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[57] ABSTRACT

A projection lens for mask pattern printing comprising
a photographic lens arrangement which is used for both
the alignment and the printing. The arrangement in-
cludes a plurality of fixedly positioned lenses and two
interchangeable lens elements which are interchange-
ably insertable into the arrangement. One interchange-
able lens element is designed for the alignment, and is
inserted into the arrangement during aligning, and the
other interchangeable lens element is designed for the
printing, and is inserted into the arrangement during the
printing.

7 Claims, 12 Drawing Figures
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1

PROJECTION LENS FOR MASK PATTERN
PRINTING

Matter enclosed in heavy brackets [ J appears in the

original patent but forms no part of this reissue specifica-
ﬁommtterpﬂntedinmllulndlﬂtuthed&iﬁﬂmmde

by reissue.

[This is a continuation of application Ser. No. 10

307,389 filed Nov. 17, 1972, now abandoned.]

This is an application for reissue of U.S. Pat. No.
3 897 138 issued July 29, 1975 on an application filed Aug.
16, 1974, Ser. No. 498,286 which was a continuation of
application Ser. No. 307,389 filed Nov. 17, 1972 and now

abandoned.

FIELD AND BACKGROUND OF THE
INVENTION

In the process for producing IC,
which desired parts of the oxide layer formed on
Mmhﬁammmedmomamdmmm- 30
ties into the interior of the silicon substrate therefrom..
The removal of the desired parts of the oxide layer is
achieved by photoetching after a pattern corresponding

the

b5 the desired parts has been printed through the photo-

mask on a photo-sensitive coating (photoresist) applied
on the substrate, and which can be made soluble or
:nsoluble in the etching solution by irradiation of rays of
light. A number of printing followed by etching cycles

superimposingly applied on a piece of IC with re-

~ positioned relative to each other. This adjustment of the
positions relative each other is termed “alignment,”
which is usually

Thephotomaistilgemllymsiﬁvetolightofshort
wave lengths, while it is unsensitive to light of long
wave lengths. Speukingintarmsafthespectmmofa

mcrcurymhmp,whichisusuﬂlymeduamumeof 50

light for the printing, the photoresist is sensitive to the
365, 405 and 436 nm. lines, but insensitive to the 456 and
578 nm. lines. |

" In case printing is carried out by projection, it is usual
to perform the alignment by use of the rays of light
passing through the projection lens, so that the chro-
matic aberrations of the projection lens should be cor-

ment light and printing light.
aberration is present, the image as
panemisshiﬂedinthedﬁwﬁonoftheopﬁcalaﬁsby
an interchange of rays of light between the alignment
and the printing, so that cach time the alignment opera-
tion is changed over to the printing operation, there

ises the difficulty that the mask or the substrate must 65

arises

be moved over again or shifted so as to be in focus. On
the other hand, the presence of lateral chromatic aber-
ration leads to an unfavorable result that, even if the

3
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performed with viewing through a 45
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posiﬁonofthcmaskﬂo

2
alignment made by viewing is perfect, the printing will
be made out of alignment. |

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will be described in detail re-
ferring to the attached drawings.

FIG. 1 and FIG. 2 are graphs illustrating states of
correction of the chromatic aberrations of the lens of
which the chromatic aberrations are corrected for wave
lengths 436 nm. and 546 nm. limited for use as the print-
ing light and alignment light respectively. FIGS. 3(aXb)
are lens diagrams illustrating the principle of the lens of
the present invention. FIG. 4 and FIG. 5§ are graphs
illustrating states of correction of the chromatic aberra-
tions of a lens embodying the present invention. FIG. 6
is a diagram of one embodiment of the lenses of the
present invention. FIGS. 7a-7¢ are graphs illustrating
states of correction of the aberrations of the above-men-
tioned embodiment.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

FIG. 1 is a graph illustrating a state of correction of
the axial chromatic aberration wherein the printing ray

s is limited to the 436 nm. line, and the alignment ray to

the 546 nm. line. FIG. 2 is a graph illustrating a state of
correction of the lateral chromatic aberration in the
same case as the above. In this state, although the chro-
matic aberrations for the 436 and 546 nm. lines are cer-
tainly removed, the slopes of the chromatic gberration
curves near the 436 and 546 nm. lines are so great that
the chromatic aberrations increase sharply as the wave
length varies from these values. Therefore, such lens
3yﬂmdmnotpermittauﬁﬁzeth¢4ﬁﬁ nm. line as the
printing light together with the 436 nm. line, and also it
does not permit to utilize the 578 nm. line as the align-
ment light together with the 546 nm. line, thus having
such disadvantages that the efficiency of a source of
light is low, a long exposurc time is required for the
printing, and the alignment is made by viewing under

unfavorable conditions.

