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Description

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] The present invention relates to a method for
selectively etching an organic film for a plating resist and
so on.

Description of the Background Art

[0002] In the course of manufacturing electronic com-
ponents or the like, a process of applying an organic film
such as a plating resist to a substrate and selectively
etching the organic film may be performed. In this proc-
ess, the surface of the organic film is partially protected
by a hard mask layer made of SiO2 or the like, and there-
after, dry etching is performed to remove portions of the
organic film which are exposed from the hard mask.
[0003] As an example of the organic film etching meth-
od, a method of isotropically etching an organic film by
using oxygen radicals has been known. This method is
characterized by its high etching rate for the organic film.
[0004] As another method, a method of anisotropically
etching an organic film by using an etching gas obtained
by mixing CH-based gas and NH3 gas has been known
(JP-A-2005-79192) . In this method, during the etching,
the organic film and the etching gas chemically react with
each other to form a protective film on side surfaces of
the organic film. Therefore, the etching can be performed
with the side surfaces being protected, and thereby the
pattern of the hard mask layer can be accurately trans-
ferred onto the organic film.
[0005] However, the etching method using oxygen rad-
icals has the following drawback. That is, since this etch-
ing is isotropic etching although the etching rate is high,
if, for example, the organic film is thick, it is difficult to
accurately transfer the pattern of the hard mask layer
onto the organic film. For example, when a wiring pattern
is formed on a substrate having a large height difference
of several mm or more, the thickness of the organic film
(plating resist) needs to be increased. Since the isotropic
etching advances also on side walls, if the organic film
is thick, it is difficult to accurately transfer the pattern of
the hard mask layer onto the organic film. In particular,
when a fine wiring pattern needs to be formed on the
thick organic film, it is difficult for the isotropic etching to
accurately transfer the fine pattern of the hard mask layer
onto the organic film.
[0006] In addition, the method of anisotropically etch-
ing an organic film by using the etching gas obtained by
mixing CH-based gas and NH3 gas allows accurate trans-
fer of the pattern of the hard mask layer onto the organic
film. However, this etching method has the following
drawback. That is, when the thickness of the organic film
needs to be increased as described above, the etching
takes a long time since the etching rate is low. Therefore,

these etching gases are hard to be used.
[0007] US 2009/0286400 A1 discloses a method for
etching features in a dielectric layer through a photoresist
(PR) mask, the PR mask being patterned using laser light
having a wavelength not more than 193 nm, said method
comprising pre-treating the PR mask with a noble gas
plasma, and providing a plurality of cycles, wherein each
cycle comprises a deposition phase that deposits a dep-
osition layer over the PR mask, the deposition layer cov-
ering a top and sidewalls of mask features of the PR
mask, and a shaping phase that shapes the deposition
layer deposited over the PR mask.
[0008] US 7,759,239 B1 discloses a method of fabri-
cating a semiconductor device comprising forming a gate
layer over a semiconductor substrate, forming a hard
mask layer over the gate layer, forming a first material
layer over the hard mask layer, forming a patterned pho-
toresist layer having a first opening over the first material
layer, removing a portion of the first material layer be-
neath the first opening through a processing cycle includ-
ing forming a second material layer over the photoresist
layer and the first material layer, and etching the second
material layer and the first material layer, repeating the
processing cycle until the hard mask layer is exposed by
a second opening in the first material layer, the second
opening being formed in a last processing cycle and
smaller than the first opening, etching a portion of the
hard mask layer beneath the second opening to expose
the gate layer, and patterning the gate layer using the
hard mask layer, wherein a first etching selectivity of the
first and second material layers is smaller than a second
etching selectivity of the second material layer and the
photoresist layer.
[0009] The present invention has been made in view
of the above background, and provides a method for etch-
ing an organic film which allows accurate transfer of the
pattern of a hard mask layer at a high etching rate, which
enables etching in a short time, even in etching of a thick
organic film as in the case of etching an organic film
formed on a substrate having a large height difference.

SUMMARY OF THE INVENTION

[0010] One aspect of the present invention provides a
method for etching an organic film having a surface se-
lectively protected by a hard mask layer, the method in-
cluding:

a partial etching process of etching the organic film
partly in a thickness direction of the organic film by
using a mixed gas containing a gas that anisotropi-
cally etches a silicon oxide film and a gas that iso-
tropically etches the organic film without etching the
silicon oxide film, wherein the mixed gas has been
converted into plasma; and
a deposition process of depositing a protective film
made of the silicon oxide film on side surfaces and
a bottom surface of a recess formed in the organic

1 2 



EP 2 911 185 B1

3

5

10

15

20

25

30

35

40

45

50

55

film in the partial etching process,
the partial etching process and the deposition proc-
ess being alternately performed multiple times.

