghurt%mmangment of ahleastione élg&mermxtangqud)eprovxded
l'ight-receiving partjion 7a. shown, 10 in Fig, fhe || ght fromthe

i ght - ennsaxﬂgegaa%!sams@m weﬁxlaaﬂxgm@é\t@mpbaﬁv@ﬁl%la@p 8hamt a slight

et i o SURIHEBCG B HHRORPFCAILS [ HEbb FORES IAAES FO FONEROB AN A bodi os
[ ont -erti b Bl e bofiSn, iAot Eiiifing Bt ard adanted foni . 15

emttingg gﬁgh% é&ﬁ/ﬁimrpes onto the observation object 3a at a little
| arger incidence angle, and because the image of the |ight source covers

only a portion of the light-receiving portion 7a, the light-emtting bodies
13c carry -
4. An observation apparatus for observing an observation object,

comprising:

a light source portion for emitting illumination light;

an optical element for focusing illumination light from the light source
portion onto the observation object; and

a light-receiving portion for receiving light reflected from or passing
through the observation object;

wherein the light source portion is arranged at or near the focal plane of
the optical element and includes a third arrangement of at least one light-
emitting body provided near the optical axis of the optical element so as to
shine light onto the observation object at an incidence angle which allows the

light source image to cover a partial portion of the light-receiving portion.

5. The observation apparatus of Claim 4, further comprising a diaphragm
for restricting the light reflected from or passing through the observation
object before such light reaches the light-receiving portion when the third
arrangement of at least one light-emitting body is activated, whereby the
opening and closing the diaphragm switches the illumination between a

bright-field illumination and a dark field illumination.

6. The observation apparatus of Claim 4, wherein the third arrangement of

at least one light-emitting body comprises a plurality of light-emitting bodies.

L



out an inconplete bright field illumnation. At this tine, as shown in Fig.
12, if the diaphragm 15 is closed so as to block off a portion of the |ight
incident 20 on the light-receiving portion 7a, it becones possible to
carry out an inconplete dark field ill2@ination. Nanmely, by opening and
closing the diaphragm 15, it is possible to switch between a bright field
illumnnation and a dark field illumnation. Further, Fig. 13 shows the

i nconplete dark field illumnation carried out by the light-emtting bodies

13d. 25 4&i 4 4 he rk. fi .l um nati.on,cacri.ed out by the |ight-
emtti ngﬂbg | esoﬁ@é&%g&?%}é eoeﬁ ﬁk’d@ é’f Wthﬁée%ﬂ&ﬁﬁl&*&}a?@é&mfegoﬁms Eover
of t ' b\ ' : | -1 he_ da

Flara  SAwlibed 368 HeB HRORICH DI of the Bplirel SRmelR AGRKIMG WBRI, 1o
and 23. jrefsece tieoopeieal £Xis o’f&hé@ﬁ)tf&?%lérﬁe g.above, this illumnationis
due to a large incidence angle in"which no |1 ght passes through the
converging lens 11.

8. The observation apparatus of Claim 2, wherein the light-emitting bodies

are arranged at or near the focal plane of the optical element along lines which

intersect the optical axis of the optical element.

9. The observation apparatus of Claim 7, wherein the angular spacing
between adjacent lines which intersect the optical axis of the optical element

is 45° or a whole number multiple thereof.

10. The observation apparatus of Claim 8, wherein the angular spacing
between adjacent lines which intersect the optical axis of the optical element

is 45° or a whole number multiple thereof.

11. 'The observation apparatus of Claim 2, wherein the light-emitting bodies
are separated into groups which can be activated separately to carry out

illumination.
12. "The observation apparatus of Claim 4, wherein the light-emitting bodies
are separated into groups which can be activated separately to carry out

illumination.

13.  The observation apparatus of Claim 11, wherein a light emission priority

order is-established for the groups of light-emitting bodies.

