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POSITIVE AND NEGATIVE DUAL FUNCTION
MAGNETIC RESIST LITHOGRAPHY

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention is generally related to a lithography
method, and more particularly to a positive and negative dual
function magnetic resist lithography method.

2. Description of the Prior Art

Perovskite-type oxides (ABO;) become an important
research focus for multifunctional materials in recent years
due to its various special properties, such as paraelectric,
piezoelectric, and photoelectric properties.

According the report in Materials Chemistry and Physics,
77, 639-646, (2002), perovskite-type oxides can be prepared
by ball-milling La,O5;, MnCO;, and SrCO; raw materials for
24 hrs and then sintering at 1000° C. for 2 hrs and maintaining
at 1250° C. for 5 hrs.

According to another report in J. Mater. Res., Vol. 15[5],
1161-1166 (2000), solid-state reactions is also used to pre-
pare perovskite-type oxides. Lanthanum strontium manga-
nese oxides and carbonates, such as La,O;, MnCOj;, and
SrCO, with proper molar ratio, are sintered at 1200° C. for 12
hrs, ball-milled, cold isostatically pressed, and then sintered
at 1450° C. for 48 hrs. Although the process is simpler, the
longer duration at high temperature is required. Besides, par-
ticle diameters are in the micron range (1076 m). It is difficult
to control compositions and uniformity.

The disadvantages of using solid-state reactions to prepare
perovskite-type oxides are difficulty in the mixing process
and in the composition control, and the requirement of sin-
tering at high temperature. Therefore, liquid-phase methods,
such as sol-gel method, are utilized, instead.

In the liquid-phase methods, metallic salts are used as
starting raw materials, such as acetates (J. Am. Ceram. Soc.,
75[4], 964-970 (1992)) and nitrates (J. Am. Ceram. Soc.,
75[1], 201-202 (1992)). Phase promoters are poly(acrylic
acid) (J. Am. Ceram. Soc., 75[1], 201-202 (1992)), poly(vinyl
alcohol) (J. Am. Ceram. Soc., 80[10], 2702-2704 (1997)),
citric acid (J. Mater. Res., 9[4], 986-991 (1994)), and so forth.

Using liquid-phase methods to synthesize perovskite crys-
tal phase oxides, the lanthanum strontium manganese oxides
usually can be formed at the temperature below 500° C. For
example, in the nitrate-poly(acrylic acid) system, the crystal
phase with perovskite structure can be fabricated by using
poly(acrylic acid) to make the precursor solution become
gelation and then sintering at 400° C. for 6 hrs.

In the nitrate-acetate-citric acid system reported in J.
Mater. Res., 9[4], 986-991 (1994), thermally induced anion
oxidation-reduction (auto ignition) reaction is utilized to
form the crystal phase of the lanthanum strontium manganese
oxides. The particle diameter obtained by this method is
larger than that in the nitrate-poly(acrylic acid) system.

According to the report in J. Am. Ceram. Soc., 80[10],
2709-2713 (1997), the lanthanum strontium manganese acry-
lates are used as the precursor solution to be spin-coated on
silicon wafers and fused quartz substrates. The perovskite
crystal phase is formed by multiple coatings to increase film-
thickness and then calcination at 850° C.

According to the report in J. Am. Ceram. Soc., 80[10],
2702-2704 (1997), the lanthanum strontium manganese
oxalates are used as starting materials and PVA (poly(vinyl
alcohol)) is then added so as to form the precursor solution.
The precursor solution is spin-coated on the fused quartz
substrate and then sintered at 550° C. to thereby form the
perovskite crystal phase. Compared to the conventional solid-
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2

state synthetic method, the liquid-phase method for preparing
the perovskite crystal phase takes lower sintering tempera-
ture.

