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PATTERN FORMATION METHOD AND METHOD AND APPARATUS FOR

PRODUCTION OF A SEMICONDUCTOR DEVICE USING SAID METHOD

BACKGROUND dF THE INVENTION
1. Field of the Invention
The present invention relates to a pattern
formation method and a method and apparatus for production
6f a semiconductor device using that method, more
particularly relates to a method_bf.exposure which enables
a good pattern to be formed without the.problem of a
secondary peak even if using a phase shifting mask.
2. Descriptiqn.of the Related Art
At present, in the research and development of
semiconductor integrated circuits, effort is being made to
develop devices of a design rule of the sub-half micron
order. In developing such devices, photolitho—graphy.is
indispensable. It is not too much to say that the
resélution performancelof the exposure devices used in
photolithography, the so-called "reduction, projection,
and exposure devices", determines the success or failuré
of research and development ihtb semiconductor devices and
;he feasibility of mass production.
Convéntionally, the resolution performancé of

reduced projection and exposure devices has been improved
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by enlarging the huﬁerical'aperture of the reductioﬁ
projection lens or shortening the exposure wavelength'
based on the following Rayleigh criterion:
R = k1 x A/NA
- where, R: resolution
A: Exposure wavelength

" NA: Numerical aperture

k1l: Process coefficient

-However, in the fabrication of a semiconductor device,

there are step differences caﬁsed.by the topography, wafer
flatness; etc. of thélsemiconductor devicé, and therefore
securing of the depth of focus is also an important_
parameter at the same time as the resolution performance.
The dimensional precision of the resist pattern in the
photolithography step at the time of fabrication of a
semiconductor device is generally +5 percent. In an actual
device, as shown in Fig; 1, there is always unevenness in
the surface of the semiconductor substrate S. For example,
there is a convex portiop In of polycrystalline silicon
etc. As a result, the pattern of the resist PR is not
formed on the same focal plane. For this reason, the
dimensions of the éattern of the resist PR diﬁfer between
the upper portion and the lower portion of a step
difference. Of course, this beéomes more conspicuous the

finer the patterﬁ in a case where a stépper of the same
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wavelength and same nurnerical'aperture is used. This
tendency is seen in common for all types oflresist.

'I‘he depth éf focus becomes smaller in primary
proporti;n to the exposure wavelength and in inverse
proportion to the sgquare of the numerical aperture. At the_
mass production stage, a depth of focus of about. 1.5 um is
necessary. For this reason, there are restrictions in
order to satisfy both of the resolution performance and
the depth of focus considered necessary.

Figures 2A and 2B show the dependency on the
numeriéal aperture when the resolution performance of the
depth of focus (D.O.F) in KrF excimer laser lithograp_hy,
which is the most advanced exposure, is used as a

parameter. As will be understood from the figures, the

- highest resolution which is obtained while satisfying the

néeded depth of f_ocus of 1.5 pum is about 0.35 um.
Accordingly, it is extremely dif.ficu_lt'to resolve a line
width of 0.35 um or less with a depth of focus of 1.5 pm or.
more. Some sort of technique for enlarging the depth of
focus is'necessary. |

In response to such a request, in recent years,
the halftone type phase shift method has been broposed.
'I'his exposure metﬁod is an ext;r'emely powerfui method for
improving the resol\..ttion'and depth of focus of an isolated

pattern such as a contact hole. In the halftone type phase
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shift method, && 'éhown in Fig. 3_, a semitransparent Cr, Si,
N,, SiO, N,, Mo,Si, film, or the like haviﬁg a transmittance
with respect to the exposure light of about several
percentage to about 20 percent, that is, allowing passage
of a fine amount of exposure light therethrough, is used
as the halftone f£ilm 2 corresponding to the dark poftions
1. In the bright portions 3, both of the £ilm 2 and

transparent suf)strate (with a concave portion 5 formed

therein) or only the film 2 is etched and made to act as a

‘mask. At this time, by setting the phase difference

between the bright portions"3 and the dark portions 1
formed by the semitransparent film to 180°, as shown in
Fig. 4B, the gradient of the distribution of the in_tensity
of the light in an isolated pattern (for example, a hole
pattern of 0.6 UNA) can be made sharp. Note that, Fig. 4aA
.shows the distribution of the intensity of the light in an
isolatea pattern using a conventional chromium mask.

In the design of this phase shifting mask, the
transmittance of the halftone film 2 is an important
factor. Namely, so as to make the gradient of the
distribution of the intensity of the light in an isolated
pattern sharper, it is sufficient to raise the
transmittance of the halftone film 2. However, by raising
the transmittance, the light shielding effect by the

halftone film 2 is weakened, and the resist ends up
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exposed over 1Eé entire surface.

Also, uéually, at the time of formation of a
pattern, as shown in Fig. 5A, a secondary péak called a
side lobe is generated due to the adjacency effect on both
sides of the desired pattern position in the distribution
of the intensity of the light irrespective of the light
shielding position. The secondary peak becomes stronger by
raising the halftone transmittance. As shown in Fig. 5B,
even in a so-called completely isolated contact hole
wherein, for example, when the design dimension of the
hole pattern 6 is defi.ned as W, the distance between the
adjéining patterns is 3W or more, the peripheral portion
becomes "gouged" in shape (numeral 8 part). With a shape
as shown in Fig. 5B, there is concern thét the.diameter of
the contact hole will be enlarged in the etching step.

Further, when it. is intended to apply the
halftone phase shifting mask method to a so-called
periodic pattern portion having a high pattern density,
the secondary peak becomes stronger due to interference
between adjoining patiterné, that is, the mutua.l adjacency
effect, ;t the periodic pattern portion having the high
pattern density.

Accordingly, when it is intended to form a
device pattern by using the halftone phaée shifting mask

method, the design and a CAD process must be carried out
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with sufficieht donsideration given to the distance‘
between patterns. This places a tremendous load on the
design and CAD prodeSS'ahd prevents practical application.

| So as to solve the above-mentioned problems,
intensive study is currently underway in various areas on
how to enlarge the depth of focus without making the
adjacency effect more conspicuous and without placing a
heavy load on the design of the mask. However, no
effective exposure method for enlarging the depth of focus
without sufferihg from the above-described problems has
vet been found. Accordingly, it is essential to quickly
establish an exposure .technique for enlarging the depth of
focus without making the adjacenﬁy effect conspicuous ahd
withouﬁ_placing a heavy load on the design of the mask.

At the present time, when a practical depth of

focus cannot be obtained in the fabrication of a device,
pattern formatipn has been carried out by using the

multilayer resist method, electron beam exposure method,

etc. However, a sufficiently satisfactory'effect has not

been obtained.

Accordingly, it is essential to quickly
establish an exposure technique for enlarging the depth of
focus without making the adjacency effect conspicuous,
without placing a heavy load on the design of the mésk,

and without ekerting an advance influence on the
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aberration and other imaging characteristics by a method
other than that mentioned above.
SUMMARY OF THE INVENTION
The present'inveﬁtion was made in consideration of

the above—described situation and has as an object thereof

- to provide a pattern formation method and a method and

apparatus for production of a semiconductor device using

the same which, when fabricating a semiconductor device or
the like, decides on the method of enlarging the . depth of
focus so that a stable resist pattern can be formed well
even if the mask pattern thereof is fine and thereby
enablés a good resist patterning.

The present invention provides a method for enlarging

the depth of focus at the time of fabrication of a

‘semiconductor device without exerting an adverse influence

upon the aberration énd imaging characteristic by using an
ordinary mask having any pattern density, in particular, a
halftone phase shifting maék, even if the mask pattern of
the semigoﬁductor device is fine. The above-described
object is achieved by this. This will be underséood by

analyzing the optical system of the exposure device.

Namely, the present invention was obtained by the

following discovery by the present inventor.
The depth of focus was enlarged without exerting an

adverse influence upon the aberration and other imaging
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characteristids by using a halftone phase shifting mask
having any pattern density by using the following means :

(1) So as to enable the use of the ﬂalftone phase
shifting mask.méthod for a design pattern having any
pattern density without plaéing a tremendous load on the
design and CAD process, it is sufficient if use may be
made of the so-called periodic pattern portibn having é
‘high pattern dénsity; Such a periodic pattern portibn
having a high pattern density is formed by interference of
‘adjoining patterns, so it is sufficient if the secondary
peak in the distribution of the intensity of the light due
to the mutual adjacency effect can be reduced.

(2) The distribution of the intensity of the light
depends upon the distribution of the intensity of the
light in the effective light source of the exposure
device. Namely, the optical projection system of the
eprsure device{ that is, the "stepper®, as shown in Fig.
6, has a whole system diaphragm 10 arranged at first group
and second group of focal planes. It is a dual telecentric
imaging system and is an afocal system as a whole. Namely,'
the mask surface 12 énd pupil surface (substantially equal
to the diaphragm 1of and the pupil éurface and wafer
surface 14 are in a Fourief transformatioﬁ relationship.

Also, the light from the illumination optical system for

illuminating the mask is shown developed completely as
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plane waves. Due to the afocal characteristic, individual
plane waves correspond to individual light emission points
of the secondary light source (also called the effective
light source) 16, that is, thé fly‘'s~eye lens.

(3) Based to the characteristic shown by (2I) , 1f the
respective coordinate systems of the mask surface, pupil
surface, and thé wafer surface are defined as (x, y), (€,
N), and (o, B) and the focal distances of the first gfoup
and second gz;dup are defined as f1 and. £2 and; also, the
transmission function of the mask is defined as o (x, y),
the amplitude distribution £ (€, M, ©,, 9,) on the pupil

surface can be represented by the following equation:

f(E'nlaltez)
= f f O(x, y) exp{ik(sin®,x+sinb,y)}
explik (Ex+ny) / £1ldxdy

=[[o(x, y) expliki(sin®, +£/£1) x+ (5in@,+n/ £1) ykixdy (1)

where, 0, and 6, ére made the incident angles of the
plane wave incident upon the mask in the x and y
directions.