L



5 Next, Table 1 shows a group table stored in the group control
portion 35b (shown in Fig. 3), and stored in this table are the names (such
as 13c-A ‘shown in Fig. 6) of the light-emtting bodies activated for each
group and the emi ssion intensity (showd7as index nunbers in the table) for
each of the light- emtting bodies. This data may be stored in the ROM of

the group co portion 35b or jnputted fromthe outsjde. Thus, upon
recei vi ng4: ngﬁlg&hssﬁ%ati% APPMateDAE Cdaimade, yehergin aﬂtgbg ESUSSIMPFIONity

portion 35 art.i cul ar nama of Table 1 and outputs |ight
em ssi on 9F HSE %E?‘Pb%h?%?%@’%ﬁf%@ﬁé@‘ thingRodiesy "such | nst ructions,
the driver 35a selects the appropriate |ight- emtt| ng bodies (i.e., the
light-emtting bodies effective in 15 obtaining | ow noise, hi gh cont r ast

obser vat i1Gs; TABGHetvation h?gaxta@ué)ﬂﬁ Gigirgatt, Wﬁeﬁﬂﬂtﬂ@ﬁ%hﬁénﬁﬂ‘ing

i1lumnation at the designa em ssion inténsities
Nane of Ibogliés ﬁmehch? o hiaee adjustableslight ¢misyion contittons. A
Light-Em tting Body 100 Light-Emtting Body 13d-A 50
Light-Em tting Body 13e- A 25 25
16. The observation apparatus of Claim 12, wherein the light-emitting

bodies in each group have adjustable light emission conditions.

17. The observation apparatus of any of Claims 2, further comprising a fifth
arrangement of at least one light-emitting body for shining light onto the

observation object without passing through the optical element.

18. The observation apparatus of any of Claims 4, further comprising a fifth
arrangement of at least one light-emitting body for shining light onto the

observation object without passing through the optical element.

19. A method of illuminating and observing an observation object in which

the observation object is illuminated using the observation apparatus of Claim
2. |

20. A method of illuminating and observing an observation object in which

the observation object is illuminated using the observation apparatus of Claim
4. o
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G oup B Light-Em tting Body 13c-D 100 Light-Emtting Body
13d-H 100 18 Next, Table 2 shows anot her exanple of a group table,
and i.n this exanple the em ssion intensity includes data on the eni ssion
range (i.e., the upper limt value and the lower Iimt value) and the
fluctuation value for the fluctuation of the em ssion intensity of the
light-emtting bodies within the 5 em ssion range, and in accordance with
i nstruct i ABSTRAThe group control portion 35b, the emi ssion intensity is
varied within the em ssion intensity range. TABLE 2 10 Nane of Light-

Em ssi on OBSERVATION APHARATHAs i on Emitting Bodies Intensity
Value Goup A Light-Emtting 100 60 100 10
An observation apparatus for observing an observation object is

constructed from a light source portion for emitting illumination light, a
converging lens for focusing illumination light from the light source portion
onto the observation object and a light-receiving portion for receiving light
reflected from the observation object, wherein the light source portion
includes a first arrangement of at least one light-emitting body provided on
the optical axis of the converging lens, a second arrangement of at least one
light-emitting body provided near the optical axis so as to shine light onto the
observation object at an incidence angle which allows the light source image
to completely cover the light-receiving portion (bright field illumination), a
third arrangement of at least one light-emitting body provided near the optical
axis so as to shine light onto the observation object at an incidence angle
which allows the light source image to cover a portion of the light-receiving
portion, and a fourth arrangement of at least one light-emitting body provided
near the optical axis so as to shine light onto the observation object at an
incidence angle which prevents the light source image from covering any of
the light-receiving portion (dark field illumination), in which the light-

emitting bodies are adapted for selective activation.

(Fig. 1)
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insufficient light emssion intensity, (2) elimnating contrast
irregularities of the observation object, and (3) elimnating background
noi se of the observation object. In this connection, instead of carrying
out observations under the same illunination conditions (such as emission
intensity), in many 10 cases good observation results can be obtai ned by
changing the conditions. This is beligygglgo be due to the curvature of

i ndi vi dual observation objects and var i"ons of optical conditions. Thus,
when considering the exanple of a wafer, by carrying out trial |Ilun1nat|on
whi | e changing the conditions in accordance with the resist irregularities
and the strength of the background 15 pattern noiSe,"~+t_is possible to
find good illumnation conditions for obtalnlﬁg go observation results.