The Taiwan patent No. 574608 discloses a zwitterresist
lithography for positive resist and negative resist processes by
varying the exposure doses of electron beams to prepare
positive and negative resists in the same resist layer. When the
exposure dose is low, polymeric bonding is broken in the
resist layer to be removable during the developing process
and thereby to show the characteristic of positive resists. On
the other hand, when the exposure dose is increased to a
threshold value, the increased energy causes the separated
polymeric molecules to form polymeric blocks to have
crosslinking reactions and thereby to show the characteristic
of negative resists. However, magnetic resist material is not
provided by neither this Taiwan patent nor the commercial
resist materials as well as the requirement of developing with
water-soluble solvents. In light of the above problems, it is an
important research topic in the development of a new mag-
netic resist with both positive and negative resist properties,
water-soluble solvent developable property, and capability of
preparing nano-scale patterns.

SUMMARY OF THE INVENTION

In accordance with the present invention, a positive and
negative dual function magnetic resist lithography method is
provided. This positive and negative dual function magnetic
resist lithography method can meet the requirement of the
industry.

One object of the present invention is to provide a positive
and negative dual function magnetic resist for forming posi-
tive and negative resists with nano-scale patterns by varying
exposure doses. Furthermore, the process according to the
present invention uses water-soluble solvent as the develop-
ing solvent in accordance with environmental protection
trend. Clean production and green supply chain are intro-
duced to the production of magnetic device integrated circuit,
integrated circuit design industry, wafer foundry industry, and
printed circuit industry.

Another object of the present invention is to provide the
formed pattern with magnetic property. Because the magnetic
device is formed directly, the pattern process time is signifi-
cantly reduced as well as the production cost. Thus, the
present invention corresponds to both economic effect and
utilization in industry.

Accordingly, the present invention discloses a positive and
negative dual function magnetic resist lithography method.
At first, a substrate coated with a positive and negative dual
function magnetic resist layer is provided. The positive and
negative dual function magnetic resist layer comprises aman-
ganese(Mn)-containing precursor and at least one hydro-
philic polymer. Next, at least one exposure procedure for the
positive and negative dual function magnetic resist layer is
performed to form either a positive resist or a negative resist.
In addition, after the at least one exposure procedure, a devel-
oping procedure using water-soluble developer is performed.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows the scanning electron microscopic (SEM)
photographs of the finished products by the positive and nega-
tive dual function magnetic resist lithography method in
which (a) is the SEM photograph of the negative resist and (b)
is the SEM photograph of the positive resist;

FIG. 2 shows the atomic force microscopic (AFM) photo-
graphs of the finished products with the size of 5 pmx5 pm by
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the positive and negative dual function magnetic resist lithog-
raphy method in which (a) is the two-dimensional AFM pho-
tograph of the positive resist; (b) is the three-dimensional
AFM photograph of the positive resist; (¢) is the two-dimen-
sional AFM photograph of the negative resist; and, (d) is the
three-dimensional AFM photograph of the negative resist;

FIG. 3 shows the atomic force microscopic (AFM) photo-
graphs of the positive and negative dual function magnetic
resist with the size of 5 umxS5 pm after exposed with different
exposure doses and then developed in which (a) has the expo-
sure dose of 0 mC/cm?; (b) has the exposure dose of 0.1
mC/cm?; (¢) has the exposure dose of 0.6 mC/cm?; (d) has the
exposure dose of 2.0 mC/cm?; (e) has the exposure dose of 2.5
mC/cm?; (f) has the exposure dose of 4.2 mC/cm?; (g) has the
exposure dose of 7.3 mC/cm?; (h) has the exposure dose of
50.0 mC/cm?;

FIG. 4 shows the relative resist heights in the exposed area
and the unexposed area measured by AFM after the positive
and negative dual function magnetic resist thin film is pro-
cessed by the exposure of electron beams with different expo-
sure doses;

FIG. 5 shows the relationship of the magnetization and the
external magnetic field strength (10K) for the lanthanum
strontium manganese oxide (LSMO) according to the present
invention;

FIG. 6 shows the relationship of the temperature and the
resistance for the lanthanum strontium manganese oxide
(LSMO) according to the present invention under different
external magnetic field strengths; and,

FIG. 7 shows the relationship of the negative MR ratio and
the temperature for the lanthanum strontium manganese
oxide (LSMO) according to the present invention under dif-
ferent external magnetic field strengths.

