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57) ABSTRACT

A method for forming a gate pattern for an electronic device,
comprising steps of: providing a substrate, whereon a first
photo-resist layer is formed; performing a first photo-lithog-
raphy process so as to form a first pattern with a first width
on the substrate; forming a second photo-resist layer, cov-
ering the first pattern and the first photo-resist layer on the
substrate; and performing a second photo-lithography pro-
cess, which is shifted from the first photo-lithography pro-
cess, so as to form a second pattern with a second width on
the substrate; wherein the second width is smaller than the
first width.
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METHOD FOR FORMING GATE PATTERN FOR
ELECTRONIC DEVICE

BACKGROUND OF THE INVENTION
[0001]

[0002] The present invention generally relates to a method
for forming a gate pattern for an electronic device and, more
particularly, to a method using two-step exposure with a
single mask for forming a gate pattern with deep sub-micron
or nano-meter scale resolution.

[0003] 2. Description of the Prior Art

[0004] In recent years, microwave semiconductor devices
have played an important role in high-frequency communi-
cation applications. More particularly, field-effect transistors
(FET’s), also referred to as uni-polar transistors, are suitable
for use in low-noise amplifiers due to the advantageous
characteristics such as low noise and low power-consump-
tion. The high-frequency characteristics of the FET’s
strongly depend on reduction of the gate length. Therefore,
lots of efforts have been made on gate length reduction.

[0005] In US. Pat. No. 6,605,411, Nakao provides a
wo-step exposure technology so as to obtain a semiconduc-
tor device pattern, as described with reference to FIG. 1A to
FIG. 1D. In FIG. 1A, a substrate 11 is provided, on which
are formed in turn an insulating layer 12, a conductive layer
13 and a first photo-resist layer 14. A first mask (not shown)
is used to perform a first photo-lithography process to form
a pattern 14a in the first photo-resist layer 14. After the first
photo-resist layer 14 is removed, a pattern 11¢ is formed on
the substrate 11, as shown in FIG. 1B. After a second
photo-resist layer 15 is formed by spin-coating, a second
mask (not shown) is used to perform a second photo-
lithography process to form a cross-sectional structure as
shown in FIG. 1C. Afterwards, the conductive layer 13, the
insulating layer 12 and the second photo-resist layer 15 are
removed in turn so as to form a pattern 13a, as shown in FIG.
1D. However, the afore-mentioned prior art suffers from
complexity and difficulty in using two different masks.

[0006] Moreover, in U.S. Pat. No. 6,596,646, Andideh et
al provide a method for forming a fine gate pattern using
lateral etching. As shown in FIG. 2A, a substrate 21 is
provided, on which are formed in turn an insulating layer 22,
a blocking layer 23 and a photo-resist layer 24. A mask (not
shown) is used to perform a photo-lithography process to
form a pattern with a width W in the photo-resist layer 24.
The un-covered portion of the blocking layer 23 is removed
by etching so as to form a cross-sectional structure as shown
in FIG. 2B. After the photo-resist layer 24 is removed, a
pattern with a reduced width W' is obtained using wet
etching to etch away both the surface and the side walls of
the blocking layer 23, as shown in FIG. 2C. The pattern with
a reduced width W' is transferred from the blocking layer 23
to the insulating layer 22 so as to form a gate pattern smaller
than the resolution of the utilized exposure system, as shown
in FIG. 2D. However, this prior art method is useful only in
mesa pattern formation and cannot be applied in trench
pattern formation.

1. Field of the Invention

[0007] Even though researchers in both the industry and
the academy have made lots of efforts in phase-shift masks
and other advanced exposure systems, it results in higher
cost in chip manufacture.
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[0008] Therefore, there is need in providing a method for
forming a gate pattern for an electronic device, achieving
higher resolution of the photo-lithography process using a
conventional exposure system so as to reduce the manufac-
ture cost.

SUMMARY OF THE INVENTION

[0009] Tt is the primary object of the present invention to
provide a method for forming a gate pattern for an electronic
device, achieving a gate pattern of deep sub-micron or
nano-meter scale resolution using two-step exposure with a
single mask so as to reduce the manufacture cost.

[0010] Tt is a secondary object of the present invention to
provide a method for forming a gate for an electronic device,
achieving a gate of deep sub-micron or nano-meter scale
resolution using two-step exposure with a single mask for
nano-electronics applications.

