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ANTIREFLECTION MASK FOR CONTACT HOLE OPENING

BACKGROUND OF THE INVENTION

»

(1) FIELD OF THE INVENTION

The invention relates to an antireflection mask
used to expose a layer of photoresist having thickness
variationé. An antireflection coating having a light
transmittance of less thgn 100% is used in those regions of

the mask used to expose thinner photoresist regions.

(2) DESCRIPTION OF THE RELATED ART

.

As dimensions in integrated circuit wafers beéome
smaller it becomes more difficult to achieve adequate
dimensional tolerance control using‘oétical lithographic
methods. There has been considerable work done to improve
the capability of masks to achieve increased dimensional

control.



U.S. Pat. No. 5,477,058 to Sato describes an
atﬁenuated phase shifting mask fo;med of a layer of halftone
.phase shifting material. The masks described use reticle

alignment marks in the mask kerf to aid mask alignment.

The invention of this Patent.Application describes
a mask using a p;tterned layer of antireflection material
which has a light transmittance of less than 100%. The
invention also describes a method of using the
antireflectibn mask to expose a layer of photoresist on an
integrated circuit wafer. The antireflection material is
used to attenuate the light exposing thinner regions of the

layer of photoresist thereby providing compensation for the

thickness variation of the layer of photoresist.



SUMMARY OF THE INVENTION

In the manufacture of integrated circuit wafers
isolation regions 12, such as field oxide regions, are used
to separate different active regions 8 of the wafer, see
Fig. 1. Metal electrodes 16 18 are then formed over these
active 8 and isolation regions 12 and covered by a layer of
dielectric 14. It is frequently necessary to form contact
holes in the dielectric layer 14 in order to form contacts
to the metal electrodes. The formation of the field oxide
isolation regions 12 causes surface irregularities in the
integrated circuit wéfer 10. These surface irregularities
causes the electrodes 18 formed over the field oxide regions
12 to be on a different plane than the electrodes 16 formed

over the active regions 8,

In order to form contact holes a layer of
rhotoresist 20 is forméd over the dielectric layer 14, see
Fig. 2. Due to these surface irregularities caused by the
formation of the field oxide regions, the thickness 24 of
tﬁé photoresist directly over the electrodes 18 formed over
thé field oxide regions 12 is less than the thickness 22 of
the photoresist directly over electrodes 16 formed over the

active regions 8.



The photoresist is then exposed using a tool such
as a 5 X stepper. As shown in Fig.m3, é_mask 60 is
illuminated with a beam of light 40. The light 64 passing
through the mask 60 is focussed on the wafer 66 and the

photoresist is exposed.

Fig. 4Ishows-a conventidnal mask used for exposing
the photoresist in preparation for forming contaét holes. A
pattern formed in a layer of opaque material 34 such as
chrome is formed on a transparent mask substrate 32 formed
of a material such as quartz. The pattern in the opaque
material provides first mask openings 36 for exposing the
photoresist over the active regions of the wafer and second
mask openings 38 for exposing the phétoresist over the
isolation regions of the substrate. The mask is illuminated
'wi;h a beam of light 40 and light 31 passing through the
first mask openings 36 exposes the photoresist over the
active regions of the wafer and light 33 passing through the
secgnd mask openings 38 exposes the photofesist over the

isolation regions of the wafer.

As dimensions decrease to the sub micron range
there are two problems encduntered in using the conventional
mask. First, as previously deséribed, the photoresist
thickness 24 over the isolation regions 12 of the wafer is

less than the photoresiét thickness 22 over the active
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regions 8 of the wafer, see Fig. 2. However, the light
passing through the first mask openings 36 is the same as
the light passing through the second mask openings 38, see
Fig. 4. The different thicknesses of photoresist will
result in different openings in thé photoresist after
developing and this will cause loss of dimensionai control.
Second, reflections from the chrome mask material will cause
interference patterns which will also cause loss of

dimensional control.

It is a principle object of this invention to
provide an antireflection mask which will coﬁpensate for
photoresist thickness variation and avoid reflections from
the opague mask material, thereby improving dimensional

control.

It is another principle objective of this
invention to provide a method of exposing an integrated
circuit wafer using an antireflection mask which will
compensate for photoresist thickness variatibn and avoid
reflections from the opaque mask material, thereby improving

dimensional control.

These objectives are achieved by using an
antireflection material which has a light transmittance of

less than 100% for wavelengths of light used to illuminate



the mask. The antireflection material is used to cover
those parts of the mask used to expose the thinner
photoresist over the isclation regions of the wafer. There
is no antireflection material over thése parts of the mask
used to expose the thicker photoresist over the active
regions of the wafer. The antireflection material both
reduces reflections from the opaque mask material and
compensates for the photoresist thickness variation. This
provides improved dimensional control for the developed
photoresist which will be used to form the features, such as

contact holes, on the wafer.