DESCRIPTION OF THE PREFERRED
EXAMPLES

What is probed into the invention is a positive and negative
dual function magnetic resist lithography method. Detail
descriptions of the structure and elements will be provided in
the following in order to make the invention thoroughly
understood. Obviously, the application of the invention is not
confined to specific details familiar to those who are skilled in
the art. On the other hand, the common structures and ele-
ments that are known to everyone are not described in details
to avoid unnecessary limits of the invention. Some preferred
examples of the present invention will now be described in
greater detail in the following. However, it should be recog-
nized that the present invention can be practiced in a wide
range of other embodiments besides those explicitly
described, that is, this invention can also be applied exten-
sively to other embodiments, and the scope of the present
invention is expressly not limited except as specified in the
accompanying claims.

In the first embodiment of the present invention, a positive
and negative dual function magnetic resist lithography
method is provided. At first, a substrate coated with a positive
and negative dual function magnetic resist layer is provided.
The positive and negative dual function magnetic resist layer
comprises a manganese(Mn)-containing precursor and at
least one hydrophilic polymer. The precursor comprises one
selected from the group consisting of the following: nitrate,
hydroxide, oxalate, metallic alcoholate, acetate, citrate, and
acetylacetone complex. The hydrophilic polymer comprises
one selected from the group consisting of the following:
poly(acrylic acid) and poly(vinyl alcohol). Next, at least one
exposure procedure for the positive and negative dual func-
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tion magnetic resist layer is performed to form either a posi-
tive resist or a negative resist. In addition, after the at least one
exposure procedure, a developing procedure using water-
soluble developer, such as pure water, is performed.

In this embodiment, when the exposure energy is low, the
polymeric compositions in the resist receive the low energy to
be degraded, so as to show the characteristic of positive resist.
On the other hand, when the exposure energy is high, the
manganese precursor or other precursor has the auto ignition
behavior to cause the volume of the resist to significantly
inflate, so as to show the characteristic of negative resist.
Furthermore, it is well known that energy can be accumu-
lated. Therefore, when the same area is applied with two or
more exposures of low energy, it shows similar result com-
paring with being applied with one exposure of high energy.
However, when an area is applied with one exposure of high
energy, the result can not be changed by applying another
exposure of low energy, for chemical reaction is occurred
under high exposure energy and it is an irreversible reaction.
Additionally, by giving different exposure energy on different
area of the same layer, the positive and negative dual function
magnetic resist layer can form positive patterns and negative
patterns in the same layer.

In this embodiment, the molar ratio of the manganese to the
at least one hydrophilic polymer is about from 0.05 to 20 in
the positive and negative dual function magnetic resist layer.
The preferred range is about from 0.5 to 5. The above-men-
tioned hydrophilic polymer is used as phase promoter, so as to
promote the precursors to form the perovskite crystal phase.
In addition, organic acid (i.e. citric acid) has the function of
phase promoting. Therefore, an organic acid can be option-
ally added to the positive and negative dual function magnetic
resist layer. In a preferred example of the first embodiment,
the positive and negative dual function magnetic resist layer
further comprises a water-soluble solvent including one
selected from the group consisting of the following: pure
water, alcohol, and ketone. Moreover, part of the precursor
and/or part of the at least one hydrophilic polymer are sus-
pended particulates in the positive and negative dual function
magnetic resist layer. The particle diameter of the suspended
particulate is smaller than or equal to 100 pm.