When defining the amplitude distrib'ut:ion on the wafer
surface as g (o, B, 9,, 0,) and defining the pﬁpil function

as p (&, n), the following equation stands:
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gla,p,0,,6,)
=[[£(&.n.8,.8,) expl-jk(ag +pn) )ty

=[[ [[otx. 91 p(E,n)
expljkl(sin®, +E/ £1) x+(sin®,+n/£2) y}

expl-jk («§ +Bn) ldxdydEdn - (2)
The distributipn of intensity I (a, B, 6,, 6,) of the plane
wave incident on the wafer surface by 9, and 6, can be

represented by the foliowing equation:

I(a: B:e]_:ez)

Therefore, the overall distribution of intensity I
(o, B) becomes the superposition of the plane waves, and

therefore if the weighing function is defined as W (9,,

~0,), the following équation stands:

I(a,B)

| =ffw(61,62)I(a,ﬂ,el,ﬂz)oﬁldﬂz C(4)

Were, when assuming "the mask is a lattice pattern of
equal intervals parallel to the y-axis", the transmission
function o (x, v) of the mask can be represented by the

following equation defining the mask frequency as ®:
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olx,y)=0(x) =Y a,exp(jnex)

n=-o

—00{ 1< +co (5)

Accordingly, the amplitude distribution £ (&, 7, 6,,
0,) on the pupil surface can be represented by the

following equation:

£(E,n.6,,0,)

= f f Y aexp(jnex),
expliki(sin®, +£/f1) x+(sin0,+n/ £1) ylidxdy
=Y a8 (sin61+nm/k+5/f1') 8 (sinB,+n/£1) _ (6)

When the wave plane aberration on the pupil surface
is W (£, n), the amplitude distribution g (a, B, 8,, 0,;) on
the wafer surface can be represented by the fdllowing

equation:

gla,$,0,,6,)

=y anffb (5in®, +ne/k+E+£1) & (sin®,+n/f1)

D,(0,,0,) expiw(E,n) Jexpl-jk (Ex+nf) JdEdy

=Y"a,p,(0,,0,) explim-£1(sin®,+n o/k) , -f1sinb,]
4 nPnY,,9; 1



o3

12
explik(sin@,+nw/k) (£1/£2)al
expljk(f1/£2) BsinB2] (7)

Here, as apparent from the aforesaid equation (7),
the spec.trum distribution of the object on the pupil
surface is the sum of d-functions. Accordingly, a decision
whether or n.ot the n-th deffracted light enters into the
pupil is clear. Therefore, use 'is rﬁade of a vignetting
factor Pn for deciding whether the deffracted light should

or should not enter into the pupil in equation (8).

| p,(0,,6,) =1 spectrum exit in pupil plane

0 otherwise - (8)

From the above, the distribution of intensity I (a,
B, 9,, 0,) of the individual plane waves on the wafer

surface can be represented by the following equation:

I(a' Blallez)
=}" Y a,2,0,(0,,6,)D,(0,,8,)

exp(jt-£1(sin®, +ne/k) , -£18in0,}
-jW-F1(sinB, +mo/k, ~£151n8,]

exb[i (n-m) (£1/£2) val (9)

In the case of ideal imaging ignoring aberration

etc., the following equation stands:
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W(E,n)=0 (10)

Therefore, the distribution of intensity I (o, B,

0,, 0,) of the individual plane waves can be represented by

the followihg equation:

=Y 2,20,(8,,8,) +2¥" ¥ a,8,0,(6,,0,)

Dn(0,.8,) cosl(£f1/£2) (n-m) wa} | (11)

That is,lthe above-described equation is weighted in
accordance with the ratio of intensities of the respeCtivg
points oﬁ the fly’'s-eye lens and superposed to find the
overall distribution of the intensity of the light I (o,
B) on the wafer surface. |

(4) The above-described equation.gll) is a basic
eguation whgn performing ideél imaging. Below, the above-
described equation (1l) is actually analyzed. So as to
obtain a strict solution, it is necessary to superpose
all orders of the deffracted light, but even if attentiop
is paid to only the 0-th order and xl-th order light in
actuality, the higher order-defffacﬁed light is rejected

by the pupil at the problematic fine line widths and

therefore generality of the results of analysis is not

lost.

(5) When considering only the 0-th order and tl1-~th
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order light, due to the positional relationship of the
rejection of the deffracted light shown in Fig. 7, only

the four following cases exist in equation (12):

(1)

Py=P,=P_ =1

1(0,,0,)=a,+2a,cos{(£f1/£2)oalf (12)

(IT) .

Py=P,=1,P_,=0 or P,=P_=0,P,=0

I1(8,,8,)=a,2+a,?+2a,a,cos{(£1/£2)wa} (13)
(III)
P,=1,P,=P_ =0

1(0,,0,)=a, : (14)

(IV)

Py=P,=0,P_=1 or P,=P_,=0,P,=1

I(9,,6,)=a,? (15)
The case of (1) described above (equation (12)) is a

case where all of the 0-th order and +l-th order lights

- are fetched and imaging is carried out by three-beam

interference. The case of (II) described above (equation
{13)) is a case where one of the 0-th order and +l1-th order

lights is fetched and the imaging is carried out by two-
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beam interferencd. The case of (II1I) described above (the
above—déscribed equation (14)) is a case where only the 0-
th order light is fetched and occﬁrs undef the resolution
limit; that is, when the space frequency is high. The case
of (IV) described above (the above-described equation
(15)) is a case where one of the *l-th order lights is
fetched and occurs when the light source is éxtremely
large.

(6) By substituting each of the above-~described
equations (12) to (15) into the above-described equation
(4), the overall distribution of intensity I (a, B) is
found. However, the analysis of the abo&e-described
equations (12) to (15) suggests how it is possible to use
the halftone phase shifting mask method with respect to a
design pattern having any pattern density. Namely, when
différentiating éduation (12), there is a sblution with
which the cosine term and sine term become 0. This means
that whefé imaging is carried out by three-beam
interference, the secondary peak is always generated.
Also, even if the above-described equation (13) is
differentiated, only a solution with which the sine term
becomes 0 exists. This suggests that the secondary peak
will not be generated Qhen the imaging is carried out by
two—beaﬁ interference. Namely, it suggests that,

when a light source giving a strong intensity of the light
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at the center portion of the fly’s-~eye lens is used ;s in
the usual stepper, the three-beam interference becomes
dominant and a secondary peak is generated, while when a
light source giving a strong inﬁensity of the light at the
peripheral pbrtion of the fly’s-eye lens is used as in so-
called oblique incident illumination, it becomes two-beam
interference and a secondary peak is not generated.

(7) With the oblique incident illuminatic.m
technique, the illumination light is illuminated on the-

mask surface in an oblique direction, and as a result,

either of the 0-th order light or +1-th order light is

~made incident upon the pupil surface as shown in Fig. 8

and Fig. 9B, the other primary light is rejected by the
lens barrel, etc., and the pattern is formed by the two-
beam interference. As a result, the apparent numerical
aperture of the lens can be reduced and there is a great
effect of improyement of the depth of focus. On the other
hand, however, there are problems such as an increése of
the adjacency effect due to.the reduction of the effective
light sourcé, a lowering of the illuminénce, an increase
of the unevenness éf illuminance, a lowering of the y,
ekposure margin, a strong influénce of thé telecentricity,
etc.

Note that, in Fig. 8, reference numeral 20 denotes a

lamp or a laser; reference numeral 21 denotes a
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collimetor; reference numeral 22 denotes a fly’s-eye lens;
reference numeral 23 denotes a condensef lens; and
- reference numeral 24 denotes a reticle (mask). Also, Fig.
9A shows the case of.three-beam interference; and Fig. 9B
shows the case of two-beam interference.

(8) When considering the situation of the above-
described (6) and (7), it is gnderstood that it is
desirable to have a distribution of the intensity of the
light onutﬁe fly’'s-eye lens that emphasizes the obligue
incident component to such an extent that a secondary
‘peak, which is a problem in the halftone phase shifting
mask, is not generated and has a vertical inéident
component such thaﬁ the problem possessed by the oblique .
'iﬁcident exposure method is not-genefated.

(9) Based on the above-described concept, the
inventor discovered that the format shown in Figs. 10A and
" 10B is suitable as the distribution of thé amount of light
on the fly‘s-eve surface considering, in patterns of all
directions, the depth of focus of the periodic pattern,
the depth of focus of the isolated pattern, the generation
of the secondary peak, the degree of the adjacency effect,
the illuminance, the unevenness of illuminance, the
distortion change, etc., gna thereby completed the present
invention. Figure 10A shows the distribution of the amount

of light of the light incident upon the fly's-eye lens by
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numerals. The asterisk parts indicate the peak parts of
the amount of light and the numerals 0 to 9 show the
proportions of the amount of light where the peak part is
defined as 10. A distribution of the amount of light is
exhibited which is low in the center portion and high in
the peripheral portions. Also, Fig. 10B shows three-~
dimensionally the distribution of the amount of light
shown in Fig. 10A.

(10) The present invention can bé preferably used in
a case where the mask pattern bf the semiconductor device
is transferred to a resist by using photolithography and
in other cases.

- Concretely, the method of pattern formation according
to the present invention comprises irradiating light from
an effective light source to a mask, transferring the
pattern of the mask onto a substrate, and forming the
pattern on the substrate, wherein the amount of light
emitted from a center portion of the aforesaid effective
light source is lowered by a certain amount with respect
to the amount of light emitted from the peripheral
portions of the effective light source.

The amount of the light emitted from the center
portion of the éffeétive light_source is preferably
lowered by 2 to 90 percent with respect.to the peak value

of the amount of light emitted from the peripheral
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portions of the effective light source.

As the mask, use may be made of an ordinary chromium
mask or phase shifting mask etc. The present invention is
particularly effective in the case of use of a phase
shifting mask. The phase shifting mask is not particularly
limited and may for éxample be a rim tfpe or outrigger
type phase shifting mask.

The effective 1ight source is not particularly
limited, but for example suitable use may be made of a
fly's eye lens comprising an assembly of a plurality of
lenses. Alternatively, use may be made of a plurality of
optical fibers as the effective light source.

The region of the centér portion of the aforesaid
effective light source where the amount of light is
lowered is for example a region-of 10 to 40 percgnt of the
outer diameter of the effective light source.