At such tinme, if the changes in condit'ions afre restffcted to an established
range, the nunber of changes in conditions | educed,’\ and thi s makes
it possible F c%l2ﬂnate usel ess trlal the there is a
plurality of 3 Ups, by arrangi ng an or&%r-of pri or such 20 groups
according to the purpose of observation, the gr ¢ EHISSIOH can be
carried out in an order fromthe group Wit h the hlghest prrorlty In the
above-descri bed group |ight em ssion, the en133|on condlrlons of each of
the light-emtting bodies included em ssion |ntenSLLy~'en155|on

- -~

FI1G.2B 14b«~:: é ~:‘,L’7a

------

- -

FIG.2C tacA N b

~~~~~~~

- -

rd
¢ . 3b
’l \t \
1 1Y
1 ¥
FIG.2D 14dA G bz
l‘ l|
A L
\ P -~
LY ’
A ,
rd
\\ - d
I’—’_ ‘i‘\\
” \\
J . 3b

FIG2E  1ae. G




25 intensity range and fluctuation values which were set so as to be
variable, but the light em ssion conditions are not limted to the
conditions described above, and it is possible to use other conditions.

20 Next, an exanple nethod of using the above-described observation
apparatus will be given bel ow. Wen used as a reading apparatus for reading
characters and synbols 5 fornmed in a Vfgﬁy the first step involves placing
t he observation apparatus of the prese ilRention at an appropriate
position in the manufacturing process. Next, the wafer is conveyed manual |y
or automatically to a location that pqg*ﬁiggs t he observation object 3a
directly bel ow the converging lens 11. one or nore of the

light-emtting bodies 13a ~ 13e are driven to 10 illumnate the
observation object 3a, and in this ill'um nation state, the camera 7 picks
up images to enable the control device 37 to read such characters and
synbols. In this connection, the light-emtting bodies that will be driven
are
39— | MONITOR
CONTROL | _4-
DEVICE
| I
38 1

. LIGHT—EMISSION |35
71 CAMERA CONTROLLER
— GROUP CONTROLL|
7a—] 1 PORTION | 220 (-5
15 = 1350 |
e DRIVER | [*
/4 110
17 e
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established in advance in the light-em ssion controller 35. Now, if an
error occurs in the reading result, the light-emtting bodies are changed

or new 15. light-emtting bodies are added, and then the steps of
illum nation and reading are repeated. The light-emtting bodies to be used
for illum nation can be determ ned in advance based on data. For exanple, a

test can be carried out in advance 20 ,tqg |l ect the light-emtting bodies
capabl e of achieving a high contrast f#oﬁ;ﬁﬁe light-emtting bodies 13a ~
13e. In this regard, a single or plural arrangenent of |light-emtting
bodies (i.e., a conbination of [ight sources according to the incidence
angle [err] and the angle [err]) capable of producing optimumillum nation
are stored in advance as data inputted~{@ @ the |ight- 25 enission
controller 35 fromthe outside. Further, by arranging an order of priority
for such data, operations can be carried out in an order starting fromthe
illumnation with the highest priority. O course, it is also possible to
carry out a group light em ssion as described above. 1
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21 In the observation apparatus described above, the use of a half mrror 9
to forma branching optical path onto which the light source is arranged
makes it ‘possible for the converging lens 11 to function both as a
converging 5 |lens and an objective | ens. However, the present invention is
not limted to this structure, and it is possible to elimnate the half
mrror and use separate objective and convergi ng | enses. However, the use
of the half mrror 9 is preferred becéhsglﬁhe ability of the converging
lens 11 to function both as a converging | ens and an objective | ens nakes
it possible to construct a 10 conpact observation apparatus. Further, the
observati on apparatus according to the present inventionis not limted to
t he above-descri bed opti cal systen1in§qQ§95 observation is carried out
using light reflected fromthe observation-object, and it is possible
provi de the observation apparatus with an optical systemin which the |ight
emtted fromthe light-emtting 15 bodies is adapted to pass through the
observation object, with observation of the observation object being
carried out using the light that passes through the observation o

bj ect.
Wen the |ight source surface is rmvedraway—f‘mm‘r‘h'e—fanglb@iEntS@NALs
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20 position, the illum nation converges and diverges with respect to the
observati on object, and depending on the observation object, there are
cases whére this makes it possible to obtain a high-contrast inmage. In such
cases, the light source is arranged at a position away fromthe focal point