In this embodiment, the exposure procedure uses electron
beams or other high energy beams with different wave-
lengths, such as CO, laser. In the case of using electron
beams, when the exposure dose is within a first range, the
positive and negative dual function magnetic resist layer
forms a positive resist. On the other hand, when the exposure
dose is within a second range, the positive and negative dual
function magnetic resist layer forms a negative resist. The
exposure dose in the second range is greater than that in the
first range. The first range is about from 0.5 mC/cm? to 5
mC/cm?®. The second range is about from 5 mC/cm? to 40
mC/em?. Furthermore, the exposure procedure further com-
prises a heating procedure. When the positive and negative
dual function magnetic resist layer is heated within a first
temperature range, a positive resist is formed. When the posi-
tive and negative dual function magnetic resist layer is heated
within a second temperature range, a negative resist is
formed. Besides, the temperature in the second temperature
range is greater than that in the first temperature range. The
first temperature range is about from 50° C. to 180° C. The
second temperature range is about from 180° C. to 400° C.

In the second embodiment of the present invention, a posi-
tive and negative dual function magnetic resist lithography
method is provided. At first, a substrate coated with a positive
and negative dual function magnetic resist layer is provided.
The positive and negative dual function magnetic resist layer
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comprises at least one hydrophilic polymer, a manganese
(Mn)-containing first precursor, and at least one second pre-
cursor. The at least one second precursor each comprises one
metallic element selected from the group consisting of the
following: La, Sr, Ca, Ba, and Pb. The molar ratio of the
manganese in the first precursor to total of the metallic ele-
ments in the at least one second precursor is 1:1. Next, at least
one exposure procedure for the positive and negative dual
function magnetic resist layer is performed to form either a
positive resist or a negative resist. In addition, after the at least
one exposure procedure, a developing procedure using water-
soluble developer, such as pure water, is performed.

In this embodiment, the molar ratio of the metallic ele-
ments to the at least one hydrophilic polymer is about from
0.05 to 20 in the positive and negative dual function magnetic
resist layer. The preferred range is about from 0.5 to 5. The
selections of the precursors, the hydrophilic polymer, and the
exposure procedure are in the same manner as the first
embodiment. Furthermore, the positive and negative dual
function magnetic resist layer can optionally comprise an
organic acid (i.e. citric acid) as phase promoter. In a preferred
example of this embodiment, the positive and negative dual
function magnetic resist layer further comprises a water-
soluble solvent including one selected from the group con-
sisting of the following: pure water, alcohol, and ketone.
Moreover, part of the precursor and/or part of the at least one
hydrophilic polymer are suspended particulates in the posi-
tive and negative dual function magnetic resist layer. The
particle diameter of the suspended particulate is smaller than
or equal to 100 pm.

In the third embodiment of the present invention, a positive
and negative dual function magnetic resist lithography
method is provided. At first, a substrate coated with a positive
and negative dual function magnetic resist layer is provided.
The positive and negative dual function magnetic resist layer
comprises at least one hydrophilic polymer, a lanthanum
precursor, a strontium precursor, and a manganese precursor.
The molar ratio of the sum of the lanthanum and the strontium
to the manganese is 1:1. The preferred molar ratio of the
lanthanum to the strontium is 7:3. Next, at least one exposure
procedure for the positive and negative dual function mag-
netic resist layer is performed to form either a positive resist
or a negative resist. In addition, after the at least one exposure
procedure, a developing procedure using water-soluble
developer, such as pure water, is performed.

In this embodiment, the molar ratio of the metallic ele-
ments to the at least one hydrophilic polymer is about from
0.05 to 20 in the positive and negative dual function magnetic
resist layer. The preferred range is about from 0.5 to 5. The
selections of the precursors, the hydrophilic polymer, and the
exposure procedure are in the same manner as the first
embodiment. Furthermore, the positive and negative dual
function magnetic resist layer can optionally comprise an
organic acid (i.e. citric acid) as phase promoter. In a preferred
example of this embodiment, the positive and negative dual
function magnetic resist layer further comprises a water-
soluble solvent including one selected from the group con-
sisting of the following: pure water, alcohol, and ketone.
Moreover, part of the precursor and/or part of the at least one
hydrophilic polymer are suspended particulates in the posi-
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tive and negative dual function magnetic resist layer. The
particle diameter of the suspended particulate is smaller than
or equal to 100 pm.