The peak of the amount of light-at the peripheral
pértions of the aforesaid effective light source appears
for example at a few points at rotary symmetrical
positions at the peripheral portions of the effective
light source.

' The amount of light incident upon the center portion
of the aforesaid effective light sourcé can be lowered in
relation to the peak yalue of the amount of Iight incident

upon the peripheral portions of the effective light source
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by using a beam splitter and a pyramid or conical érism
lens. Further, the amoﬁnt of the light incideﬁt upon the
center portion of the effective light source can also be
lowered with respect to the peak value of the amount of
1ight incident at the peripherai portions of the effective
light source by using'a beam splitter alone, or pyramid or -
conical prism alone, or a plurality of pyramid or conical

prisms.

It is aléo possible to lower the amount of light
incident:upon the center portion of the aforesaid
effective light source lens relative to the peak value of
the amount of light incident upon the peripheral portions
of the effective lith source by using a filter having a
high transmittance at the peribheral portions as against
the center portion. '

It is also possible to lower the amount of light
emitted from the center portion of Ehe aforesaid fly’s eye
lens relétive té the peak value of the amount of light
emitted from the peripheral portions of the fly’s eye lens
by using a mechanical filter having opening portions
corresponding to the individual lenses of the fly’s-eye
lens and having diameters 6f the related opening portions
larger at the peripheral_portions relative to the center
portion.

It is also possible to lower the amount of light
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incident upon the center portion of the aforesaid
effecti&e light source'relative to the peak value éf the
amount ofllight incident upon the peripheral portions of
the effective lighp source by using a prism and optical
parts arranged so that they can be made to approach or
move‘away from this prism in the light path axis
direction.

It is also possible to lower the amount of light
emitted f£rom the ceﬁter portion of the aforesaid effective
light source relative to the peak value of the amount of
light emitted from the peripheral portions of the
effective light source by dividing the beam incident upon
the aforesaid effective light source to two or more beams,
irradiating the two or more divided beams onto the
aforesaid effective light source by using a movable
mirror, and utilizing the difference in scanning speed at
respective points of the surface of the effective light
source dependent upon the surface shape of the aforesaid
movable mirror.

The diameters of ﬁhe inidividual lens of the fly’s eye
lens may be uniform or may be larger at the centef portion
than the peripheral portions. For example, in a fly’s eye
lens,.the diameteré of the individual lens at the center
portion may be made 1.1 to 3 times the diameters of the

individual lenses at the peripheral portions. By
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configuring the lens in this way, it is possible to‘
prevent ﬁnevenness of iliumination.

Further, in the present invention, when a single
exposure time is T, it is possible to pass the light
through a first filter with a Higher transmittance at the
peripheral portiohs than the center portion for a time of
0.05 x T to 0.95 x T and to pass it through a second filter
or not pass it through a filter in the remaining exposure
time. By this, it is possible to lower the amount of light
from the center portion of Ehe effective light source
"relative to the peak value of the amount of light emitted
from thé peripheral portions of the effective light source
in just a single exposure time.

The apparatus for pattern formation according to the
present invention is one irradiating light from an
effectiQé light source to a.ﬁask, transferring the pattern
of the mask onto a substrate, and forming the.pattern on‘
the substrate'and is provided with a light intensity
distribution correcting means for lowering the amount of
light emitted from a center portion of the aforesaid
effective light éource by a certain amount with respect to
the amount of light emitted from the peripheral portions
of the effective light source.

The light intensity distribuéion correcting means

preferably is a means for lowering the amount of the light
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emitted from the center portion of the effective light
source by 2 to 90 percent with resbect to the peak value of
the amount of light emitted from the peripheral po;tions
of the effectivé light source.

The mask is preferably a phase shifting mask.

The effective iight source is preferably a fly’'s eye
lens qomprising an assembly'of a plurality of lenses. The
diameters of the individual lenses of the fly’s eye lens
are preferably larger at the center portion thgn the
peripheral portions.

The region of the center portion of the aforesaid
effective light source where the amount of light is
lowered by the light intensity distribution correcting
means is preferably a regioh of 10 to 40 percent of the
outer diameter of the effective light source.

The peak of the amount of light at the pefipheral

portions of the aforesaid effective light source

- preferably appears at a few points at rotary symmetrical

positions at the peripheral portions of the effective

light source.

The light intensity distribution correcting means

.preferably has an optical element which lowers the amount

of light incident upon the center portion of the effective
light source in relation to the peak value of the amount

of light incidenE upon the peripheral portions of the



24

" effective light source. In-a fly’'s eye lens, the di;ﬁeters
of the individual lens at the center portion are
preferably 1.1 to 3 times the diameters of the individual
}enses at the péripheral portions.

The oﬁtical element is preferably a beam éplitter
and/or a prism lens.

The light intensity'distribution correcting means
preferably haé'a.filter having a high transmittance at the
peripheral portions as against the center portion.

The light intensity distribution correcting means
prgferably has a mechanical filter, which mechanical
filter has opening portions corresponding to the
individual lenses of the fiy's—eye lens and has diameters
of the rélated opening portions larger at the pe:ipheral
portions relative to the center portion.

The light intensity distribution correcting means
prefefably has an optical element and optical parts
arranged so that they can be made to approach or move away
from this optical element in the light path axis
direction. In this case,.a prism etc. may be used as the
optical element.

The light intensity distribution correcting means
preferably further has means for dividing the beam
incident onn the aforesaid effective light source to two

or more beams, a movable mirror for irradiating the two or
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more divided beams onto the aforesaid effective light

. source, and scan means for lowering the amount of light

emit;ed from the center portion of the aforesaid effective
light source relative to the peak value of the amount of
light emitted from the periphe£a1 portions of the
effective light source by using‘the difference in scanning -
speed at respective points of the surface of the effective
light source dependent upon the surface shape of the.
aforesaid movable mirror.

The light intensity distribution correcting means may
also have a first filter wi;h a higher transmittance at
the peripheral portions than the center portion and_é
switching means for switching betweén a state passing

light through the first filter for a single exposure time

and a state performing exposure without passing through

"the first filter. In this case, the apparatus of the

present inventién preferably further has a second filter
with a distribution of transmittance different from the
first filter and causes the light to pass through the
second filter in the state performing exéosure without
passiﬁg.;hrough the first filter.

The switching means preferably has a rdtary disk on
which at least the first filter is mounted and a drive
means for driving the rotat?on of the rotary disk.

Further, the switching means may have a slide mechanism
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ehabling at least the first filter to move slidably.b
Eurther, as the switching means, use may be made of an
optical shutter type optical material whose transmittanée
of light changes according to the voltage applied.

The method of production of a semiconductor device
according to the present invention is particularly
suitable for use when making a semiconductor device on a
semiconductof Substrate using the above mentioned method
of pattérn formation.

BRIEF DESCRIPTION OF THE DRAWIi\IGS

These and other objecté and features of the present
invention will become clearer from the following
description of the preferred embodiments made with
reference to the atfached drawings, in which

Fig. 1 is a view showing the fact that unevenness is
always present on a substrate surface in an actual device;

Fig. 22 is a graph showing the dependency on the
numerical apertﬁre when the resolution of a depth of focus
in a-KrF excimer laser lithography is used as a parameter
and Fig. 2B is a table thereof;

Fig. 3 is a a cross-sectional view of a phase
shifting ﬁask used in a halftone-type phase shift method;

Fig. 4A is a grabh showing the distribution of the
intensity of the'light on a wafer surface according to a

chromium mask method and Fig. 4B is a graph showing the
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distribution of the intensity of the light on the wafer
surface according to the halftone phase shift method;-

Fig. 5A is a graph showing the existence of a
secondary peak according to the halfténe type phase shift
method and Fig. 5B is a cross-sectional view showing that
the peripheral portions are "gouged" in shape due to the
secondary péak even in an isolated contact hole;

Fig. 6 is a conceptual view of a projection optical
systgm of a stepper;

Fig. 7 is a view showing the positional relationship
of rejection éf deffracted light;

Fig. 8 is a view showing the concept of an oblique
incident illumination technique;

Fig. 9A shows a case of three-beam interference and
Fig. 9B is a conceptual view showing the case of two-beam
interference;

Fig. 10A is a view showing the distribution of the
amount of light on a fly’s-eye lens by numerical va;ﬁes
and Fig. 10B is a view showing three—dimensionally the
distribution of the amount of light on the fly's-eye lens;

Fig. 11 is a view showing an example of an |
illumination optical system of a KrF excimer laser laser
stepper;

Fig. 122 is a view showing the state of the beam on a
prism, Fig. 12B is a view showing_a superposition of beams
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on the fly's—eyé lens; and Fig. 12C is a view showin; the
Gaussian distribution of the amount of light;

Fig. 13A is a view showing the distribution of the
iﬁtensity of the light in a high densi;y pattern where a
re;icle composed of a usual chromium mask is used and in
addition the distribution of the amount of light on the
fly’s-eye lens is a Gaussian distribution and Fig. 13B is
a view showing the distribution of the inténsit& of the
light in the high density pattern where a reticle composeg
of a usual chromium mask is uséd and in addition the
distribution of the amount of light on the fly’s-eye lens
is the distribution shown in Figs. 10A and 10B;

Fig. 14A is a view showing a distribution of the
intensity of the light in a high density pattern where a
reticle composed of a phase shift halftone mask is used
and in addition the distribution of tﬁe amount of lighg on
the fly’s-eye lens is a Gaussian distribution and Fig. 14B
is a view showing the distribution of the intensity of the
light in the high density pattern where a reticle composed

of a phase shift halftone mask is used and in addition the

‘distribution of the amount of light on the fly’s-eye lens

is the distribution shown in Figs. 10A and 10B;
Figs. 15A and 15B are views showing a method of
superposition of beams, in which Fig. 15A shows the state

before the superposition and Fig. 15B shows the state
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after the suberposition;

Fig. 16 is graph showing results of measurement of"
the distribution of the intensity of the light on a wafer
surface for Compafétive Example 1;

Fig. 17 is a graph showing results of measurement of
the dist;ibution of the.intensity of the light on the
wafer surface for Example A;

Fig. 18 is a graph showing results of measurement of
the distribution of the intensity of the light on the
wafer surface for Example B;