[0011] In the aforesaid method for etching the organic
film,
the partial etching process and the deposition process
are alternately performed multiple times. By so doing,
etching can be performed in the organic film from the
surface to a deeper position without greatly changing the
etching pattern . Therefore, even in the case of etching
a thick organic film as in the case of etching an organic
film formed on a substrate having a large height differ-
ence, the pattern of the hard mask layer can be accurately
transferred onto the organic film, and the etching rate
can be increased.
[0012] That is, since the mixed gas includes the gas
that anisotropically etches the silicon oxide film (protec-
tive film), when the partial etching process is performed
using the mixed gas, the protective films formed on the
side surfaces of the recess in the last deposition process
are not largely etched but the protective film formed at
the bottom surface is mainly etched so as to expose the
organic film at the bottom surface of the recess. And in
the subsequent partial etching process, the organic film
exposed at the bottom surface can be etched by the gas
which is included in the mixed gas and isotropically etch-
es the organic film without etching the silicon oxide film
(protective film).
[0013] By alternately repeating the partial etching proc-
ess and the deposition process, the organic film can be
etched in the thickness direction while the side surfaces
are protected by the protective films. In a portion of the
organic film to be newly etched by the isotropic etching
gas, etching advances also on the side surfaces of the
portion. However, by appropriately controlling the
amount of etching in the thickness direction, the amount
of etching at the side surfaces can be suppressed to a
negligible amount. Further, since the protective film is
formed in the subsequent deposition process, the side
surfaces can be protected by the protective film in the
partial etching process that follows the deposition proc-
ess, whereby the side surfaces are prevented from being
largely etched. Thereby, anisotropy of etching can be
enhanced, and the pattern of the hard mask layer can be
accurately transferred onto the organic film. Since the
etching rate of the isotropic etching gas is higher than
that of the above-mentioned mixed gas of CH-based gas
and NH3 gas, even when the partial etching process and
the deposition process are alternately performed, the
etching rate throughout the whole process can be made
relatively high.
[0014] As described above, according to the present
invention, it is possible to provide an organic film etching
method which allows accurate transfer of the pattern of
the hard mask layer, and has a high etching rate.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015]