Example 1

FIG. 1 shows the scanning electron microscopic (SEM)
photographs of the finished products by the positive and nega-
tive dual function magnetic resist lithography method. FIG.
1(a) is the SEM photograph of the negative resist. The
designed pattern is of straight lines with a width of 240 nm
and an interval (distance between lines) of 60 nm. FIG. 1(b) is
the SEM photograph of the positive resist. The designed
pattern is a large area periodic pattern with honeycomb style.
The light-colored circle in the center is about 400 nm. It is
clear that periodic patterns with hundreds or even dozens of
nanometers can be prepared by the positive and negative dual
function magnetic resist according to the present invention.

Example 2

FIG. 2 shows the atomic force microscopic (AFM) photo-
graphs of the finished products with the size of 5 pmx5 pm by
the positive and negative dual function magnetic resist lithog-
raphy method. (a) and (b) in FIG. 2 are the two-dimensional
and three-dimensional AFM photographs of the positive
resist, respectively. (¢) and (d) in FIG. 2 are the two-dimen-
sional and three-dimensional AFM photographs of the nega-
tive resist, respectively. The positive and negative dual func-
tion magnetic resist according to the present invention forms
both positive and negative resist patterns.

Example 3

FIG. 3 shows the atomic force microscopic (AFM) photo-
graphs of the positive and negative dual function magnetic
resist with the size of 5 pmxS5 pg m after exposed with differ-
ent exposure doses and then developed. In FIG. 3, (a)~(h)
represent the cases exposed with different exposure doses: (a)
has the exposure dose of 0 mC/cm?; (b) has the exposure dose
of 0.1 mC/cm?; (c) has the exposure dose of 0.6 mC/cm?; (d)
has the exposure dose of 2.0 mC/cm?; (e) has the exposure
dose of 2.5 mC/em?; () has the exposure dose of 4.2 mC/cm?;
() has the exposure dose of 7.3 mC/cm?; (h) has the exposure
dose of 50.0 mC/cm?. The results show that the positive resist
pattern becomes the negative resist pattern as the exposure
dose for the positive and negative dual function magnetic
resist according to the present invention is increased.

Example 4

The positive and negative dual function magnetic resist
according to the present invention is coated on a substrate to
form a thin film with a thickness of 200 nm. The thin film is
exposed by electron beams with different exposure doses.
The relative resist heights in the exposed area and the unex-
posed area measured by AFM are shown in FIG. 4. When the
electron exposure dose is within 0.2~4.0 mC/cm?, the poly-
meric compositions in the resist receives the energy of low
energy electron beams to be degraded, so as to show the
characteristic of positive resist. On the other hand, when the
electron exposure dose is increased to be within 5.0~30
mC/cm?, the manganese precursor or other precursor has the
auto ignition behavior to cause the volume of the resist to
significantly inflate, so as to show the characteristic of nega-
tive resist.
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Example 5

Hysteresis curve at 10K of the lanthanum strontium man-
ganese oxide (LSMO) according to the present invention is
measured. The result is shown in FIG. 5. When the external
magnetic field strength is around 4000 Oe~5000 Oe, the
negative resist reaches saturated magnetic susceptibility.

Example 6

The relationship of the temperature and the resistance for
the lanthanum strontium manganese oxide (LSMO) accord-
ing to the present invention under different external magnetic
field strengths is measured in order to realize the influence of
the external magnetic field on the resistance. The external
magnetic field strengths of 10000 Oe, 50000 Oe, and 90000
Oe are selected to observe the changes in the resistance under
different external magnetic field strengths, as shown in FIG.
6. The whole resistance of the negative resist gradually
increases as the external magnetic field strength increases.
Therefore, the influence of the external magnetic field on the
negative resist provided by the present invention shows nega-
tive magnetoresist (MR) effect.