position to make it possible to obtain an optimuminage. In other words,
dependi ng on 25 the observation object, fhe light source is arranged near
the focal plane of the converging | ensb £l3 he enbodi ment described above,
observations were carried out with 22 a CCD sensor placed at the

li ght-receiving portion 7a, but the Jr¢&@A nvention is not linited to
this structure, and it is possible to use other sensors or an 5nage pi ckup
tube, or observations may be carried out with the naked eye¢r§ As descri bed
above, because the observation apparatus Of/hQE pr esent
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I nvention can specify the Iight source arrangenent, it is possible to
reliably determ ne the optinmumlight source position, and as a result it
beconmes possible to easily obtain an excellent high-contrast inage. 10

23 WHAT IS CLAIMED IS: 1. An observation apparatus for observing an
observation object, conprising: a |light source portion equipped with a
plurality of light-enmitting bodies; an7opfisal elenent for focusing
illTumnation light fromthe |ight source portion onto the observation
object; and a light-receiving portion for receiving light reflected from or
passi ng through the observation object; wherein the |light source portion is
arranged at or near the focal plane of the optical elenent and includes a

first arrangenent of at |east one |ight-
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emtting body provided on the optical axis of the optical elenent, a second
arrangenent of at least one light-emtting body provided near the optical
axis so as to shine light onto the observation object at an incidence angle
which allows the [ight source image to conpletely cover the |ight-receiving
portion, a third arrangenent of at |east one light-emtting body provided
near the optical axis so as to shine ligh nto the observation object at
an incidence angle which allows the Iiéﬁ(}bgurce imge to cover a partial
portion of the light-receiving portion, and a fourth arrangenent of at

| east one light-emtting body provided near the optical axis so as to shine
| ight onto the observation object at an incidence angle which prevents the
| i ght source inage from covering any q$|@}g3light-receiving portion, in
which the light-emtting bodies are adapted for selective activation. 2. An
observati on apparatus for observing an observation object, conprising: a

| i ght source portion equipped with a plurality of light-emtting bodies; an
optical elenment for focusing illumnation Iight fromthe |ight source
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24 portion onto the observation object; and a light-receiving portion for
receiving light reflected fromor passing through the observation object;
wherein the |ight source portion is arranged at or near the focal plane of
the optical elenent and includes a first arrangenent of at |east one |ight-
emtting body provided on the optical axis of the optical elenent, a second
arrangenent of at |least one light-emtting body provided near the optical
axis so as to shine light onto the obs2i4d6i on object at an incidence angle
which allows the Iight source image to conpletely cover the |ight-receiving
portion, and a fourth arrangenent of at |east one light-emtting body

provi ded near the optical axis so as to shine light onto the observation
obj ect at an incidence angle which pr {?‘t? the light source image from
covering any of the light- receiving Eﬂr i"on, in which the light-emtting
bodi es are adapted for selective activation. 3. An observation apparatus
for observing an observation object, conprising:
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a light source portion equipped with a plurality of light-emtting bodies;
an optical elenment for focusing illumnation Iight fromthe Iight source
portion onto the observation object; and a |ight-receiving portion for
receiving light reflected fromor passing through the observation object;
wherein the light source portion is arranged at or near the focal plane of
the optical elenent and includes a first arrangenent of at |east one |ight-
emtting body provided on the opti cal kﬂd{§5ﬂ= the optical elenent, a third
arrangenent of at |east one light-enmtting body provided near the optical
axis so as to shine light onto the observation object at an incidence angle
which allows the |ight source image to cover a partial portion of the

| i ght-receiving 25 portion, and a tchrrangenent of at |east one
light-emtting body provided near the optical axis so as to shine |light
onto the observation object at an incidence angle which prevents the |ight
source image from covering any of

-t -