BRIE? DESCRIPTION OF THE DRAWINGS

Fig. 1 shows a cross section view of an

circuit wafer having active regions and isolation

Fig. 2 shows a cross section view of an
circuit wafer having active regions and isolation

with a layer of photoresist formed on the wafer.

integrated-

regions.

integrated

regions

Fig. 3 shows a block diagram of a tool used to

expose a layer of photoresist on an integrated circuit

wafer.

Fig. 4 shows a cross section view of a

conventional mask used to expose a layer of photoresist on

an integrated circuit wafer.

Fig. 5 shows a cross section view of the

antireflection mask of this invention.



DESCRIPTION OF THE PREFERRED EMBODIMENTS

Fig. 1 shows an integrated circuit wafer 10 having
active regions 8 separated by isolation regions 12, such as
field oxide. The detail of thé active regions 8 is not
shown. Only one isolation region 12 is shown howevér, it
will be readily épparent to those skilled in the art that
there can be a number of isolation regions in the full
integrated circuit wafer 10. The isolation regions 12 are
typically field oxide regioﬁs which are formed on the
integrated circuit wafer. As the field oxide regions are
formed the field oxide extends above the surface of the
wafer causing a non planar surface. There are electrodes 16
formed over the active regionsls and electrodes 18 formed
over the isolation regions 12. .The electrodes are covered
by a dielectric layer 14 such as silicon dioxide or the

like.

In order to make contact to the electrodes 18 and
;8 contact holes must be formed in the dielectric layer 14.
" To accomplish this a layer of photoresist 20 is formed over
the dielectric layer 14, see Fig. 2. Due to the non planar
surface of the integrated circuit wafer the thickness 22 of
the photoresist over the active regions 8 of the wafer is
greater than the thickness 24 of the photoresist over the

isolation regions 12 of the wafer. The layer of photoresist



20 is then exposed using the antireflection mask of this
invention. The exposed photoresist is then developed and

the contact holes are formed.

Refer now to Fig. 5, there is shown an embodiment
of the antireflection mask of this invention which will be
used to expose the photoresist. A patterned layer of opaque
material 44 is formed on a transparent mask substrate 42,
such as quartz having a thickness of between about 4.5 and
4.8 millimeters. The opaque material is a material such as
chrome having a thickness of between about 700 and 800
Angstroms. The patterned layer of opaque material 44 has
first mask openings 46 which will be used to expose the
thicker photoresist over the active regions of the wafer and

second mask openings 48 which will be used to expose the

thinner photoresist over the isolation regions of the wafer.

A patterned layer of antireflection material 50 is
formed over the patterned layer of opaéue material 44 such
that antireflection material 50 covers the second mask
openings 48 in the patterned layer of opaque material 44 but
does not cover the first mask openings 46 in the patterned
layer of opaque material 44. The layer of antireflectfpn
material 50 is fofﬁed of a material such as TiN having é
thickness of between ;bout 300 and 500 Angstroms. The 1a§er

of antireflection material 50 has a light transmittance of
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between about 70% and 80% for wavelength of light used to

illuminate the mask.

A beam of light 40, such as from an i line source
of 3650 Angstroms, is used to illuminate the mask. The
light 52 passing through the first mask openings 46 is used
to expose the thicker photoresist over the active region of
the wafer and is not attenuated by the mask. The light 54
Passing through the second mask openings 48 is used to
expose the thinner photoresist over the isolation regions of
the wafer and is attenuated by the antireflection material
50. The attenuation of the antireflection material
compensates for the thickﬁgss variation of the photoresist.

Refer now to Figs. 3 and 5, there is shown an
embodiment of a method of exposing a layer of photoresist
using the antireflection mask of this invention. Fig. 3
shows a block diagram of an exposure tool such as a 5 times
reduction stepper. A light beam 40 illuminates the
antireflection mask 60. The light 64 passing through the
antireflection mask 60 is focussed on an integrated circuit
wafer 66 and exposes a layer of photoresist. The

photoresist is then developed for wafer processing.
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As shown in Fig. 5, a light beam 40 illuminates

the transparent mask substrate 42 of the antireflection mask

from the side opposite the layer of patterned opaque

material 44. Light 52 passing through the first mask

openings 46 is not attenuated and is focussed on regions of

the integrated circuit wafer where the layer of photoresist

is thicker. Ligﬁt 54 passing through the second mask
openings 48 the also passes through the patterned
antireflection layer 50 and is attenuated before being
focussed on the regions of the integrated circuit wafer
where layer of photoresist is thinner. The patterned
antireflection layer 50 reduces reflections from the
patterned opaque iayer and compensates for the thickness

variations of the layer_bf photoresist.