Example 7

FIG. 7 is obtained by the calculation from the result of FIG.
6 and shows the relationship of the negative MR ratio and the
temperature under different external magnetic field strengths.
The greater the external magnetic field strength is, the larger
the variation of the negative MR ratio of the negative resist
provided by the present invention. The variation of the MR
increases as the temperature decreases. The highest MR is at
10K (H=10000 Oe, MR %=38%).

Example 8

Process for Preparing Positive and Negative Dual
Function Magnetic Resist

At first, three major compositions are prepared: (1) lantha-
num strontium manganese magnetic precursor solution; (2)
phase promoter solution; (3) resist solvent.

(1) Lanthanum Strontium Manganese Magnetic Precursor
Solution
The lanthanum precursor, the strontium precursor, and the
manganese precursor are mixed with the molar ratio of 7:3:
10, respectively. The mixture is then mixed with solvent, such
as pure water and stirred until becoming uniform to prepare a
5wt % solution. In this example, the lanthanum precursor, the
strontium precursor, and the manganese precursor comprise
the following three categories:
(a) lanthanum nitrate, manganese nitrate, and strontium
nitrate;
(b) lanthanum nitrate, manganese nitrate, and strontium
hydroxide;
(c) lanthanum acetylacetonate, manganese acetylaceto-
nate, and strontium acetylacetonate.

(2) Phase Promoter Solution

The phase promoter solution is of hydrophilic polymer to
promote the precursors to form the perovskite crystal phase.
The phase promoter comprises poly(acrylic acid), poly(vinyl
alcohol) and so forth. The phase promoter is mixed with the
solvent and then stirred to prepare a 10 wt % solution, that is,
phase promoter solution.

w
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(3) Resist Solvent

The resist solvent has to dissolve (1) lanthanum strontium
manganese magnetic precursor solution and (2) phase pro-
moter solution and is nontoxic to human beings.

Then, the three major compositions are mixed together
with the volume ratio of 1:1:3. The mixed solution is stirred at
the room temperature or the temperature below 80° C. until
becoming clear transparent. After filtration, the positive and
negative dual function magnetic resist with suspended par-
ticulates smaller than 100 pm is fabricated.

Example 9

Fabrication of Positive and Negative Dual Function
Magnetic Resist Thin Film

The positive and negative dual function magnetic resist
from example 8 is spin-coated on a silicon wafer. The spin
coating conditions are depended on the viscosity of the solu-
tion. After the spin-coated thin film is vacuumed at the room
temperature for 12 hrs, a resist thin film is formed. Electron
lithography or photolithography is used to form a positive or
negative resist by varying the exposure dose. Finally, a water-
soluble developer is used to perform a developing procedure
s0 as to obtain the designed pattern.

The positive and negative dual function magnetic resist
provided in this invention can also be applied in fabrication of
photonic crystal slab. The fabricated LSMO photonic crystal
slab was used to enhance photoluminescence of CdSe nanoc-
rystals up to 280% due to its high refractive index character-
istic (n=2.38).

To sum up, the present invention discloses a positive and
negative dual function magnetic resist lithography method.
At first, a substrate coated with a positive and negative dual
function magnetic resist layer is provided. The positive and
negative dual function magnetic resist layer comprises aman-
ganese(Mn)-containing precursor and at least one hydro-
philic polymer. Next, at least one exposure procedure for the
positive and negative dual function magnetic resist layer is
performed to form either a positive resist or a negative resist.
In addition, after the at least one exposure procedure, a devel-
oping procedure using water-soluble developer is performed.

Obviously many modifications and variations are possible
in light of the above teachings. It is therefore to be understood
that within the scope of the appended claims the present
invention can be practiced otherwise than as specifically
described herein. Although specific embodiments have been
illustrated and described herein, it is obvious to those skilled
in the art that many modifications of the present invention
may be made without departing from what is intended to be
limited solely by the appended claims.