FIG. 1 is a cross-sectional view illustrating a plating
method using an organic film etching method accord-
ing to Example 1;
FIG. 2 is a cross-sectional view that follows FIG. 1;
FIG. 3 is a cross-sectional view that follows FIG. 2;
FIG. 4 is a cross-sectional view that follows FIG. 3;
FIG. 5 is a major part enlarged view that follows FIG.
4, illustrating a partial etching process;
FIG. 6 is a major part enlarged view that follows FIG.
5, illustrating a deposition process;
FIG. 7 is a major part enlarged view that follows FIG.
6, illustrating the partial etching process;
FIG. 8 is a major part enlarged view that follows FIG.
7, illustrating the partial etching process;
FIG. 9 is a major part enlarged view that follows FIG.
8, illustrating the partial etching process;
FIG. 10 is a cross-sectional view after the partial
etching process and the deposition process have
been alternately performed multiple times in Exam-
ple 1;
FIG. 11 is a cross-sectional view that follows FIG. 10;
FIG. 12 is a cross-sectional view that follows FIG. 11;
FIG. 13 is a cross-sectional view that follows FIG. 12;
FIG. 14 is a top view illustrating an MI sensor man-
ufacturing method in Example 2;
FIG. 15 is a cross-sectional view taken along a line
XV-XV in FIG. 14;
FIG. 16 is a cross-sectional view that follows FIG. 15;
FIG. 17 is a top view that follows FIG. 16, illustrating
the MI sensor;
FIG. 18 is a cross-sectional view taken along a line
XVIII-XVIII in FIG. 17;
FIG. 19 is a cross-sectional view illustrating an MI
sensor manufacturing method in Example 3;
FIG. 20 is a cross-sectional view that follows FIG. 19;
FIG. 21 is a cross-sectional view that follows FIG. 20;
FIG. 22 is a flowchart in Experimental Example 1;
FIG. 23 is a SEM picture of a section of an etched
organic film in Experimental Example 1;
FIG. 24 is a flowchart in Comparative Experiment;
FIG. 25 is a SEM picture of a section of an etched
organic film in Comparative Experiment; and
FIG. 26 is a cross-sectional view of an organic film
in Comparative Example.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0016] In the aforesaid method for etching the organic
film, it is preferable that the mixed gas contains O2 gas
and Ar gas, and Ar+ and oxygen radicals are generated
from the mixed gas in the partial etching process, and
that the Ar+ anisotropically etches the silicon oxide film,
and the oxygen radicals isotropically etch the organic
film.
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[0017] When the Ar+ converted from the Ar gas is ap-
plied to the organic film, the Ar+ activates the organic film
at the bottom surface to enhance the reactivity. When
the Ar gas is used in combination with the O2 gas, the
etching rate can be increased much more effectively as
compared with the case where the O2 gas is solely used.
Further, when the oxygen radicals are used, the etching
rate of the organic film by the isotropic etching can be
particularly increased.
[0018] It is preferable that the organic film is a plating
resist for forming a wiring layer having a height difference
in the thickness direction of the organic film.
[0019] In order to form, by plating, a wiring layer having
a height difference in its thickness direction, a thick plat-
ing resist (organic film) needs to be used. In such a case
as the plating resist (organic film) is thick, the above-
mentioned etching method having such a high etching
rate can complete the etching in a short time. Further, as
described above, the etching method allows accurate
transfer of the pattern of the hard mask layer from the
surface of the organic film to a deeper position in the
organic film without greatly changing the pattern of the
hard mask layer. Therefore, even when the organic film
is thick, it is possible to easily form a wiring layer having
a small width.
[0020] Further, it is preferable that the wiring layer
forms a coil that winds around a magneto-sensitive body
provided on a substrate in an MI sensor, and that the
organic film is a plating resist for forming the coil.
[0021] The detection coil of the MI sensor needs to be
formed extending over a large protrusion formed by the
magneto-sensitive body or the substrate. Therefore, in
order to bury the height difference formed by the protru-
sion, the plating resist (organic film) for forming the de-
tection coil particularly needs to be thick. Further, in re-
cent years, demands for size reduction and high sensi-
tivity of the MI sensor have been increased, and accord-
ingly, it has become more necessary to enhance the sen-
sitivity by reducing the width of the detection coil and
increasing the number of turns thereof. This is because
the output power of the detection coil can be increased
by reducing the width thereof and increasing the number
of turns thereof. Thus, the plating resist (organic film) for
the coil of the MI sensor needs to have a large thickness
and a narrow width, and therefore, a method allowing
accurate pattern transfer at a high etching rate, like the
above-mentioned etching method, produces a great ad-
vantageous effects. In the MI sensor, besides the detec-
tion coil, a coil for applying a bias magnetic field or a
feedback coil may be formed. Also in this case, the
present invention can be similarly applied.
[0022] The present invention is also applicable to a
case where a coil other than the coil of the MI sensor is
formed. In order to form, by plating, a coil having a fine
pattern and extending over a large protrusion, a plating
resist (organic film) needs to have a large thickness and
reduced width. Therefore, the use of the present inven-
tion produces great advantageous effects.

[EXAMPLES]

(Example 1)