If a projection lens can be so designed that the chro-
matic aberrations are corrected for at least three wave
lengths among the wave lengths 405, 436, 546 and 578
nm, the above mentioned disadvantages will be largely
overcome. But such correction of the chromatic aberra-
tions is difficult to be made by using the usual technique.
Nevertheless, the present invention makes it possible to
achieve the same purpose by the interchange of one lens
element of the lens system with another between the
printing and the alignment.

FIGS. Xa)(b) show an example of the lens diagrams
illustrating the principle of the present invention
wherein FIG. 3(a) shows a diagram occurring at the
time of the alignment, and FIG. 3(b) shows a diagram
occurring at the time of the printing. The entire lens
system is of the symmetric type, of which the front lens
group (A) and the rear lens group (B) are common to
both the alignment and the printing, but the central lens
elements (C) and (C) are interchanged with one an-
other, (D) designates the photomask plane, and (E) the

~ substrate plane. In case a mercury-arc lamp is used as a

source of light, for example, the chromatic aberrations
of the lens system, constructed as shown in the diagram
FIG. 3(a) for the alignment, should be corrected for the
456 nm. and 578 nm. lines. This correction of
the chromatic aberration is easily made by the usual
correction technique. The curve (1) of FIG. 4 is an axial
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chromatic aberration curve showing a state of such
correction, and in FIG. § curve (2) shows the corre-
sponding lateral chromatic aberration. FIG. 3(a) now,
will be further explained, wherein (3) designates a par-
axial ray emanating from the mask plane (D) at an angle
a with respect to the optical axis, of which the rays of
the 436 and 578 nm. lines, for use as the alignment light,
pass through a path of rays (3) (4) (5) (6) and impinge on
substrate plane (E) at an angle a’ with respect to the
optical axis to form an image at a magnification of a/a'
thereon. As for the printing light of wave lengths 405
and 436 nm. impinging on the lens having the same
construction as shown in FIG. 3(a), the rays of light (3)
pass through a rays (7) different from that of the align-
ment light, so that the passage as well as the position
and magnification are different from those of the align-
ment light. In FIG. 3(a), (8) designates a path of rays
under the supposition that the printing light of the 405
and 436 nm. lines is projected in the opposite direction
from the substrate plane to the lens at an angle of a’
with respect to the optical axis. This path of rays
crosses, at the central concave lens (C), the path of rays
(3) (7) emanating from the mask plate (D). In order to
effect the same magnification in the images of the print-
ing light as well as of the alignment light while fixing
the image and substrate planes, the imaging path of rays
for the printing light should pass through (3) (7) (8) (6).
This can be achieved by using another central concave
lens having suitable refractive power, refractive indices
and dispersions of the used glasses, radii of curvative of
the cemented surfaces, and thicknesses of the lens ele-
ments, all values being different from those of the for-
mer lens. FIG. 3(b) shows the path of rays of this case.
The axial chromatic aberration curve of this lens con-
struction for the printing light of 405 and 436 nm. lines
is shown by curve 9 of FIG. 4, and the lateral chromatic
abberation curve is shown by curve (10) in FIG. §.

In designing the lens, the axial chromatic aberration
for the printing light is positive in the lens arrangement
for the alignment as is evident from the chromatic aber-
ration curves shown in FIGS. 4 and §, so that the nega-
tive refractive power of the concave lens (C’) for the
printing with respect to the printing light should be
weaker than the negative refractive power of the con-
cave lens for the alignment with respect to the printing
light. For the correction of the chromatic aberration for
the printing light of two wave lengths 405 and 436 nm.,
the dispersion of the glass of the concave lens for the
printing should be smaller than that of the concave lens
for the alignment. Instead of controlling the dispersion
of the glass, the concave lens may be constructed with
a number of cemented lens elements whereby the radii
of curvature of the cemented surfaces are controlled so
as to effect a dispersion equivalent to the controlled
~ dispersion of the glass. As for the field curvature, it is
over-corrected for the printing light more than for the
alignment light, but the over correction of the field
curvature can be compensated to some extent by mak-
ing the refractive index of the concave lens for the
printing larger than that of the concave lens for the
alignment. The astigmatism caused by the use of the
concave lens for the printing differs from that caused by
the use of the concave lens for the alignment, but the
difference will be made up to some extent by making a
difference between the thicknesses of the two concave
lenses.