What is claimed is:

1. A positive and negative dual function magnetic resist
lithography method, comprising:

providing a substrate coated with a positive and negative

dual function magnetic resist layer, wherein said posi-
tive and negative dual function magnetic resist layer
comprises a manganese(Mn)-containing precursor and
at least one hydrophilic polymer; and,

performing at least one exposure procedure for said posi-

tive and negative dual function magnetic resist layer, so
as to form either a positive resist or a negative resist.

2. The method according to claim 1, wherein said precursor
comprises one selected from the group consisting of the fol-
lowing: nitrate, hydroxide, oxalate, metallic alcoholate,
acetate, citrate, and acetylacetone complex.
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3. The method according to claim 1, wherein said hydro-
philic polymer comprises one selected from the group con-
sisting of the following: poly(acrylic acid) and poly(vinyl
alcohol).

4. The method according to claim 1, wherein said positive
and negative dual function magnetic resist layer further com-
prises an organic acid.

5. The method according to claim 4, wherein said organic
acid comprises citric acid.

6. The method according to claim 1, wherein the molar
ratio of said manganese to said at least one hydrophilic poly-
mer is about from 0.05 to 20.

7. The method according to claim 1, wherein the molar
ratio of said manganese to said at least one hydrophilic poly-
mer is about from 0.5 to 5.

8. The method according to claim 1, wherein said positive
and negative dual function magnetic resist layer further com-
prises a water-soluble solvent.

9. The method according to claim 8, wherein said water-
soluble solvent comprises one selected from the group con-
sisting of the following: pure water, alcohol, and ketone.

10. The method according to claim 1, wherein part of said
precursor and/or part of said at least one hydrophilic polymer
are suspended particulates in said positive and negative dual
function magnetic resist layer.

11. The method according to claim 10, wherein said sus-
pended particulates have diameters smaller than or equal to
100 um.

12. The method according to claim 1, wherein said expo-
sure procedure uses electron beams.

13. The method according to claim 12, wherein said posi-
tive and negative dual function magnetic resist layer forms a
positive resist in the case of the exposure dose being within a
first range while said positive and negative dual function
magnetic resist layer forms a negative resist in the case of the
exposure dose being within a second range in which the
exposure dose in said second range is greater than that in said
first range.

14. The method according to claim 13, wherein said first
range is about from 0.5 mC/cm? to 5 mC/cm?.

15. The method according to claim 13, wherein said second
range is about from 5 mC/cm? to 40 mC/cm?.

16. The method according to claim 1, wherein said expo-
sure procedure further comprises a heating procedure in
which said positive and negative dual function magnetic resist
layer is heated within a first temperature range and thereby
forms a positive resist while said positive and negative dual
function magnetic resist layer is heated within a second tem-
perature range and thereby forms a negative resist, and
besides the temperature in said second temperature range is
greater than that in said first temperature range.

17. The method according to claim 16, wherein said first
temperature range is about from 50° C. to 180° C.

18. The method according to claim 16, wherein said second
temperature range is about from 180° C. to 400° C.

19. The method according to claim 1, after completion of
said exposure procedure, further comprising a developing
procedure that uses a water-soluble developer.

20. A positive and negative dual function magnetic resist
lithography method, comprising:

providing a substrate coated with a positive and negative

dual function magnetic resist layer, wherein said posi-
tive and negative dual function magnetic resist layer
comprises at least one hydrophilic polymer, a manga-
nese(Mn)-containing first precursor, and at least one
second precursor in which said second precursor each
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comprises one metallic element selected from the group
consisting of the following: La, Sr, Ca, Ba, and Pb; and,