[0023] An example of the above-mentioned method for
etching an organic film will be described with reference
to FIGS. 1 to 13. As shown in FIGS. 4 to 10, in the etching
method according to the present example, an organic
film 1 whose surface is selectively protected by a hard
mask layer 2 is subjected to etching. In the present ex-
ample, a partial etching process (refer to FIGS. 7 to 9)
and a deposition process (refer to FIG. 6) are repeatedly
performed.
[0024] As shown in FIGS. 7 to 9, in the partial etching
process, the organic film 1 is etched partly in its thickness
direction by using a mixed gas containing a gas that an-
isotropically etches a silicon oxide film and a gas that
isotropically etches the organic film 1 without etching the
silicon oxide film.
[0025] As shown in FIG. 6, in the deposition process,
a protective film 3 made of a silicon oxide film is grown
on side surfaces 12 and a bottom surface 11 of a recess
10 formed in the organic film 1 in the partial etching proc-
ess.
[0026] The organic film 1 according to the present ex-
ample is a plating resist for forming a wiring layer 7 of an
electronic component. Hereinafter, a plating method us-
ing the etching method of the present example will be
described.
[0027] In the present example, a substrate 5 (refer to
FIG. 13) has a large protrusion (not shown), and the wir-
ing layer 7 is formed extending over the protrusion. In
order to form the wiring layer 7 by plating, a thick plating
resist (organic film 1: refer to FIG. 12) needs to be used.
In attempt to directly expose such a thick plating resist
(organic film 1) with an exposure device, the exposure
device cannot focus on the plating resist. Therefore, as
shown in FIG. 1, a hard mask layer 2 and a photoresist
63 are formed on the organic film 1, and the photoresist
63 and the hard mask layer 2 are first patterned (refer to
FIGS. 2 to 4) and then the organic film 1 is etched (refer
to FIGS. 5 to 10) to transfer the pattern of the hard mask
layer 2 onto the organic film 1. Hereinafter, the plating
method of the present example will be described in detail.
[0028] First, as shown in FIG. 1, on the substrate 5
made of silicon, a seed layer 61, a seed protective layer
62, the organic film 1, the hard mask layer 2, and the
photoresist 63 are formed in order. The seed layer 61 is
a layer that acts as a nucleus for plating growth in a plating
process described later. As the seed layer 61, for exam-
ple, Cu may be used. The seed protective layer 62 is a
layer for protecting the seed layer 61 when the organic
film 1 is etched. As the seed protective layer 62, for ex-
ample, a silicon oxide film may be used.
[0029] The organic film 1 is a plating resist used when
the later-described plating process (refer to FIGS. 12 and
13) is performed. As the organic film 1, for example, an
epoxy resin may be adopted. The hard mask layer 2 is
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a layer for forming a pattern for etching the organic film
1. For example, a silicon oxide film may be used.
[0030] After successively depositing the layers from
the seed layer 61 to the photoresist 63 on the substrate
5, an exposure and development process is performed
to pattern the photoresist 63 as shown in FIG. 2. There-
after, as shown in FIG. 3, the hard mask layer 2 is dry-
etched. Then, as shown in FIG. 4, the photoresist 63 is
stripped. Through the above steps, an object-to-be-proc-
essed 19 is manufactured in which the surface of the
organic film 1 is selectively protected by the hard mask
layer 2.
[0031] Thereafter, as shown in FIG. 5, the partial etch-
ing process is performed. As described above, the partial
etching process uses a mixed gas containing a gas that
anisotropically etches a silicon oxide film and a gas that
isotropically etches the organic film 1 without etching the
silicon oxide film. In the present example, O2 gas is used
as the gas for isotropic etching, and Ar gas is used as
the gas for anisotropic etching. In the partial etching proc-
ess, reactive ion etching (RIE) is performed. That is, in
a chamber, an electromagnetic wave is applied to the
mixed gas, thereby dissolving O2 in the mixed gas to
generate oxygen radicals, and ionizing Ar in the mixed
gas to generate Ar+. The oxygen radicals chemically re-
act with the organic film 1, whereby the organic film 1 is
isotropically etched. When the oxygen radicals are gen-
erated, oxygen ions are simultaneously generated, and
the silicon oxide film might be etched by the oxygen ions.
However, since the amount of the oxygen ions is negli-
gible, no serious problem occurs. In the partial etching
process, the organic film 1 is only etched partly in a di-
rection of its thickness d (refer to FIG. 2) . The Ar+ acti-
vates the surface of the organic film 1 to promote the
chemical reaction between the organic film 1 and the
oxygen radicals. In addition, the organic film 1 is physi-
cally etched also by the Ar+.
[0032] The partial etching process is followed by the
deposition process as shown in FIG. 6. In this step, the
protective film 3 made of a silicon oxide film is formed on
the bottom surface 11 and the side surfaces 12 of the
recess 10 formed in the partial etching process. At this
time, the protective film 3 is deposited also on the hard
mask layer 2. In the present example, the silicon oxide
film is grown by chemical vapor deposition (CVD) using
a material gas containing O2 and TMS (tetramethylsi-
lane). In the deposition process, O and Si, which have
been converted into plasma in the chamber, are bound
to each other on the surface of the object-to-be-proc-
essed 19, whereby the silicon oxide film is deposited.
Since the CVD is performed without applying an electric
field in the chamber, the reaction isotropically occurs.
Therefore, the protective film 3 made of the silicon oxide
film is formed on the bottom surface 11, the side surfaces
12, and the hard mask layer 2.
[0033] After the deposition process has been done, the
partial etching process is again performed as shown in
FIGS. 7 to 9. As described above, in the partial etching