The interchange between such central concave lenses
can be easily performed, because the entire lens system
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1s of the symmetric type, and because the central con-
cave lens elements are far smaller than the other lens
elements. In particular the apparatus to which this lens
system is applied has filters which are to be inter-
changed and an alignment scope, that is, a microscope
for alignment observation which is to be set on and off
between the printing and alignment operations, so that
the central lens can be advantageously interchanged in
an interlocking relationship therewith.

The above-mentioned projection lens of the present
invention can utilize effectively the spectrum of a light
source, so that not only the exposure time necessary for
printing can be reduced, but also the deterioration of the
image due to the standing wave produced within the
photoresist layer, as seen in the printing with a mono-
chromatic rays of light, can be prevented to some ex-
tent. Further the chromatic aberration does not vary
sharply with the wave length, so that even if the lines of
the spectrum of a light source are diffused, a clear image
can be printed. Namely, the slopes of the chromatic
aberration curves of a conventional projection lens as
shown in FIGS. 1 and 2 are so great that, although the
aberration for the 436 and 546 nm. lines is corrected in
the best state, the aberration becomes intensified sharply
as the wave length varies in the neighborhood of these
wave lengths. On the other hand, the lens of the present
invention, shown in FIGS. 3 and 8, has such a great
effect that the gentle slopes of the aberration curves in
the neighborhood of 436 and 546 nm. lines permits to
use rays of light having wave lengths in the regions of
405-436 and 546-578 nm. without intensifying the aber-
rations,. Moreover, a wide range of usable wave lengths
results in an increase of intensity of light which allows
to perform the alignment under a bright field of view
and to reduce the printing time. Further, in performing
the alignment operation, there are such advantages that
a bright image can be viewed, and even if the lines of
the spectrum of a light source are diffused, a clear image
can be viewed because of the same effect as the printing
light.

FIG. 6 1s a diagram of a lens embodying the present
invention. In this embodiment the chromatic aberra-
tions are corrected for four wave lengths 405, 436, 546
and 578 nm. 1n such manner that the concave lens (C)
for the alignment and the concave lens for the printing,
each located at the center, are constructed by cemented
lens elements thereby the negative refractive power of
lens (C) is weakened by making the radii of curvature of
both sides of lens (C) larger than those of lens (C"), and
the dispersion is equivalently controlled by making
larger the radii of curvature of the cemented surfaces.
The change in the astigmatism is made small by making
the thickness of lens (C) less than that of lens (C").

The constructional date of the above-mentioned ex-
ample are given in the following.

The radius of curvature of the lens refracting surfaces
The axial thickness of the lens elements

The axial air spacing of the lens elements

The refractive index (for d line) of the lens element
glasses

The Abbe number of the lens elements glasses

Heal

<

Focal length for e line f, = 173
Image magnification 8= —10
Effective F number F,= 1316
n = —7917.301
d; = & ny = 1.60342 v, _
rn = 146811 ‘ L= 380
1, = 5.928
ry = 138.701
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-continued
dz = }3. By = 1677% vy = 55.3
Iy = — 253,719
I, = 2*12
I's = 5.785
dy = 9. ny = 167790 v3 = 33.3
3 = 0.12
9 = "36192
= I8. ng = 1.63980 v, = 55.3
g = 3 833
0"
o = A1
? d¢ = 20335 ng = 1.51633 vs = 64.1
'ip = —145.310
de = 11764 ng = 163930 vg = 4.9
] = 4 879
I = 15.855
For riz = —1337.179
the d72= 2, Ny = 1.63980 vy = 4.6
- rx = 1. 4
r%i = dg = 6. ng = L6ABN0 vy = 53.0
Alignment —37.5281 | 63980 "
= Z. Ng = i, Vg = .
rig = 3 7.179
I = 15.855
Tyypr= - .
% dp=2. by = 1.63980 vy-= 34.6
For r;_;: = R26.337
fi4 = dg=8. ng= 1.648%0 vg = 53.0
the g 1.63980 34.0
r—- . nq.l = 1, H".gr — .
Printing Ty = 224.969
lg = 14.855
g = —45879
din = "764 iy = 1.63930 Vip = 449
ry7 = 143310
dy j&ﬂ.335 nyy = 1351633 vy = 4.1
rl = - .
t T L =012
19 = -~ 384.833
d; = 18. N = 1.67790 ¥i2 &= 55.3
Ty = -—i%.lﬂ
thas 356
Iy = .
! d1 = B3 = 1.67790 Vi3 = 55.3
) = —595.735
= 11).12
Iiy = 53.7 9
* dig = 13, nyg = 167790 viq = 553
24 = -133.701
14 = 5.928
l'zs — -—145811
dyg = 5. nys = 1.60342 v5 = 38.0
I3 = 74%-301