performing at least one exposure procedure for said posi-
tive and negative dual function magnetic resist layer, so
as to form either a positive resist or a negative resist.
21. The method according to claim 20, wherein the molar
ratio of said manganese in said first precursor to total of said
metallic elements in said at least one second precursor is 1:1.
22. The method according to claim 20, wherein the molar
ratio of said metallic elements to said at least one hydrophilic
polymer is about from 0.05 to 20.
23. The method according to claim 20, wherein the molar
ratio of said metallic elements to said at least one hydrophilic
polymer is about from 0.5 to 5.
24. The method according to claim 20, wherein said expo-
sure procedure uses electron beams.
25. The method according to claim 24, wherein said posi-
tive and negative dual function magnetic resist layer forms a
positive resist in the case of the exposure dose being within a
first range while said positive and negative dual function
magnetic resist layer forms a negative resist in the case of the
exposure dose being within a second range in which the
exposure dose in said second range is greater than that in said
first range.
26. The method according to claim 25, wherein said first
range is about from 0.5 mC/cm?® to 5 mC/em?.
27. The method according to claim 25, wherein said second
range is about from 5 mC/cm? to 40 mC/cm?.
28. The method according to claim 20, wherein said expo-
sure procedure further comprises a heating procedure in
which said positive and negative dual function magnetic resist
layer is heated within a first temperature range and thereby
forms a positive resist while said positive and negative dual
function magnetic resist layer is heated within a second tem-
perature range and thereby forms a negative resist, and
besides the temperature in said second temperature range is
greater than that in said first temperature range.
29. The method according to claim 28, wherein said first
temperature range is about from 50° C. to 180° C.
30. The method according to claim 28, wherein said second
temperature range is about from 180° C. to 400° C.
31. The method according to claim 20, further comprises:
a developing procedure that uses a water-soluble developer,
after said at least one exposure procedure.
32. A positive and negative dual function magnetic resist
lithography method, comprising:
providing a substrate coated with a positive and negative
dual function magnetic resist layer, wherein said posi-
tive and negative dual function magnetic resist layer
comprises at least one hydrophilic polymer, a lanthanum
precursor, a strontium precursor, and a manganese pre-
cursor in which the molar ratio of the sum of said lan-
thanum and strontium to said manganese is 1:1; and,

performing at least one exposure procedure for said posi-
tive and negative dual function magnetic resist layer, so
as to form either a positive resist or a negative resist.

33. The method according to claim 32, wherein the molar
ratio of said lanthanum to said strontium is 7:3.

34. The method according to claim 32, wherein the molar
ratio of said metallic elements to said at least one hydrophilic
polymer is about from 0.05 to 20.

35. The method according to claim 32, wherein the molar
ratio of said metallic elements to said at least one hydrophilic
polymer is about from 0.5 to 5.

36. The method according to claim 32, wherein said expo-
sure procedure uses electron beams.



US 7,598,022 B2

11

37. The method according to claim 36, wherein said posi-
tive and negative dual function magnetic resist layer forms a
positive resist in the case of the exposure dose being within a
first range while said positive and negative dual function
magnetic resist layer forms a negative resist in the case of the
exposure dose being within a second range in which the
exposure dose in said second range is greater than that in said
first range.

38. The method according to claim 37, wherein said first
range is about from 0.5 mC/cm?® to 5 mC/cm?.

39. The method according to claim 37, wherein said second
range is about from 5 mC/cm? to 40 mC/cm?.

40. The method according to claim 32, wherein said expo-
sure procedure further comprises a heating procedure in
which said positive and negative dual function magnetic resist

10
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layer is heated within a first temperature range and thereby
forms a positive resist while said positive and negative dual
function magnetic resist layer is heated within a second tem-
perature range and thereby forms a negative resist, and
besides the temperature in said second temperature range is
greater than that in said first temperature range.

41. The method according to claim 40, wherein said first
temperature range is about from 50° C. to 180° C.

42. The method according to claim 40, wherein said second
temperature range is about from 180° C. to 400° C.

43. The method according to claim 32, further comprises:
a developing procedure that uses a water-soluble developer,
after said at least one exposure procedure.
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