While the invention has been particularly shown
and described with reference to the preferred embodiments

thereof, it will be understood by those skilled in the art

that various changes in form and details may be made without

departing from the spirit and scope of the invention.

What is claimed is:
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1. A mask for processing an integrated circuit wafer,
comprising:

a transparent mask substrate having a first patternip
region and a second pattern region;

a patterned layer of opaque material formed on said
transparent mask substrate wherein there is no said opaque
material directly’above said first pattern region of said
transparent mask substrate and there is no said opagque
material directly above said second pattern region of said
transparent mask substrate; and

a patterned layer of antireflection material formed
over said patterned layer of opaque material and said
transparent mask substrate wherein said antireflection
material covers said second pattern region of said
transparent mask substrate and does not cover said first

pattern region of said transparent mask substrate.

2. The mask of claim 1 wherein said transparent mask

substrate is quartz.

3. The mask of claim 1 wherein said patterned layer of
opaque material is chrome having a thickness of between

about 700 and 800 Angstroms.
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4. The mask of claim 1 wherein said patterned layer of
antireflection material is TiN having a thickness of between

about 300 and 500 Angstroms.

5. The mask of claim 1 wherein said patterned layer of
antireflection material has a light transmittance of betwéen
about 70% and 80% for light having a wavelength of about

3650 Angstroms.

6. The mask of claim 1 wherein light passing through said
first pattern region of said transparent mask substrate is
used to expose first pattern features in thicker regions of

a layer of photoresist having thickness variations.

7. The mask of claim 6 wherein said first pattern features

are contact holes.

8. The mask of claim.l wherein light passing throuéh said
second pattern region of said transparent mask substrate and
said patterned layer of antireflectionimaterial is used to
expose second pattern features in thinner regions of a layer

of photoresist having thickness variations.

9. The mask of claim 8 wherein said thinner regions of a
layer of photoresist having thickness variations are formed

over field oxide regions of an integrated circuit wafer.
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10. The mask of claim 8 wherein said second features are

contact holes.

11. A method of forming features on an integrated circuit
wafer, comprising the steps of:

providing a transparent mask substrate having a first
pattern region and a second pattern region;

providing a patterned layer of opague material formed
on said transparent mask substrate wherein there is no said
opaque material directly above said first pattern region of
said transparent mask substrate and there is no said opaque
material directly above said second pattern region of said
transparent mask substrate;

providing a patterned laygr of antireflection material
formed over said patterned layer of opaque material and said
transparent mask substrate wherein said antireflection
material covers said second pattern region of said
transparent mask substrate and does not cover said first
pattern region of said transparent mask substrate;

providing an integrated circuit wafer having active
regions and isolation regions;

forming a layer of photoresist having first feature
regions and second feature regions on said integrated
circuit wafer wherein said first feature regions of said
layer of photoresist are directly over said active regions

of said integrated circuit wafer and said second feature
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regions of said layer of photoresist are directly over said
isolation regions of said integrated circuit wafer;

exposing said first feature regions of said layer of
photoreéist by means of light passing through said first
pattern region of said transparent mask sﬁbstrate;

exposing said second feature regions of said layer of
photoresist by méans of light passing through said second
pattern region of said transparent mask substrate and said
patterned layer of antireflection material;

developing said layer of photoresist after exposing
said first feature regions of said layer of photoresist and
said second feature regions of said layer of photoresist;

forming first features over said active regions of said
integrated circuit wafer using said first feature regions of
said developed layer of photoresist as a mask; and

forming second features over said isolation regions of
said integrated circuit wafer using said second feature

regions of said developed layer of photoresist as a mask.

12. The method of claim 11 wherein said transparent mask

substrate is quartsz.

13. The method of claim 11 wherein said patterned layer of
opaque material is chrome having a thickness of between

about 700 and 800 Angstroms.
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14. The method of claim 11 wherein said patterned layer of
antireflection material is TiN having a thickness of between

about 300 and 500 Angstroms.

15. The method of claim 11 wherein said patterned layer of
antireflection material has a light transmittance of between
about 70% and 80% for light having a wavelength of about

3650 Angstroms.

16. The-method of claim 11 wherein said first features are

contact holes.

17. The method of claim 11 wherein said isolation regions of

said integrated circuit wafer are field oxide regions.

18. The method of claim 11 wherein said second feafures are

contact holes.