FE——————

The states of correction of the aberrations of the
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above-mentioned example which occur at the time of 45

the alignment and the printing are shown in FIGS.
7a—Te. The lens of this embodiment is of the perfect
symmetry type, and the magnification of image is unity,
so that there is by nature no lateral chromatic aberra-
tion.

What is claimed is:

1. A projection lens for mask pattern printing, cor-
rected for chromatic aberration with respect to at least
three wave lengths, comprising a photographic lens ar-
rangement which is in between [an image
plane @ photo-sensitive means and an object plane and
used for both the alignment and the printing, and in-
cluding at least one group of fixedly spaced lenses [cor-
rected for chromatic aberrations with respect to at least
four wavelengths,] and a pair of interchangeable lens
elements which are interchangeably inserted into said
arrangement at identical axial positions therein, the pho-
tographic lens arrangement, with one of said interchange-
able lens elements, being corrected for chromatic aber-

rations for [at least two of said wavelengths] an align-
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ment light which does not sensitize said photo-sensitive
means and being designed for the alignment and [in-
serted} used during alignment; the photographic lens
arrangement, with the other of said interchangeable lens
elements, being corrected for chromatic aberrations for
[at least the other] two wavelengths, among those of
the printing light, which sensitize said photo-sensitive
means and being designed for the printing and [in-
serted used during printing; the axial spacing between
said photographic lens arrangement [image plane} and
the photo-sensitive means remaining the same during both
alignment and printing, and the axial spacing between
the object plane and the [image plane} photosensitive
means remaining the same during both alignment and
printing.

2. The projection lens according to claim 1, which is
constructed of a lens arrangement of the substantially
symmetric type.

3. The projection lens according to claim 2, in which
the interchangeable lens elements, which are inter-
changed between the alignment operation and the print-
ing operation, are inserted substantially at the center of

the projection lens.

4. A projection lens according to claim 3, in which
each interchangeable lens element inserted substantially
at the center of the projection lens is a concave lens
element. |

5. A projection lens according to claim 1, wherein
said fixedly spaced lenses include a pair of meniscus
lenses having their concave surfaces facing toward each
other, and convergent lens elements disposed axially
outwardly of said meniscus lenses, each interchangeable
lens element being a concave lens insertable between
the two meniscus lenses.

6. A projection lens according to claim 5, wherein
said interchangeable concave lenses are double concave
cemented lenses.

7. A mask pattern printing projection lens, corrected
for chromatic aberration with respect to at least three
wave lengths, comprising a photographic lens arrange-
ment which 1s inte between an image plane and
an object plane and used for both the alignment and the
printing, and including at least one group of fixedly
spaced lenses and a pair of interchangeable lens ele-
ments which are interchangeable inserted into said pho-
tographic lens arrangement at identical axial positions
therein, one of said interchangeable lens elements being
inserted into said photographic lens arrangement dunng
alignment, and the other lens element being inserted
into said photographic lens arrangement during print-
ing; the photographic lens arrangement, with said one
lens element inserted therein, being corrected for chro-
matic aberration with respect to two of said wave
lengths and being designed for the alignment; the pho-
tographic lens arrangement, with said other lens ele-
ment inserted therein, being corrected for chromatic
aberration with respect to another two of said wave
lengths and designed for printing, the axial spacing
between said photographic lens arrangement and the
image plane remaining the same during both alignment
and printing, and the axial spacing between the object
plane and the image plane remaining the same during
both alignment and printing.
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