[0011] In order to achieve the foregoing objects, the
present invention provides a method for forming a gate
pattern for an electronic device, comprising steps of: pro-
viding a substrate, on the substrate being formed a first
photo-resist layer; performing a first photo-lithography pro-
cess, so as to form a first pattern with a first width on the
substrate; forming a second photo-resist layer, covering the
first pattern and the first photo-resist layer on the substrate;
and performing a second photo-lithography process shifted
from the first photo-lithography process, so as to form a
second pattern with a second width on the substrate; wherein
the second width is smaller than the first width.

[0012] The present invention further provides a method
for forming a gate pattern for an electronic device, compris-
ing steps of: providing a substrate, on the substrate being
formed a dielectric layer and a first photo-resist layer in turn;
performing a first photo-lithography process, so as to form
a first pattern with a first width on the dielectric layer:;
transferring the first pattern to the substrate, so as to form a
second pattern in the dielectric layer; forming a second
photo-resist layer, covering the second pattern and the
dielectric layer on the substrate; and performing a second
photo-lithography process shifted from the first photo-li-
thography process, so as to form a third pattern with a
second width on the substrate; wherein the second width is
smaller than the first width.

[0013] The present invention provides a method for form-
ing a gate electrode for an electronic device, comprising
steps of: providing a substrate, on the substrate being formed
a first photo-resist layer; performing a first photo-lithogra-
phy process, so as to form a first pattern with a first width
on the substrate; forming a second photo-resist layer, cov-
ering the first pattern and the first photo-resist layer on the
substrate; forming a third photo-resist layer on the second
photo-resist layer; performing a second photo-lithography
process shifted from the first photo-lithography process, so
as to form a second pattern with a second width on the
substrate; and forming a conductive layer electrically con-
nected to the substrate; wherein the second width is smaller
than the first width.

[0014] The present invention further provides a method
for forming a gate electrode for an electronic device, com-
prising steps of: providing a substrate, on the substrate being
formed a dielectric layer and a first photo-resist layer in turn;
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performing a first photo-lithography process, so as to form
a first pattern with a first width on the dielectric layer;,
transferring the first pattern to the substrate, so as to form a
second pattern in the dielectric layer; forming a second
photo-resist layer, covering the second pattern and the
dielectric layer on the substrate; and forming a third photo-
resist layer on the second photo-resist layer; performing a
second photo-lithography process shifted from the first
photo-lithography process, so as to form a third pattern with
a second width on the substrate; and forming a conductive
layer electrically connected to the substrate; wherein the
second width is smaller than the first width.

[0015] Other and further features, advantages and benefits
of the invention will become apparent in the following
description taken in conjunction with the following draw-
ings. It is to be understood that the foregoing general
description and following detailed description are exem-
plary and explanatory but are not to be restrictive of the
invention. The accompanying drawings are incorporated in
and constitute a part of this application and, together with
the description, serve to explain the principles of the inven-
tion in general terms.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] The objects, spirits and advantages of the preferred
embodiment of the present invention will be readily under-
stood by the accompanying drawings and detailed descrip-
tions:

[0017] FIG. 1Ato FIG. 1D are schematic diagrams show-
ing steps in a conventional method for forming a gate pattern
for an electronic device according to the prior art;

[0018] FIG. 2Ato FIG. 2D are schematic diagrams show-
ing steps in another conventional method for forming a gate
pattern for an electronic device according to the prior art;

[0019] FIG. 3A to FIG. 3C are schematic diagrams show-
ing steps in a method for forming a gate pattern for an
electronic device according to the present invention;

[0020] FIG. 4Ato FIG. 4D are schematic diagrams show-
ing steps in another method for forming a gate pattern for an
electronic device according to the present invention;

[0021] FIG. 5A to FIG. 5D are schematic diagrams show-
ing steps in a method for forming a gate electrode for an
electronic device according to the present invention; and

[0022] FIG. 6A to FIG. 6F are schematic diagrams show-
ing steps in another method for forming a gate electrode for
an electronic device according to the present invention.

DETAILED DESCRIPTION OF THE
INVENTION

[0023] The present invention providing a method for
forming a gate pattern for an electronic device can be
exemplified by the preferred embodiments as described
hereinafter.