Fig. 19 is a graph showing results of measurement of
the distribution of the intensity of the light on the
wafer surface for Example C;

Fig. 20A is a cross-sectional view of a pattern
formed where a halftone phase shifting mask is used in a
usual illumination staté of Comparative Example 1 and Fig.
" 20B is a cross-sectional view of a pattern formed where
the exposure method according to Example C is used;

Fig. 21A is a plan view of a contact hole pattern
formed where a halftone phase shifting mask is used in a
usual illumination state of Comparative Example 1 and Fig.
21B is a cross-sectional view of a contact hole pattern
formed where the exposuré method according to Example C is

used;

Figs. 22A and 22B show the effective of improvement
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of the depth of focus with a line width of 0.30 um, {;
which Fig. 22A is a graph showing a depth of focus when the
distribuﬁion of the intensity of the light 6n the

conventional (Comparative Example 1) fly’s-eye lens is

" used without use of the halftone phase shifting mask and

Fig. 22B is a graph showing the depth of focus when the

exposure method according to Example C is used;

Fig. 23 is a plan view of the fly’s-eye lens;

‘Fig. 24 is a view showing Ehe concept of a mechanical
filter}

Fig. 25 is a view showing the state of a beam when a
pyramid prism or conicai prism is used; |

Fig. 26 is a schematic view of a pattern for
explaining Example 8. |

Figsf 27A to 27C are graphs showihg the variations in
critical dimensions;

Figs. 28A to 28C are SEM photograﬁhs of hole patterns
of the examples and comparative examples;

Fig. 29 is a view of the distribution of the

-intensity of the light used in Example 10;

Figs. 30A and 30B are views of examples of filters
used in the examples;

Fig. 31 is a view showing the concebt of addition of
distributions of the ihtensity 6f the.light;

Figs. 32A to 32C are views of examples of switching
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devices of filteérs;

Fig.-33 is a view showing the éoncept of addition of
distributions of the-inténsity of the light;

Figé. 34A to 34C are SEM photographs of hole patterns
of the examples and comparative examples; and

Fig. 35 is a view of the depth of focus in the
examples and comparative examples.

DESCRIPTiON OE‘ THE PREFERRED EMBODIMENTS

Below, embodiments of the present invention will be
concretely éxplained. Noté, of course, the present
inﬁéntion is not restricted by the embodiments.

Example 1

This example is one wherein the distribution of the
amount of light shown'in Figs. 10A and 10B is formed on an
incident plane of the fly’s-eye lens 37 of an exposure
- device shown in Fig. 11 and the depth of focus is improved
so as to étably tfansfer a semiconductor device pattern
using a halftone phase shifting mask. Note that Figs. 10A
and 10B show a shape wherein a quadrupole is formed,

though slight, but there is no problem even if a annular

or other shape is'édopted. The results shown in the
present example are results obtained by using a KrF
excimer {gser stepper, but the results haye generality and
are not results which cannot be obtained depending on the

wavelength be used. They can be applied as they are to
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conventionally used g-rays and i-rays as well. Also:‘they
cén be_preferably used also with respect to future ArF
excimer lasers and other waveleﬁgths.

First, an explanation will be made of the overall
structure of the exposure device.

As shown in Fig. 11, this exposure device comprises'a -
laser device and a stepper device. The laser device is
constituted by an excimer laser 30, a dosage control ﬁnit
31, a shifting unit 33, and an emission optical system 34. .

- The stepper device is constituted by a beam splitter
35, a prism unit 36, a fly’s-eye lens 37, a masking blade
38, a reticle 39, and a projectién lens 40. The light for
exposure emitted from the excimer laser 30 is made
- incident upon the fly’s-eye lens 37 through the aforesaia
various optical systems. The fly’s-eye lens 37 becomes the
secondar? light source. That light for exposure reaches
the top of the surface of the wafer 41 through the reticle
39 on which the mask pattern is formed. The pattern of the
reticle 39 is transferred onto the wafer surface.

The fly’s-eye lens 37 is an assembly of a plurality
of (for example, 100) lenses. The outer diameter as a
whole is usually 5 cm to 20 cm.

_ Next, an explanation will be made of the procedure
whén the distribution of the amount of'light-shown in

Figs. 10A and 10B is selected for the incident plane to
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the aforesaid fly’s-eye lens 37. The procedures of the
following (1) to (3) were carried out.

(1) The distribuﬁion of the amount of light on the
surface‘of the fly’s-eye lens of the conventional stepper
becomes a Gaussian distribution of a high amount at the |
center portion and a low amount at the peripheral portions
as shown in Fig. 12C. This is because, as shown in Fig.
12A, the light split by the'beaﬁ splitter 35 is cémbined
by the prism as shown in Fig. 12B.

Since the distribution of the amount of light
becomes that shown in Fig. 12C, there was a problem that
the illumination‘light effective for a rough pattern was
strong and, simultaneously, Ehe illumination light
-generating a secondary peak on the wafer 41 surface and
effective for a fine pattern was weak.

(2) ©So as to solve this problem, the intensity of
the light of the center portion of the fly’s-eye lens was
gradually shielded, and the oblique incident component was
emphasized to an extent that the secondary peak, which is
the problem in a halftone phase shifting mask, was not
generated.

(3)” As a result, it was found that, when the'maximum
the intensity of the light existing at the peripheral
portions on the flyfs—eye lens was defined as 1, in a

distribution of intensity wherein the intensity of the
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center portion was 0.9 or less, preferably 0.8 or le;s, a
secondary peak was not generated.

Figure 13A shows the distribution of the intensity of
the light in a high density pattern in a case where a |
reticle comprising a usual chromium mask was used and in
addition the distribution of the amount of light on the
fly’'s-eve lens was a Gaussian distributionf Figure 133
shows the distribution of the intensity of the lighf in a
high denéity pattern in a case where the reticle
comprising a usual chrémiuﬁlmask is used and in addition
the distribution of the amount of light on the fly’'s-eye
lens is the distribution shown in Figs. 10A and 10B.

Figure 14A shows the distribution.;f thé intensity of
the light ih a high density pattern in é case where a
reticlelcomprising a phase shift halftone mask was used
and in addition the distribution of the amount of light on
the fly’'s-eye lens was a Gaussian distribution. Figure 145
shows the distribution of the intensity of the light in a
high density pattern in a case where the reticle
comprising a phase shift halftone mask was used and in
addition the distribution of the amount of light on the
fly’s-eye lens was the distribution shown in Figs. 10A and
10B.

In Figs. 13A and 13B and 14A and 14B, the conditions

were a wavelength A for the exposure light of 248 nm, a
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numerical aperfure NA of 0.45, a 6 of 0.7, a ratio of the
line width versus the interval of 1:1, and a resolution of
0.35 pm. The focus F was changed to 0.0, 0.4, 0.6, 0.8, and
1.0 pm.

As shown in Fig. 13B and Fig. 14B, when the method of
the present invention is used, the secondary peak is
reduced.

The results shown in Figs. 10A and 10B show the
formation of a quadrupole, though slight, but there is no
problem even if an annular or other shape is adopted. In
the end, it is sufficient so far as the intensity of the
center portion is 0.9 or less, preferably 0.8 or less when
the maximuﬁ intensiﬁy of the light existing at the
peripheral portions on the fly’s-eye lens is defined as 1.

(4) An exposure technique for enlarging the depth of
‘focus, without being influenced by the secondary peak, by
using a halftone phase shifting mask and.without a placing
a load §n the design of the mask was established by using
the presgnt example.

Example 2

The present example is one wherein a desirgd
distribution of.the intensity of the light on the fly’s-
eye lens in ﬁhe present invention is formed when stably
transferring a semiconductor device pattern by using KrF

excimer lithography using the halftone phase shifting
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mask. The prqcedures of the following'(l) to (3) we;é
carried out. |

(1) In the illumination optical system of the KrF
excimer laser sEepper shown.in Fig. 11, the laser beam was
.divided into four beams by the beém splitter. Therefore, a
desired ?istribution of the amount of light was reproduced -
on the fly‘s-eye lens by adjusting the opening angle of
the beams and beam intervals when resuperposing these
divided beams.

(2) Namely, by dividing a beam 42 as shown in Figi
15A by the beam splittef 35 shown in Fig. 11 and
superposing the resultant beams by using a prism unit 36
shown in Fig. 11 (refer to Fig. 15B), the desired
distribution of the amount of light of the present example
was reproduced on the fly’s-eye lens.

In Fig. 15A, the shépe of the light source after the
superposition determinéd.hOW'much Ehe respective beams 42
before the supefppsition were shifted to the inside or how
much the dimensions were to be made at the shorter side
direction of the beams. In Fig. 15B, the four corner
portions 43 are light superposition portions ana parts
acting as the peak parts of the amount of light. At the
center portion 44, light exists due to the spread of the
respective beams, but the amount of light is low.

The distribution of the amount of light on the fly’s-
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eye lens surface obtained when the beams are superposed by
using the present method is similar to the results shown
in Figs. 10A and 10B.

(3) From the above, in the example of the present
invention, a shape of.a light source emphasizing the
obligue incident component to such an extent that the
secondary peak was not generated:was established.

Example 3

In the above-described Example 2, when forming a
shape of the light source sﬂape emphasizing the oblique
incident component to such an extent that the secondary

peak is not generated, if the intensity of the light at

.the center portion on the fly’'s-eye lens is set too small,

the problem inherent in the obligue incident exposure
method mentioned above becomes more conspicuous, although
a secondary peak is not generated. The present example is

one wherein the lower limit (2 percent) of the intensity

of the light of the center portion on the fly’s-eye lens

is found based on the following optimization:
(1) The influence exerted upon the resolution
performance when changing the intensity, of the light at

the center portion of the fly’s-eye lens is shown in Table

1.