process, RIE is performed using the mixed gas contain-
ing the gas (Ar gas) that anisotropically etches the silicon
oxide film and the gas (O2 gas) that isotropically etches
the organic film 1. That is, an electromagnetic wave is
applied to the mixed gas in the chamber, thereby gener-
ating Ar+ and oxygen radicals, and generating an electric
field in the chamber. Then, as shown in FIG. 7, the Ar+

is accelerated in the thickness direction (Z direction) by
the electric field, and collided with the protective film 3.
Thereby, as shown in FIG. 8, the protective films 3 formed
on the side surfaces 12 are not largely etched, but the
protective films 3 formed on the bottom surface 11 and
on the hard mask layer 2 are mainly etched. Thereby,
the organic film 1 is exposed at the bottom surface 11.
[0034] By continuing the partial etching process, as
shown in FIGS. 8 and 9, the bottom surface 11 in the
recess 10 is isotropically etched by the oxygen radicals.
At this time, the side surfaces 121 of the portion etched
in the last partial etching process (refer to FIG. 5) are
protected by the protective films 3, and therefore, are not
etched. At the side surfaces 122 of the portion to be newly
etched, etching advances also in the X direction (direc-
tion perpendicular to the Z direction). However, by ap-
propriately controlling the amount of etching in the Z di-
rection in one partial etching process, the amount of etch-
ing at the side surfaces 122 in the X direction can be
made negligible.
[0035] In the present example, the partial etching proc-
ess (refer to FIGS. 8 and 9) and the deposition process
(refer to FIG. 6) are alternately performed multiple times.
In this way, the side surfaces 121 of the portion already
etched can be protected by the protective film 3 formed
in the deposition process, and the side surfaces 122 of
the portion to be newly etched are prevented from being
largely etched in the X direction. Therefore, as shown in
FIG. 10, by repeating the two processes, the pattern of
the hard mask layer 2 can be accurately transferred onto
the organic film 1. Since the etching rate of the organic
film 1 etched by the oxygen radicals is high, even when
the deposition process and the partial etching process
are alternately performed, the etching rate throughout
the whole process can be made sufficiently high.
[0036] After the etching of the organic film 1 has been
completed, as shown in FIG. 11, wet etching is performed
to remove the hard mask layer 2 and the seed protective
layer 62. This process may be performed by dry etching
using CF4 gas or the like.
[0037] After the removal of the hard mask layer 2 and
the seed protective layer 62, as shown in FIG. 12, a plat-
ing process is performed to grow the wiring layer 7 on
the exposed seed layer 61. After the plating process has
been completed, as shown in FIG. 13, the organic film 1
is stripped, and further, the seed protective layer 62 and
the seed layer 61 are etched. Thus, the intended wiring
layer 7 is formed.
[0038] The functions and effects of the present exam-
ple will be described. In the present example, the partial
etching process (refer to FIGS. 7 to 9) and the deposition

7 8 



EP 2 911 185 B1

6

5

10

15

20

25

30

35

40

45

50

55

process (refer to FIG. 6) are alternately performed mul-
tiple times. Therefore, the pattern of the hard mask layer
2 can be accurately transferred onto the organic film 1,
and the etching rate can be increased.
[0039] That is, since the mixed gas contains the gas
that anisotropically etches the silicon oxide film (protec-
tive film 3), when the partial etching process is performed
using the mixed gas, the protective films 3 formed on the
side surfaces 12 in the last deposition process are not
largely etched, but the protective film 3 formed on the
bottom surface 11 is mainly etched, whereby the organic
film 1 at the bottom surface 11 can be exposed. There-
after, by continuing the partial etching process, the or-
ganic film 1 exposed at the bottom surface 11 can be
etched by the gas contained in the mixed gas and iso-
tropically etches the organic film 1.
[0040] By alternately repeating the partial etching proc-
ess and the deposition process, the organic film 1 can
be etched in the Z direction while the side surfaces 12
are protected by the protective film 3. Further, at the por-
tion of the organic film 1, which is to be newly etched by
the isotropic etching gas, etching also advances on the
side surfaces 122 thereof (refer to FIG. 9) . However, by
appropriately controlling the amount of etching in the Z
direction in a single partial etching process, the amount
of etching on the side surfaces 122 in the X direction can
be made negligible. Thereby, the anisotropy of the etch-
ing can be enhanced, and the pattern of the hard mask
layer 2 can be accurately transferred onto the organic
film 1. Since the etching rate of the isotropic etching gas
(O2) is high, even when the partial etching process and
the deposition process are alternately performed, the
etching rate throughout the whole process can be made
relatively high.
[0041] It is now assumed that an organic film is etched
by performing only the isotropic etching process without
alternately performing the partial etching process and the
deposition process. In this case, as shown in FIG. 26,
side surfaces 912 of the organic film 91 are largely etched
in the X direction. Accordingly, the larger the thickness
(the dimension in the Z direction) of the organic film 91
to be etched, the higher the likelihood of degradation in
transfer accuracy of the pattern of a hard mask layer 92
onto the organic film 91. In addition, there is a possibility
that the organic film 91 falls down. However, if the partial
etching process and the deposition process are alter-
nately performed as in the present example, the organic
film 1 is etched while the side surfaces 12 (refer to FIGS.
7 to 9) are protected by the protective film 3, and thus
the above problem is not likely to occur.
[0042] The etching method of the present example is
particularly effective when the organic film 1 is thick and
accurate pattern transfer is desired. In the present ex-
ample, as described above, the substrate 5 has a large
height difference, and this difference needs to be buried
with the organic film 1, and therefore, the thickness of
the organic film 1 is partially increased. Even in such a
situation, since the present example provides the high

