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METHOD TO INCORPORATE THREE SETS OF PATTERN INFORMATION IN TWO PHOTO-
MASKING STEPS
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By hardening a first image in a first photoresist (PR) layer and just
developing a second image in'a thicker second PR layer, coincident
openings in the two PR layers provide a first pattern. Oxygen ilon
etching is then used to remove portions of the first layer of photo-
resist which are unprotected by the second photoresist layer, thus
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METHOD TO INCORPORATE THREE SETS OF PATTERN INFORMATION IN TWO PHOTO-
MASKING STEPS - Continued

providing a second pattern. Blanket exposing and developing away all
of the remaining second photoresist provides a third pattern. Thus,
three patterns are created having an overlay tolerance of a single
alignment. Useful applications include creating three different
thicknesses of metallized patterns within one level of dielectric
material.

Referring to Fig., 1, a first photoresist layer 2 is deposited on
substrate 4. Openings having width A and width B are formed in photo-
resist 2 by exposure to a first mask and development. Remaining
photoresist 2 is then hardened, e.g., by a heat treatment., Next,
photoresist 6 is applied and exposed to a second mask whereupon an
opening having width C is created by exposure and development. A
pattern defined by coincidence of openings having width A and C (D)
can then be etched in substrate 4. The pattern having width D could
be a via hole in a dielectric substrate 4 for a level-to~level in-
terconnection.

Referring to Fig. 2, a reactive oxygen ion etching process is
used to remove all of photoresist 2 which is not covered by photore-
sist 6 while an inconsequential amount of photoresist 6 is also re-
moved. There is then an unprotected pattern of substrate 4 having
width C which can be etched to define a part of an upper level of
wiring connecting to an interlevel connector in the region having
width D.

Referring to Fig. 3, all remaining photoresist 6 is removed by a
blanket exposure and development,. A pattern comprised of openings
having width A + C = E and B in photoresist 2 may now be etched into
substrate 4. Remaining photoresist is removed to complete the cross
section shown in Fig. 3. The pattern having width B could be used to
construct a thin fuse link which can be electrically blown. Another
application of the pattern having width B is for monitoring planariz-
ing processes. Either planarization end point or planarization uni-
formity may be detected by appropriate design of the shape of the
region having width B.

Conformal deposition of a conductor and planarization complete
| the applications described.
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DUAL-IMAGE RESIST FOR SINGLE-EXPOSURE SELF~ALIGNED PROCESSING
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FIG. S

This article describes a resist system having a wet developable first
image and a dry developable second image (based on silicon incorpor-
ation through a silylation step). A novel material/process approach is
described which simplifies device fabrication through self-aligned
dual-image lithography.
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DUAL~IMAGE RESIST FOR SINGLE-EXPOSURE SELF-ALIGNED PROCESSING -
Continued

FIG. 4

FIG. 5 o

Dual-tone resists (positive or negative working depending upon the
choice of wavelength and developer) are useful to a degree for self-
aligned processes where elements of two separate patterns are to be
placed on a substrate in a single masking step and developed out sepa-
rately. They are limited in use, however, since the resist must sur-
vive the first process unaffected in order to allow the subsequent
development of the second latent image and completion of the second
process. Where the first process is a harsh one, such as metal RIE
(reactive ion etch), the effects of ion and electron bombardment, UV
radiation, heat, polymer deposition, etc., act to prevent proper de-
lineation of the second image, i.e., development of the second latent
image. The technique here disclosed is capable of high resolution
imaging, successfully overcoming the prior noted difficulties while
achieving the objective of sequentially delineating, on a wafer, two
separate self-aligned patterns from a single mask exposure.

The material used for resist is one which, when exposed to radi-
ation of wavelength Al, acts as a positive working, wet developing
resist and, when exposed to radiation of wavelength A2, acts as a posi-
tive working, dry developing (developed by oxygen plasma) resist. One
mask containing the elements of two patterns is used, where a first
pattern (pl) is defined by areas which transmit the wavelength Al, and
the second, (p2), is defined by areas which transmit the wavelength
2, or some combination of Al and A2. The disclosed dual-imaging tech-
nique is illustrated by Figs. 1 - 5, where it is applied to a self-
aligned lst metal and lst to 2nd stud definition process.
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DUAL-IMAGE RESIST FOR SINGLE~EXPOSURE SELF-ALIGNED PROCESSING ~
Continued

Fig. 1 shows a mask 1, a dual-image resist layer 2, and Al-Cu
metallization layers 3 and 4 (deposited 1 um each), separated by an
intermediate layer 5 of chromium or titanium/tungsten (7200-300 ang-
stroms) as a metal RIE stop (optional). These three depositions can be
done in sequence using a single metal deposition tool. The mask 1 will
be noted to contain the elements of two patterns, the first 6 trans-
missive to wavelength Al, and the second 7 transmissive to wavelength
A2. A central section 8 is opaque to both Al and A2,

Following exposure to Al and wet development, the structure shown
in Fig. 2 is presented. Only silylites remain in the unexposed area 8
of the remaining resist 9.

One um of metal is removed by RIE to obtain the structure shown in
Fig. 3, the metal etch stop layer 5 acting to maintain a smooth surface
on 4 during the etch process.

A dry etch (oxygen plasma) is next performed to remove resist 9,
resulting in the structure shown in Fig. 4. This is followed with an
RIE to remove another um of metal 3 in order to obtain the self-aligned
Ist metal and lst to 2nd stud structure shown in Fig. 5.

The process illustrated proves useful for the simultaneous defini-
tion of two levels of metallization, offering a capability for tighter
ground rules and improved performance in a broad range of applications.
Obvious modifications of the disclosed technique include the employment
of a variable dose mask instead of the variable wavelengths of trans-
mission used. Multiple layer resist materials composed of layers sen-
sitive to differing wavelengths of transmission could also be used, as
could resist layers containing silicon or capable of being silylated,
to further simplify device fabrication.
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