Table 1

Comp. | Ex. A | Ex. B| Ex. C| Ex, D | Comp. | Comp.
Ex. 1 Ex 2 |Ex. 3
0.35 um Center of vertical line 1.4 1.8 1.8 2.1 | 2.6 3.5 2.0
DOF (um) | End portion of vertical line | 1.3 1.8 2.0 1.8 2.2 3.5 2.0
Center of oblique line 1.6 |2.0 |21 |2.1 |2.4 |18 [3.3
End portion of oblique line 1.5 1.6 1.5 1.7 2.2 1.7 1.8
Vertical isolated line 1.3 |1.3 (1.5 1.4 |1.5 |1.4 1.3
Oblique isolated line 1.4 1.3 1.3 1.4 1.4 1.0 1.2
Overall 0.42 0.6 |1.0 |1.1 0.8 |1.02 |1.2
CD uniformity (pm) 0.062 | 0.065{0.060{0.050}0.0700.062 ) 0.042
Illumination output (mw/cm?)llumination | 220 220 210 200 194 62 64
uniformity (%) 1.4 1.5 1.3 1.5 2.0 6.6 '5.7
Light amount of center portion (%) - 90% 50% 30% 2% - -
- Gauss Annular
distribution illumination

Four-point

illumination

8¢

o
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Table 1 shows the change of the dépth of focus, line
width uniformity, illuminance, illuminance unevenness,
and diétortion with a line width of 0.35 pm.

In the table, the part indicated by ®overall*® is thé
common depth of focus for all these groups. Namely, the
values of the depth of focus indicated for "overall® are
the depths of fdcus important when fabricating an actual
semiconductqr device in which various pattern shapes,
roughness or density of pattern, and directivity are
coﬁtained. |

Also, Comparative Example 1 shows a conventional
exposure method giving a distribution of the intensity of
the light of a Gaussian distribution on the fly‘s-eye lens
surface; Comparative Example 2 shows four-point
illumination in the oblique incident illumination; and -
Compara;ive Example 3 shows annular illumination.

Examples A, B, C, and D show depths of focus when
using distributions of thé intensity of the light having a
vertical incident component so that the oblique incident
component is‘gradually emphasized in the intensity of the
light of the center portion of the fly’s-eye lens and the
problem possessed by the oblique incident exposure method
is not generated. In these Examples A, B, C, and D, the
conditions are the same-except that the amount of light

of the centér portion on the incident plane of the fly’s-
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eye lens is changed to 90 percent, 50'percent;s30 péfcent,
and 2 percent, respectively, with respect to the peak
" value of the peripheral portions.

The overall depth of focus is 0.42_um in the
conventional exposure method (Comparative Examéle 1),
while the depth of focus is 1.02 pm in the oblique
incident illumination (Coﬁparative Example 2) and 1.2 pum
in the annular illumination  (Comparative Examplé 3).
Namely, where the oblique incident illumination and
annular illumination are used, there is a conspicuous
effect of improvément of the depth of focus at the center
.portion of a five-bar chart, but the depth of focus
containing all patterns dug to the already mentioned
problem, that is, the'adjacency effect, is not so great.

On the other hand, in the intensity of the light at
the center portiocn on the fly’s-eye lens, when the obligque
incident component ié gradually emphasized and a
‘@istribution of-thé intensity of the light having a
vertical incident component is used so that the problem
possessed by the oblique incident exposure method is not
generated (Examples A to D), even in the effect of
imprOvegent of the depth of focus at the center line of
the five-bar chart} an effect of improvement of the depth
of focus equivalent to that by annular illumination

(Comparative Example 3) is obtained, i.e., the depth of
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focus is improved 2.5 times or more compared with the
conventional method (Comparative Example 1).

The results of measurement of the distribution of fhe
intensity of the light on the wafer surface for the
aforesaid Examples A, B, and C are shown in Figs. 17 to 19,
while those fdr the conventionai method (Comparative
Example 1) are shown in Fig. 16. As shown in Figs. 17 to
19, in comparison with the coénventional method shown - in
Fig. 16, in the present Examples A, B, and C, the
secondary peak p could be reduced.

In actuality, in the above-described Comparative
Example 1 and Example C, the difference of the resolutionl
perfofméhces where the pattern is formed on the surface of
the semiconductor wafer is shown in Figs. 20A and 20B.
Figﬁre 20A is a cross-sectional view of a wafer where é
line pattern having a line width of 0.3ﬁ fm is actually -
formed by using the halftone phase shifting mask in a
usual illumination s£ate of Comparative Example 1. The
used exposure device is a KrF excimer laser stepper of a
numerical aperture of 0.45. As a resist, a chemical
amplifying type positive resist was used. Attenﬁion was
paid to a pattern having a rough/dense ratio of line
versus space of 1:1.5.

Figure 20B is a cross-sectional viéw of a wafer in

the case where light is illuminated onto the fly’s-eye
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lens with-a distribution of the amount of light of éxample
C, thié is used as a secondary light s-ource, and a line
pattern having a line width of 0.30 um is actually formed
by using the halftone phase shifting mask. The other
conditions are similar to the case of Fig. 20A.

In the conventional method (Compafative Example 1),
the pattern 52 resulting from the secondary peak ends up
resolved in addition to the desired pattern portion 50. On
the other hand, in the exposure method according to the
present Example C, the pattern 50 is preferably formed
without influence by the secondary peak. Also, even if the
focus is deviated by +0.6 pm, a good pattern 50 is formed.

Figure 21A is a plan view of a semiconductor wa;fer
where a contact hole of 0.3 um is actually formed by u_sing
the haiftone phase shiftihg mask in the usual illumination
state of the above—describeci Comparative Example 1. The
used exposure deviée is a KrF excimer laser stepper of a
numerical aperﬁure 0.45. As a resist, a chemical
amplifying type positive resist was used. Attention wa;s
paid to a pattern having a rough/dense ratio of 1:1.

Figure 21B is a cross-sectional view of a wafer in
the case where light is illuminated onto the fly’s-eye
lens with a di.stribution of the amount of light of Example
C, this is used as a secondary light source, and a contact

hole of 0.30 pm is actually formed by using a halftone
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phase shifting mask. The other conditions are similar to
the case of Fig. 20A.

In the conventional method (Comparative Example 1),
the pattern 52a resu;ting from the secondary peak ends up
resolved in addition to the desired pattern portion 50a.
On the other hand, in the exposure method according to the.
present Example C, the pattern 50a is preferably formed
without influence by the.secondary peak. Also, even if the
focus is deviated by #0.6 um, a good pattern 50a is
formed. |

Figures 22A and 22B show the effect of improvement of
the depth of focﬁs with a line width of 0.30 um. The used
exposure device is a KrF excimer laser stepper of a
numerical apertﬁre of 6.45. As the resist, a chemical
aﬁplifying type positive resist was used. Attention was
paid to patterns having a rough/denée ratio of line versus
spacé of 1:1 and 3:1. When & halftone phase shifting mask
was not used and the conventional (Comparative Example 1)
distribution of the intensity of tﬁe light on the fly’s-
eve lens was used, a depth of focus of only about 0.9 pm
could be obtained. On the other hand, in the exposure
method according to the present example C, a depth of
focus of 1.86 um, which is more than two times this, is
obtained. Note that, although it has been already.

mentioned, when the distribution of the intensity of the
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light on the conventional fly’s-eye lens and the halftone
phase shifting mask are combined, a éattern resulting from
the secondary peak ends up resolved, and allowable imaging
is not achieved.

According to the pfesent example C, it was confirmed
that the depth of focus could be enlarged without
influence by the secondary peak and without a load being
placed on the design of the mask by using a halftone phase
shifting mask.

(2) As shown in Table 1, the illuminance
(illumination output) is lowered to about 30 percent in
comparison with.the conventional method (Comparative
Example 1) when using the oblique incident illumination
(Comparative Example 2).metﬁod or annular illumination
(Comparative Example 3) method. On the other hand, in the
present Examples A to D, an iliuminance (illumination
'butput) lowered to about 10 percent is enough. Moreover,
the unevenness 6f illumination (illumination uniformity)
deteriorates to about 5 percent if the oblique incideht
method (Comparative Example 2) or the annular illumination
~method (Comparative Example 3) is used. Considering the
sensitivity of the resist, the line width varies due to
the unevenness of illumination. On the other hand, when
the examples 6f the present invention are used, the

unevenness of illumination is the same degree as with the
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conventional method, so thgre is no adverse.influence by'_
the present invention.

(3) When defining the intensity at the peripheral
- portions of the fly’s-eye lens as 100, it was found that
with a distribution of intensity giving an intensity of
the ceﬁter portion of 2 percent, preferably 20 percent or’ .
more, there were none of the problems possessed by ﬁhe
oblique incident exposure_méthqd, that is, the increase of
the adjacency effect due to the reduction of the effective
1igh£ source, lowering of the illuminance, increase of the
illuminance unevenness, loWering of the exposure margin, a
strong influence of the telecentricity, etc.

Namely, it is learned that a distribution of the
intensity of the light on the fly’s-eye lens having a
vertical incident component of 2 percent, preferably about
20 percent or more, is.preferable so as not to cause the
problems possessed by the oblique incident exposuré
method.

| {4) It was found from the %bove that, according to
Example 1 and the present example, when the maximum
intensity of the light in.the distribution of the
intensity of the light on the fly‘’s-eye lens was 100, by
setting the intensity of the light of the center portion
to 2 to 90 percent, preferably 20 to 80 percent, no

secondary peak was generated in the distribution of the
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intensity of the light on the wafer surface and the;e were
none of the problems inherent in the obligue incident
exposure method.

The results shown in the pfesent example are results
obtained by using a KrF excimer laser stepper, but the
results have generality and can be applied as they are to
conventionally used g-rays and i-rays as well. Also, they
can be preferdbly used also with respect to'future ArF
excimer lasers and other.wavelengths.

Example 4

The present example is one wherein the desired
distribution of the intensity of the light on a fly’s-eye
lens in the present invention is formed by using an
absorption type or reflectiop type filter mounted on the -
fly's-eye lens when stably tranSferring the semiconductor
device pattern by using a halftone phase shifting mask.

In the illumination optical system of the stepper,
when defining the distribution of the intensity of the
light immediately beﬁore the light is incident upon the
fly’'s-eye lens 37 shown in Fig. 23 as I, (x, y), the
desired distribution of the inténsity of the light can be
obtained by attéching an absorption or reflection type
filter having a transmittance T (x; y) to the position
immediately before or after the light is incident on the

fly‘’s-eye lens. Namely, a filter having a different
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transmittance for each position was obtained by vapor-
depositing a semi-transparent film to the surface of a
ground material such as of synthetic guartz. Note, the
coordinate system on the fly’s-eye lens sﬁrface is méde
{(x, v).