[0024] FIG. 3A to FIG. 3C are schematic diagrams show-
ing steps in a method for forming a gate pattern for an
electronic device according to the present invention. First, a
substrate 31 is provided, on which is formed a first photo-
resist layer 32. A first photo-lithography process is per-
formed to form a first pattern 33 with a first width on the
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substrate 31, as shown in FIG. 3A. Then, a second photo-
resist layer 34 is formed covering the first pattern 33 and the
first photo-resist layer 32 on the substrate 31, as shown in
FIG. 3B. Afterwards, a second photo-lithography process
shifted from the first photo-lithography process is per-
formed, so as to form a second pattern 35 with a second
width on the substrate 31, as shown in FIG. 3C. The second
width is smaller than the first width.

[0025] FIG. 4A to FIG. 4D are schematic diagrams show-
ing steps in another method for forming a gate pattern for an
electronic device according to the present invention. First, a
substrate 41 is provided, on which are formed a dielectric
layer 42 and a first photo-resist layer 43 in turn. A first
photo-lithography process is performed to form a first pat-
tern 44 with a first width on the dielectric layer 42, as shown
in FIG. 4A. Then, the first pattern 44 is transferred to the
substrate 41 by etching so as to form a second pattern 45 in
the dielectric layer 42, as shown in FIG. 4B. A second
photo-resist layer 46 is formed covering the second pattern
45 and the dielectric layer 42 on the substrate 41, as shown
in FIG. 4C. Afterwards, a second photo-lithography process
shifted from the first photo-lithography process is per-
formed, so as to form a third pattern 47 with a second width
on the substrate 41, as shown in FIG. 4D. The second width
is smaller than the first width.

[0026] Using the afore-mentioned methods of the present
invention, the resolution of the conventionally used I-line
stepper can be improved. More particularly, the methods
disclosed in the present invention are applicable to the
manufacture of field-effect transistors with a gate electrode.
Preferably, the substrate is a semiconductor substrate. Pref-
erably, the dielectric layer is an oxide layer or a nitride layer.

[0027] Moreover, FIG. 5A to FIG. 5D are schematic
diagrams showing steps in a method for forming a gate
electrode for an electronic device according to the present
invention. First, a substrate 51 is provided, on which is
formed a first photo-resist layer 52. A first photo-lithography
process is performed to form a first pattern 53 with a first
width on the substrate 51, as shown in FIG. 5A. Then, a
second photo-resist layer 54 is formed covering the first
pattern 53 and the first photo-resist layer 52 on the substrate
51, and a third photo-resist layer 55 is formed on the second
photo-resist layer 54, as shown in FIG. 5B. A second
photo-lithography process shifted from the first photo-li-
thography process is performed, so as to form a second
pattern 56 with a second width on the substrate 51, as shown
in FIG. 5C. Then, a conductive layer 57 is formed electri-
cally connected to the substrate 51. At last, the first photo-
resist layer 52, the second photo-resist layer 54 and the third
photo-resist layer 55 are removed, as shown in FIG. 5D. The
second width is smaller than the first width.

[0028] Inthe foregoing embodiment, a T-gate electrode is
formed after the first photo-resist layer 52, the second
photo-resist layer 54 and the third photo-resist layer 55 are
removed. Therefore, the present invention can be used to
manufacture field-effect transistors with a deep sub-micron
or a nano-meter gate electrode without using phase-shift
mask (PSM) or other expensive and advanced exposure
equipments.

[0029] FIG. 6A to FIG. 6F are schematic diagrams show-
ing steps in another method for forming a gate electrode for
an electronic device according to the present invention.
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First, a substrate 61 is provided, on which are formed a
dielectric layer 62 and a first photo-resist layer 63 in turn. A
first photo-lithography process is performed to form a first
pattern 64 with a first width on the dielectric layer 62, as
shown in FIG. 6A. Then, the first pattern 64 is transferred to
the substrate 61 by etching so as to form a second pattern 65
in the dielectric layer 62, as shown in FIG. 6B. A second
photo-resist layer 66 is formed covering the second pattern
65 and the dielectric layer 62 on the substrate 61, and a third
photo-resist layer 67 is formed on the second photo-resist
layer 66, as shown in FIG. 6C. A second photo-lithography
process shifted from the first photo-lithography process is
performed, so as to form a third pattern 68 with a second
width on the substrate 61, as shown in FIG. 6D. Then, a
conductive layer 69 is formed electrically connected to the
substrate 61. At last, the second photo-resist layer 66 and the
third photo-resist layer 67 are removed, as shown in FIG.
6F. The second width is smaller than the first width.

[0030] In the foregoing embodiment, a T-gate electrode is
formed after the second photo-resist layer 66 and the third
photo-resist layer 67 are removed. Therefore, the present
invention can be used to manufacture field-effect transistors
with a deep sub-micron or a nano-meter gate electrode
without using phase-shift mask (PSM) or other expensive
and advanced exposure equipments.