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the light-receiving portion,

in which the light-emtting bodies are adapted
for selective activation. 4. An observation apparatus for observing an
observation object, conprising: a |light source portion for emtting
illumnation light; an optical elenent for focusing illumnation [ight from
the light source portion onto the observation object; and a |ight-receiving
portion for receiving light reflected fromor passing through the
observati on object; wherein the |ight $buf LB portion is arranged at or near
the focal plane of the optical elenent and includes a third arrangenent of
at least one light- emtting body provided near the optical axis of the
optical elenent so as to shine |ight onto the observati on object at an

i nci dence angl e which allows the |igh

Elguq_ol_ﬁ imge to cover a partial
portion of the light-receiving portioh." ™5 e observati on apparat us of
Claim4, further conprising a diaphragmfor restricting the |ight
fromor passing through the observation object before such |ight
the light-receiving portion when the-third arrangenent of at

refl ected
light-emtting body is activated, whereby the
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openi ng and cl osing the di aphragm swi tches the illum nation between a
bright-field illumnation and a dark field illum nation.

apparatus of Claim4, wherein the third arrangenent of at
light-emtting body conprises a plurality of

light-em tting bodies. 26
7. The observation apparatus of Caim@6, wherein the light-emtting bodies
are arranged at or near the focal plane of the optical

6. The observation
whi ch intersect the optical axis of tthzﬁlical el ement. 8. The observation
near the foca

| east one

el enrent al ong |ines
apparatus of Claim2, wherein the light-emtting bodies are arranged at or
pl ane of the optical elenent along |ines which intersect the
optical axis of the optical elenent.
7, wherein the angul ar spaci ng betwee
opti cal i

9. The observation apparatus of C aim
Elgj iznt | i nes which intersect the
axis of the optical elenent i f ] or a whole nunber nmultiple
thereof. 10. The observation apparatus of Claim 8, wherein the angul ar
spaci ng
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bet ween adj acent lines which intersect the optical axis of the optical
elenment is 45[err] or a whole nunber multiple thereof. 11. The observation
apparatus’ of Caim2, wherein the light-emtting bodies are separated into
groups which can be activated separately to carry out illum nation. 12. The
observation apparatus of Claim4, wherein the light-emtting bodies are
separated into groups which can be activated separately to carry out

illum nation. 13. The observation apdea{m§ of Claim1l, wherein a |light
em ssion priority order is established for the groups of light-emtting
bodi es. 27 14. The observation apparatus of Caim 12, wherein a |ight
em ssion priority order is established for the groups of light-emtting
bodi es. 15. The observati on apparatuﬁ:g§<$ im11l, wherein the
light-emtting bodies in each group ha 'aé?ustable | i ght em ssion
condi ti ons.




16. The observation apparatus of Claim 12, wherein the light-emtting

bodi es in each group have adjustable |ight em ssion conditions. 17. The
observation apparatus of any of Clainms 2, further conprising a fifth
arrangenment of at |east one light-emtting body for shining |light onto the
observati on object w thout passing through the optical elenent. 18. The
observation apparatus of any of d ai m‘i 4/ fg;rther conprising a fifth
arrangenent of at |east one Iight-em’t141 ng} ody for shining light onto the
observati on object w thout passing through the optical elenent.

FIG.14
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14. The observation apparatus of Claim 12, wherein a light emission priority

order is established for the groups of light-emitting bodies.

15. The observation apparatus of Claim 11, wherein the light-emitting

bodies in each group have adjustable light emission conditions.

16. The observation apparatus of Claim 12, wherein the light-emitting

bodies in each group have adjustable light emission conditions.

17. The observation apparatus of any of Claims 2, further comprising a fifth
arrangement of at least one light-emitting body for shining light onto the

observation object without passing through the optical element.

18. The observation apparatus of any of Claims 4, further comprising a fifth

arrangement of at least one light-emitting body for shining light onto the

observation object without passing through the optical element.
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