Due to the ébove, a state of the light source which
emphasizes an oblique incident coméonent to such an extent
that a éécondary peak is not generated and does not have
any'of the problems inherent in the oblique incident
exposure method was established.

Example 5

The present example is one wherein the desired
distribution of the amount of light is formed 6n the
ﬁly’s—eye lens surface by using a mechanical filter 60 aé
shown in Fig. 24 when stably transferring a semiconductor
device pattern by using a halftone phase shifting mask.

In the distribution of the intensity of the light
immediately before the light is incident upon the fly‘’s-
eye lens, in the case of a so-called "Gaussian
distribution® illumination where the center portion has a
strong intensity of the light, a metal plate provided with
openings having é size the same extent as fhat of'the
individua} fly‘s-eye lenses for the_periphe;al region in
which the oblique incident component should be emphasiéed

and having gradual smaller openings than that of the
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individual fly’'s-eye lenses toward the center regioﬂpis
inserted immediately before the fly’s-eye lens so that the
distribution of the intensity of the light immediately
after the transmissipn through the fly’s-eye lens becomes
the desired distribution of the intensity of.the light.

Note that, in the case of a so-called "flat"
illumination where the distribution of the intensity of
the light immediately.before the light is incident upon
the fly‘s-eye lens is flat, a metal plate provided with
openingé having a size the séme extent to that of the
individual fly's-eye lenses for the region in which the
oblique.incidenﬁ component should:be emphasized having
smaller openings than Ehat of individual fly‘’s-eye lenses
at the cénter portion where the intensity of the light
should be lowered is inserted immediately before the
fly’s~eye lens sé that the distribution of the intensity
of the light immediately after the transmission through
the fly’'s-eye léns becomes the desired distribution of the
intensity of the light.

_Due to the above, a state of the light. source which
emphasizes an oblique incident compdnent'to such an extent
that a secondary peak is hot generated and does not have
any of the problems inherent in the obligque incident

exposure method was established.

Examgle 6
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The present example is one wherein the desired
distribution of the intensity of the light on the fly’s-
eye lens in the present invention is obtained by attaching
a pyramid prism or a conical prism in the interior of the
illumination system, which has not been divided in the
light péEh, wﬁen stably transferring a semiconductor
device pattern by using a halftone phase shifting mask. It
is also possible use these prisms alone or to use a prism
70 integral with a optical part 72 having a shape fitting
the same as shown in Fig. 25. Where used integrally, when
the exposure method according to the present invention.is
used, the desired distributién-of the intensity of the
light on the fly‘s-eye lens is obtained by making the
distance between the prism 70 and the optical part 72
having a-shape fitting the same variable.

Moreover, in the formation of a pattern by using
usual illumination as weil, use may be made of a priém énd
an optical part 72 having a shape fitting the same |
attached closély together. Namely, a zoom function is
given by eithe;-of the prism 70 or the optical part 2
.having a shape fitting the same and the zoom function is
controlled by input from the console side.

Due to the above, a state of the light source which
emphasizes an oblique incident component to such an extent

that a secondary peak is not generated and does not have
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any of the problems inherent in the oblique inciden:;
exposure method was established.

Example 7

The present example is one wherein, when stably
transferring a semiconductor device pattern by using.a
halftone phase shifting mask, the light path is divided
into two or more paths, the illumination light is
irradiated onto the fiy's—eye lens by using a vibration
mirror having a concave surface or a rotating polygonal
mirror. in individual light paths, and use is made of the
difference of the scanning sp_eed at the surfaces of points
of the fly’s-eye lens depending upon the shape of the:
mirror surface so as to control the oblique incident
component and vertical incident component through t.he
entire exposure ﬁime and control the distribution of the
deffracted light at the mask. Note, the scanning
directions when using the two or more divided beams are
made orthogonai . Note that the scanning speed was
controlled by synchronizing the same wii:h the resist
exposure time.

Due to the above, a state of the light source which
emphasizes an oblique incident component to such an extént
that a secondary peak is not generated and does not have
any of the problems inherent in the obliqué incident

exposure method was established.
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Example 8.

This example is one in which the intensity of the
light at the center poftion of the fly’s-eye lens is made
30 percéht relative to that of the peripheral portions as
in Example C of the above Example 3 when transferring a
memory cell pattern using a halftone phase shifting mask.
The distribution of the intensity of the light is the same
as the distribution shown in Figs. 10A and 10B. The
exposure device used was the one shown in Fig. 11. More
specifically, use was made of a KrF excimer laser stepper
of a numefical aperture of 0.45. Further, as the resist,
use was made of a chemically amplified positive resist
(WKﬁ—PTZ).

An outline of the memory cell pattern obtained by
this exposure is shown in Fig. 26. One cell is constituted
by a pair of gate electrodes 80a and 80b. Considering the
fact that the memory cells ére densely arranged no matter
what the position on the wafer, cell numbers were given in
order from the end and the critical dimensions of the
pattern of one electrode in a cell, for example, the ieft
side gate electrodé 80a, were measured. The variations in

the critical dimensions in Example 8 are shown in Fig.

27A.

As Compdrative Example 4, the same procedure was

performed as in Example 8, except that the distribution of'
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the intensity of lighﬁ irradiated on the fly‘s-eye lens
was made the Gaussian distribution shown in Fig. 12C, to
form a memory cell pattern. The results of measurement,
performed in the same way as in Example 8, are shown in
Fig. 27B.

As Comparative Example 5, the same procedure was
performed as in Example 8, except that the distribution of
the intensity of light irradiated on the fly’s-eye lens
was made an annular illumination distribution (the
: intensiﬁy of the light at the center portion of 0), to
form a memory cell pattern. The results of measurement,
performed in ﬁhe same way as in Example 8, are shown in
Fig. 27C.

In Example 8, it waé confirmed that the variations in
critical dimensions were greatly reduced compared with
Comparative Example 5.of the annular illumination.
Further, in Comparative Example 4, while there was little
variation'in thé critical dimensions, the effective light
source was a conventional Gaussian distribution one, so
there was the chance of occurrence of a secondary peak and
the depth of focus was small.

Example 9

This example is one in which the intensity of the
light at the center pbrtion of the fly’s-eye lens ié made

30 percent relative to that of the peripheral portions as
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in Example C of the above Example 3 when transferring a
0.30 pum inside diameter contact hole pattern'using a
halftone.phase shifting mask. The distribution of the
intensity of the light is the same as the distribution
shown 'in Figs. 10A and 10B. The exposure device used was
the one shown in Fig. 11. More specifically, use was made
of a KrF excimer laser stepper of a numerical aperture of
0.45. Further, as the resist, use was made of a chémically
amplified positive resist (WKR-PT2).

Patterns were formed under conditions of a best
focus, a -1.0 pm defocus, and a +1.0 um defocus for
patterns of ratios of the inside diameter of the contact
holes and the intervals.between them (duty ratio) of 1:3,
1:1.5, and 1:1. That is, patterns were formed for nine
sets of conditions. SEM photographs of the contact hole
patterns obtained undéf these nine sets of exposure
conditions are shown all together in Fig. 28A. As
iliustrated, it was confirmed that contact hole patterns
can be excellently formed even if the duty ratips differ
or with defocusing.

As Comparative Example 6, the same procedure was
performéa as in Example 9, except that the distribution of
the intensity of light irradiated on the fly’s-eye lens
was made the Gaussian distribution shown in Fig. 12C, to

form contact hole patterns. The results of wbservation by
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SEM photographs, performed in the same way as in Exémple
9, are shown in Fig. 28B. In patterns with densely
arranged hbles, holes caused by the secondary pegk ended
up being formed.

As Comparative Example 7, the same procedure waé
performed as in Example 9, except tha£ the distribution of .
the intensity of light irradiated on the fly’s-eye lens
was made an annular illumination distribution (the
intensity of the lighf at the center portion of 0), to
form contact hole patterns. The results of observation by
SEM photographs, performed in the same way as in Example
9, are shown in Fig. 28B. While there was no problem at the
time of the best focus, good holes could not be formed at
the time of defocusing;

Example 10

Example 10 is one in which the amount of the light
emitted from the center portion of the effective light
source is loweréd by a certain amount relative to the
amount of light emitted from the peripheral portions of
the effective light source by passing light through a
first filter with a higher transmittance at the peripheral
portidns as against the center portion for a time of 0.05
X T to 0.95 x ?; when a single exposure time is.T, and not
passing it through the filter in the remaining exposure

time.
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In this example, use is made of an exposure device of
the basic configuration shown in Fig. 11. In the state
where the light is not passed through the filter, the
distribution of the intensity of the light incident on the
fly’'s~eye lens used as the effective light source is made
the flat distribution of intensity of light shown in Fig.
29..

In this example, the rotary disk type filter
switching device 90 shown in Fig. 32A, for example, is
disposed at the light incident_side or the light emission
side of the fly’s-eye lens 37 shown in Fig. 11. This
filter switching device 90 is comprised of the rotary disk
92 and a rotary drive shaft 94 for driving the same. The
rotary disk 92 has formed on it, along the peripheral
direction, a light transmitting opening 95, a filter 96,'
and othér filters. The filter 96, for example as shown in
Fig. 30A, blocks light in a range of 0.5 from.the center
portion when thé outer diameter is 1.0.

- When a single total expésure time is 1 second, in the
initial 0.2 second, the exposq;e light is passed through
the opening 95 shown in Fig. 322, then the rotary disk 92
is rotated instantaneously and the exposure light is
bassed through the filter 96 for exposure in the remaining
0.8 second. As a resulﬁ, as shown in Fig. 31, the

distribution of the intensity of the light from the
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effeétive light source per single exposﬁre time becomes
equal to the distribution of the intensity of light of the
sum of the product of the distribution of the intensity of
light shown in Fig. 29 and time and the product of the
distribution of the inteﬁsity of light shown in Fig. 302
and time.