[0031] Accordingly, the present invention discloses a
method for forming a gate pattern for an electronic device,
achieving a gate pattern of deep sub-micron or nano-meter
scale resolution using two-step exposure with a single mask
so as to reduce the manufacture cost. Therefore, the present
invention has been examined to be new, non-obvious and
useful.

[0032] Although this invention has been disclosed and
illustrated with reference to particular embodiments, the
principles involved are susceptible for use in numerous other
embodiments that will be apparent to persons skilled in the
art. This invention is, therefore, to be limited only as
indicated by the scope of the appended claims.

What is claimed is:
1. A method for forming a gate pattern for an electronic
device, comprising steps of:

providing a substrate, on said substrate being formed a
first photo-resist layer;

performing a first photo-lithography process, so as to
form a first pattern with a first width on said substrate;

forming a second photo-resist layer, covering said first
pattern and said first photo-resist layer on said sub-
strate; and

performing a second photo-lithography process shifted
from said first photo-lithography process, so as to form
a second pattern with a second width on said substrate;

wherein said second width is smaller than said first width.

2. The method as recited in claim 1, wherein said elec-
tronic device is a field-effect transistor.

3. The method as recited in claim 1, wherein said substrate
is a semiconductor substrate.

4. The method as recited in claim 1, wherein said second
pattern is said gate pattern.

5. A method for forming a gate pattern for an electronic
device, comprising steps of:
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providing a substrate, on said substrate being formed a
dielectric layer and a first photo-resist layer in turn;

performing a first photo-lithography process, so as to
form a first pattern with a first width on said dielectric
layer;

transferring said first pattern to said substrate, so as to
form a second pattern in said dielectric layer;

forming a second photo-resist layer, covering said second
pattern and said dielectric layer on said substrate; and

performing a second photo-lithography process shifted
from said first photo-lithography process, so as to form
a third pattern with a second width on said substrate;

wherein said second width is smaller than said first width.

6. The method as recited in claim 5, wherein said elec-
tronic device is a field-effect transistor.

7. The method as recited in claim 5, wherein said substrate
is a semiconductor substrate.

8. The method as recited in claim 5, wherein said second
pattern is said gate pattern.

9. The method as recited in claim 5, wherein said dielec-
tric layer is an oxide layer.

10. The method as recited in claim 5, wherein said
dielectric layer is a nitride layer.

11. A method for forming a gate electrode for an elec-
tronic device, comprising steps of:

providing a substrate, on said substrate being formed a
first photo-resist layer;

performing a first photo-lithography process, so as to
form a first pattern with a first width on said substrate;

forming a second photo-resist layer, covering said first
pattern and said first photo-resist layer on said sub-
strate;

forming a third photo-resist layer on said second photo-
resist layer;

performing a second photo-lithography process shifted
from said first photo-lithography process, so as to form
a second pattern with a second width on said substrate;
and

forming a conductive layer electrically connected to said
substrate;

wherein said second width is smaller than said first width.

12. The method as recited in claim 11, wherein said
electronic device is a field-effect transistor.

13. The method as recited in claim 11, wherein said
substrate is a semiconductor substrate.

14. The method as recited in claim 11, wherein said
second pattern is a gate pattern.

15. A method for forming a gate electrode for an elec-
tronic device, comprising steps of:

providing a substrate, on said substrate being formed a
dielectric layer and a first photo-resist layer in turn;

performing a first photo-lithography process, so as to
form a first pattern with a first width on said dielectric
layer;

transferring said first pattern to said substrate, so as to
form a second pattern in said dielectric layer;
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forming a second photo-resist layer, covering said second
pattern and said dielectric layer on said substrate; and

forming a third photo-resist layer on said second photo-
resist layer;

performing a second photo-lithography process shifted
from said first photo-lithography process, so as to form
a third pattern with a second width on said substrate;
and

forming a conductive layer electrically connected to said
substrate;

wherein said second width is smaller than said first width.

Mar. 22, 2007

16. The method as recited in claim 15, wherein said
electronic device is a field-effect transistor.

17. The method as recited in claim 15, wherein said
substrate is a semiconductor substrate.

18. The method as recited in claim 15, wherein said third
pattern is said gate pattern.

19. The method as recited in claim 15, wherein said
dielectric layer is an oxide layer.

20. The method as recited in claim 15, wherein said
dielectric layer is a nitride layer.