Accordingly, in this example as well, the

distribution of the intensity of light of the light source

~can give a certain degree‘of intensity of light at the

center portion of the light source while emphasizin§ the
two—béam component and enables enlargement of the depth of
focus of the dense pattern without affecting isolated
patterns.

In this example, a halftone mask was used as the
mask, bu; a ﬁsual chromium mask can also be used. Further,
tﬁe total exposure time is not limited to one second. It
may be made shorter or longer depending on the other
conditions. |

Example 11

Example 11 is one in which the amount of the light

"emitted from the center portion of the effective light

source is lowered by a certain amount relative to the
amount of light emitted from the peripheral portions of
the effective light source by passing the light through a

first filter with a higher transmittance at the peripheral
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portions as against the center portion for a time of 0.05
x T to 0.95 x T, when a single exposure time is T, and not’
passing it through the filter in the remaining exposure
time.

In this example, use is made of an exposure device of
the basic configuration shown in Fig. 11. In the state
where the light is not passed through the filter, the
distribution of the intensity of the light incidént on the
fly’'s-eye lens ﬁsed as the effective light_source is made
the flat distribution of intensity of light shown in Fig.
29.

In this example, the sliding type filter switching
device 97 shown in Fig. 32B, ﬁor example, is disposed at
the light incident side or the light emission side of the
fly’s-eye lens 37 shown in Fig. 11. This filter switching
device 97 is provided with a filter holder 98 which holds
a plurality of types of filters 96a to 96d and can slide
them at a high speed. lThe filter 96a, for example as shéwn
in Fig. 30A, blocks light in a range in a cross-like range
of a width of 0.35 when the outer diameter is 1.0.

When a single totél exposure time is 1 second, in the
initial 0.2 second, all of the filters 96a to 964 are
retracted'in the holder 98 shown in Fig. 32B and exposure
light is not passed through any filter. Next, the filter

96a is slid out instantaneously and the exposure light is
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passed through the filter 96a for exposure for 0.3 ééCond.
Next, the filter 96a shown in Fig. 32B is slid back into
the holder 98.instantaneously and, simultaneously, the
filter 96b is slide out and the exposure light is passed
through the filter 965 for exposure in the remaining 0.5
second. As a result, as shown in Fig. 33, the distribution -
of the intensity of the light from the effective light
source per single exposure time becomes equal to the
distribution of the iﬁtensity of light of the sum of the
product of the distribution of the intensity of light
shown in Fig. 29 and time and the product of the
distribution of the intensity of light shown in Fig. 30A
and time.

Accordingly, in this example as well, the
distribution of the intensity of 1ight of the light source
can giveualcertain degree of intensity of light at the
center portion of the light source while emphasizing the
two-beam componént and enables enlargeﬁept of the depth of
focus of the dense pattern without affecting isolated
patterns.

In this example, a halftone mask was used as the
mask, but a usual chromium mask can also be used. Further,
the ﬁotal exposure time is not iimited to one second. It
may be made shorter or longer depending on the other

conditions.
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Example 12

Example 12 is one in which the amount of the light
emitted from the center portion of the effective light
source is lowered by a certain amount relative to the
amount of light emitted from the peripheral portions of
the effective light source by passing light through a
ﬁilter with.a_variable transmittance and performing
exposure while changing the distribution of the light
transmittahce of the filter midway in a single exposure
time.

In this example, use is made of an exposure device of
the basic configuration shown in Fig. 11. In the state
where the light is not passed through the filter, the
distribution of the intensity of the light incident on the
fly’s-eye lens used as the effectivé light source is made
the flat distribution of intensity of light shown in Fig.
29. |

In this exémple, the optical shutter type optical
material 100 shown in Fig. 32C, for example, is disposed
ét the light incident side or the light emission side of
the fly’s-eye lens 37 shown in Fig. 11. This optical
shutter type optical material is for example comprised of
PLZT (lead iir;onate titanium dioxide with lanthanum) and
is provided Qith.a plurality of fine electrodes on at

least one side of its substrate. The light transmittance
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of this material changes upon application of voltagé; By
suitably designing the shapes of the electrodes provided
on the surface of the optical ﬁate;ial 100, it is possible
to separately control the céntral region 102 and the
peripherél region 104 and possible to instantaneously
block light at just the center portion 102 by apnlying
voltage.

When a single total exposure time is 1 second, in the
initial 0.2 second, the center portion 102 and the
peripheral portion 104 shown in Fig. 32C are made to
transmit light and ;he exposure light is passed through
them. Next, voltage is instantaneously applied to just the
electrodes of the center portion 102 to make the center
portion 102 block light. The exposure light is passed in
this state. As a result, it is possible to obtain similar
results as with Ekémple 10.

Note that it is possible'to obtain various types of
distributions of intensity of light by suitably designing
the shapes of the electrodes forméd on the surface of the
optical material iOO, the intervals of their'arrangement,
and the conditions of application of voltage.

Accordingly, in this example as well, the
distribution of thé intensity of light of the light source
can give'a certain degree of intensity of light at the

center portion of the'light source while emphasizing the
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two-beam component and enables enlargement of the dépth of
focus of the dense pattern without affecting isolated
patterns.

In this example, a halftone mask was used as the
mask, but a usual chromium mask can also be used. Further,
the total exposure time is not limited to.éne second. It
may be made shorter or lonéer depending on the other
conditions. -

Example 13

This example is one in which use is made of any of the
multiple exposures shown in Examples 10 to 12 to obtain
the effective light source of the distribution of the
intensity of light shown in Fig. 34B.

Using an effective light source with a low intensity
of light at the center portion, a halftone phase éhifting
mask, and a KrF excimer laser stepper of a numerical
aperture of 0.45, contact hole patterns of inside
diameters of 0.30 um were formed on substrates. As the
resist, use was made of a chemically amplified positive
resist (WKR-PT2). The contact hole patterns were forméd
changing the ratio between the inside diameter of the
contact holes and the intervals between them (duty ratio)
to 1:3, 1:1.5, and 1:1. The results of SEM photographs are
shown in Fig. 34B.

As Comparative Example 8, the same procedure was
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performed as in Example 13, except that the distriBution
of the intensity of light irradiated on the fly’s-eye lens
was made the Gaussian distribution shown in Fig. 34C, to
form contact hole patterns under three sets of conditions.
The results of observation by SEM photoéraphs, performed
in the same way as in Example 13, are shown in Fig. 34B. In
pattérns with densely arranged holes, holes caused by the
seconda:y peak ended up being formed.

Further, as Comparative Example 9, the same procedure
was followed as in Example 13, except that the
distribution of the intensity of the light irradiated on
the le’s—eye lens was made a distribution of an annular
illumination (the intensity of the light at the center
portion of 0), to form a contact hole pattern under three
sets of conditions. The results of examination by SEM
photographs in the same way as in Example 9 are shown in
Fig; 34cC. |

Further, the results of measurement of the depth of
'focus of the isolate pattern in Example 13 and Comparative
' Examples 8 and 9lare shown in Fig. 35. In Example 13, it
was confirmed, a depth of focus equal to the normal
illumination of Comparative Example 13 was secured.

According to the present invention, at the time of a
fabrication of a semiconductor device, even if the mask

pattern is fine, a device pattern can be formed well with
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a necessary sufficient depth of focus.
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1. A method of pattern formation comprising the

steps of irradiating light from aﬁ effective light source
to a mask, transferring the pattern of the mask onto a
_substfate, and fqrming the pattern on tﬁe substrate,
wherein the amount of light emitted from a center portion
. of said effective light source is lowered by a certain
amount Qith respect to'the amount of light emitted from
the peripheral portions of the effective light source.

2. The method of paﬁtern formation as set forth in
claim 1, wherein the amount of the light emitted from the
center portion of the effective light source is lowered by
2 to 90 percent with.resﬁect to the peak value of the
amoqnt of light emitted frqm the peripheral portions of
the effective light source.

3. The method of pattern formation as set forth in
claim 1 or 2, wherein the mask is a phase shifting mask.

4. The method of pattern formation as set fo;th in
claim 1, wherein the effective light source is a fly’'s eye
lens comprising an assembly of a plurality of lenses.

5. The method.of pattern formation as set forth in
claim 1, wherein the region of the center portion oﬁ said
effective light source where the amount of light is

lowered is a region of 20 to 70 percent of the outer
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diameter of the effective light source.

6. The method of pattern formation as set forth in
claim 1, to the peak of the amount of light at the
peripheral portions of said effective light source appears
at a few points at rotary symmetrical positions at the
peripherél portions of the effective light source.

7. The method.of pattern'formation as set forth in
claim 1, wheréin the amount of light incident upon the
center portion of said effective light source is lowered
in relation to the peak value of the amount of light
incident upon the peripheral portions of the effective
light source by using an optical element.

8. The method of pattern formation as set forth in
claim 7, wherein the optical element is a beam splitter
and/or prism lens.

9. &he method of pattern formation as set forth in
claim 1, wherein the mask is a phase shifting mask, the
effective light source is a fly’s eye lens comprising an
assembly of a plurality of lenses, and the amount of light
emitted from a genter bortion of said fly’s eye lens is
lowered by using a beam splitter and/or prism lens.

10. The method of pattern formation as set forth in
claim 1, wherein the amount of the iight incident upon tHe
center portion of the effective light source is lowered

with respect to the peak value of the amount of light
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incident at the peripheral portions of the effective light
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source by using a filter having a high transmittance at
. the peripheral portions as against the center portion.

11. The method of pattern formation és set foyth in
claim 4, which lowers the amount of light emitted from the
center portion of said fly’s e&e lens relative to the peak -
value of the amount of light emitted from the peripheral
portions of the fly’'s eye lens by using é mechanical
filter having opening portions corresponding to.the
individuél lenses of the fly’s-eye lens and having
diameters of the related opening portions larger at the
peripheral portions relative to the center portion.

iz2. Tﬂe method of pattern formation as set forth in
claim 1, which lowers the amount of light incident upon
the center portion of said effective light source relative
to the peak vaiue of the amount of light incident upon the
peripheral portions of the effective liéht source by using
an optical element and optical parts arranged so that they
can be made to approach or move away from each other in the
light path axis diréction. |

13. The method of pattern formation as set forth in
claim 12, wherein the optical element is a prism.

14. The method of pattern formation as set forth in
claim 1, which lowers the amount of light emitted from the

center portion of said effective light source relative to
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peripheral portions of the effective light source by
dividing the beam incident upon said effective light
source to two or more beams, irradiating the two or more
divided beams onto said effective light source by using a
movable mirror, and utilizing the difference in scanning
speed at respective points of the surface of the effective
-light source dependent upon the surface shape of said
movable mirror.

15. The method of pattern formation‘as set forth in
claim 4, wherein the diameters of the individual lens of
the fly’'s eye lens arellarger at the center portion than
the peripheral portions.

16. The method of pattern formation as set forth in
claim 15, wherein, in the fly'’s eye lens, the diameters of
the individual lens at the center portion are made 1.1 to
3 times the diameters of the_individual lenses at the
periphefal portions.

17. The method of pattern formation as set forth in
claim 1, which, when a single exposure time is T, passes
the light through a first filter.with a higher
transmittance at the peripheral portions than the center
" portion.for a time of 0.05 x T to 0.95 x T and passes the
light through a second filter or not passes the light

through any filters in the remaining exposure time,
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thereby'lowering the amount of light from the cente;
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portion of the effective light source relative to the peak
value of the amount of light emitted from the peripheral
portions of the effective_light source in just a single
exposure time.

18. An apparatus for pattern formation irradiating
light from an effective light source to a mask,
transferring the pattern of the mask onto a substrate, and
forming the pattern oﬁ the substrate, comprising a light
intensity distribution éorrecting means fér lowering the
amount of light emitted from a center portion of said
effective light source by a Cerﬁain amount with respect to
the amount of light emitted from the peripheral portions
of the effective light source.

19. The apparatus for pattern formation as set forth
in claim 18, Qherein the light intensity distribution
correcting means is a means for lowering the amount of the
light emitted from the center portion of the effec;ive
~ light source by 2 to 90 perceht with respect to the peak
value of the amount of light emitted from the peripheral
portionéhof the effective light source.

20. The apparatus for pattern formation as set forth
in claim 19, wherein the mask is a phase shifting mask.

- 21. The apparatus for pattern formation aé set forth

in claim 18, wherein the effective light source is a fly’s
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eye lens comprising an assembly of a plurality of lenses.

22. The apparatus for pattern formation as set forth
in claim 18, wherein the regibn of the center portion of
said effective light source where the amount of light is
lowered by the liéht inténsity distribution correcting
means is a region of 20 to 40 percent of the outer diameter.
of the effective light source.

23. The -apparatus for pattern formation as set forth
in claim 18, wherein the peék of the amount of light at the
peripheral portions of said effectiveiliéht source appears
at a few points at rotary symmetrical positions at the
peripheral portions of the effective light source.

24; The apparatus for pattern formation as set forth
in claim 18, wherein the light intensity distriﬁution
correcting means has an optical element which lowers the
amount of 1light incident upon the center portion of the
effective light source in relation to the peak value of
the amount of light incident upon the peripheral pértions
of the effective light source.

25. The apparatus for patte;n formation as set forth
in claim 24, wherein the obtical element is a beam
splitter and/or a prism lens.

26. The apﬁaratus for pattern formation as set forth
in claim 18, wherein thg light intensitf distribution

correcting means has a filter having a high transmittance

e
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at the peripheral portions as against the center poftion.
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27. The apparatus for pattern formation as set forth
in claim 21, wherein the light intensity distribution
correcting means has a mechanical filter, which mechanical
filter has opening portions corresponding to the
individual lenses of the fly'é—eye lens and has diameters
of the related opening portions larger at the peripheral
portions relative to the center portion.

28. The apparatus for patﬁern formation as set forth
in claim 18, wherein the light intensity aistribution
correctiﬁg means has an optical element and optical parts
arranged so that they can-be made to approach or move away
from this optical element in the light path axis
direction.

29. The apparatus for pattern formation as set forth
in claim 28, Qherein the optical element is a prism.

30. The apparatus for pattern formation as set forth.
in claim 18, wherein the light intensity distribution
-correc;ing means further hgs means for dividing the beam
incident upon said effective light source to two or ﬁore
beams, a movable mirror for i;radiating the ﬁwo or more
divided beams onto said effective light source, and scan
means for lowering the amount of light emitted from the
‘center portion of said effective light source_relative Eo

the peak value of the amount of light emitted from the
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peripheral pottions of the effective light source b§ using
the difference in scanning speed at respective points of
the Surfece of the effective light source dependent upon
the.surface shape of said movable mirror.

31. The apparatus for pattern formation as set forth
in claim-21, wherein the diameters of the individual lens
of the fly’'s-eye lens are larger at the center portion as
against the peripheral por;ions.

32. The apparatus for pattern formation as set forth
in claim 31, wherein, in the fly’s-eye lens, the diameters
of the individual lenses at the center portion are 1.1 to
3 times the diameters of the individual lenses at the
peripheral portions.

33. The apparatus for pattern formation as set forth
in claim 18, wherein the light intensity distribution
correcting means also has

a first filter with a higher transmittance at
the peripheral portions than the center portion and

a switching means for switching between a state
passing light through the first filter for a single
exposure time and a state performing exposure without
passing through the first filter.

34. The apparatus for pattern formation as set forth
in claim 33,'which further ﬁas a second filter with a

distribution of transmittance different from the first

UL
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filter in the state performing exposure without passing
through the first filter.

35. The apparatus for pattern formation aé set forth
in claim 33 ér 34, wherein the switching means has a
rotary disk on which at least the first filter is mounted
and a drive means for driving the rotation of the rotary
disk. : |

36. The apparatus for pattern fofmation as set forth
in Elaim 33 or 34, wherein the switching means has at
slide mechanism enabling at least the first filter to move
slidably.

37. The épparatus fér pattern formation as set forth
in claim 33 or 34, wherein the switching means has an
'optical shutter type optical material whose transmittance
of light changes according to the voltage applied.

38. A method of production of a semiconductor device
comprising the steps of irradiating light from an
effective light source to a mask, transferring the pattern
of the mask onto a substrate, and forming the pattern on
the substrate, wherein the amount of 1ight'emittéd ffom a
center portion of said effective light source is lowered
by a certain amount witﬁ respect to the amount of light
emitted from the peripheral portions of the effective

light source.
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39. The method of production of a semiconductor
device é; set forth in claim 38, wherein the amount of the
light emitted from the center portion of the effective
light source is lowered by 2 to 90 percent with respect to
the peak value of the amount of light emitted from the
peripheral portions of the effective light source.

40. The method.of production of a semiconductor
device as set forth in claim 38, wherein the mask is é
phase shifting mask.

41. The method of production of a semiconductor
device as set forth in claim.38, wherein the effective
light source is a fly's.eye lens comprising an assembly of
a plurality of lenses.

42. The method of production of a semiconductor
device as set forth in claim 38, wherein the region of the
center portion of said effective light source where the
amount of light is lowered is a region of 20 to 40 percent
of the outer diameter of the effective light source.

43. The method of production of a semiconductor
device as set forth in claim 37, wherein the peak of the
amount of light at the peripheral portions of said
effective light source appears at a few points_ét rotary
symmetrical positions at the peripheral portions of the
éffective light source.

44. The method of production of a semiconductor

T
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device as set forth in claim 38, wherein the amount “of
light incidént upon the center portion of said effective
light source is lowered in relation to the peak value df
the amount of light incident upon the peripheral portions
of theleffective light source by using an optical element.

45. The method of production of a semiconductor
device as set forth in ciaim 44, wherein the optical
element is a beam splitter and/or prism lens.

46‘. The method of production of a'éemiconductor
device as set forth in claim 38, Qherein_the amount'of the
light incident upon the center portion of the effedti&e
iight source is lowered with respect to the peak value-of
the amount of light incident at the peripheral portions of
the effective light source by using a fiiter having a high
transmittance at the peripheral portions as against the
center portion.:

47. The method of production of a semiconductor
device as set forth in claim 41, which lowers the amount
of light emitted from the qenter po;tion of said fly’s eye
lens relative to ﬁhe peak value of the amount of light
emitted from the peripheral portions of the fly’s eye lens
by using a mechanical filter having opening portions
corresponding to the individual lenses of the fly'’s-eye
lens and having diameters of the related opening portions

larger at the peripheral portions relative to the center

—____—________________,_'_'_.
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48. The method of production of a semiconductor

device as set forth in claim 38, which lowers the amount
of iight incident upon the center portion of said
effective light source relative-to the peak _value of the
amount of light incident upon l';he peripheral portiohs of
the effective light source by using an optical element and
obticai parts arranged so that they can be made to
approach or move away from this prism in the light bath
axis direction.

49. The method of production of a sen‘\iconduc_tor
device as set forth in cléim 48, wherein the optical
element is a prism.

50. The method of production of a semiconductor
device as set forth in claim 38, which lowers the amount
of light emitted from the center portion of said effective
light source relative to thé peak value of the‘ amount of
light emitted from ﬁhe peripheral portions of the
effective 1ight source by dividing the beam incident upon
said effective light source to two. or more beams,
irradiating the two or more divided beams onto said
effective light source by using a movable mirror, and
utilizing the difference in scanning speed. at respeétive
points of the surface of the effective light source

dependent upon the surface shape of said movable mirror.
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51. The method of production of a semiconduct®or
device as set forth in claim 41, wherein the diameters of |
the individual lens of the_fly'% eve lens are larger at
the center portion than the periphéral portions.

52. The method of production of é semiconductor
deviée as set forth in claim 51, wherein, in the fly’s eye .
leﬁs, the diameters of the individual lens at the center
portion are made 1.1 to 3 times the diameters of the
individual lenses at the peripheral portions.

53. The method of production of a semiconductor
device as set férth in claim 38, which, when a single
exposure time is T, passes the light through a first
filter with a higher tranémittance'at the peripheral
portions than the center portion for a time of 0.05 x T to
0.95 x T and passes the light through a second filter or
not passes the light th;ough any filters in the remaining
exposure gime, therebj lowering the amount of light from
the center portion of the efféctive'light source relative
to the peak value of the amount of light emitted from the
peripheral portions of the effective light source in just

a single exposure time.
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