etching rate, etching of the organic film 1 can be com-
pleted in a short time. In addition, since the pattern trans-
fer is accurately performed, the wiring layer 7 (refer to
FIG. 13) can be easily miniaturized.
[0043] The mixed gas of the present example contains
O2 gas and Ar gas. During the partial etching process
(refer to FIGS. 7 to 9), oxygen radicals and Ar+ are gen-
erated, and the protective film 3 is anisotropically etched
by the Ar+ while the organic film 1 is isotropically etched
by the oxygen radicals.
[0044] When the Ar+ converted from the Ar gas is ap-
plied to the organic film, the Ar+ activates the organic film
at the bottom surface to enhance the reactivity. There-
fore, by using the Ar gas in combination with the O2 gas,
the etching rate of the organic film etched by the oxygen
radicals can be further increased.
[0045] While in the present example O2 gas is used as
the isotropic etching gas, N2 gas may be used. However,
in terms of the etching rate, O2 gas is most suitable. Al-
ternatively, a mixed gas containing O2 gas and N2 gas
may be used. In this case, the higher the ratio of the O2
gas, the more advantageous the mixed gas is in terms
of the etching rate.
[0046] As described above, according to the present
example, it is possible to provide an organic film etching
method which allows accurate transfer of the pattern of
the hard mask layer, and has a high etching rate.
[0047] While in the present example a gas obtained by
mixing O2 gas and TMS (tetramethylsilane) is employed
as the material gas in the deposition process, the present
invention is not limited thereto. Instead of TMS, other
organic Si gases such as tetramethoxysilane (TMOS),
methyltrimethoxysilane (MTMOS), dimethyldimethox-
ysilane (DMDMOS), and methoxymethylsilane
(MOTMS) may be used.
[0048] While in the present example Ar gas is em-
ployed as the gas that anisotropically etches the silicon
oxide film, other rare gases such as Kr and Xe may be
employed. However, since Ar gas is inexpensively avail-
able among rare gases, it is preferable to use Ar gas.
[0049] The above-mentioned "silicon oxide film" is not
limited to SiO2, and a silicon oxide film in which the com-
position ratio of Si and O slightly deviates from 1:2 is also
included in the "silicon oxide film". For example, depend-
ing on the deposition condition of CVD, it is possible to
deposit a silicon oxide film in which the composition ratio
of Si and O slightly deviates from 1:2.

(Example 2)

[0050] Example 2 is one example to form a detection
coil 79 to be wound around an amorphous wire in an MI
sensor 4 (Magneto-Impedance Sensor) by employing the
above-mentioned method for etching the organic film 1.
As shown in FIGS. 14 and 15, in manufacturing the MI
sensor 4, first, a first wiring layer 7a is formed on a sub-
strate 5 made of silicon, and a holding member 41 made
of resin is applied thereon to hold a linear magneto-sen-
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sitive body 40. Thereafter, the holding member 41 is
cured with heat. The first wiring layer 7a can be formed
by using a well-known plating process.
[0051] Thereafter, as shown in FIG. 16, a seed layer
61, a seed protective layer 62, an organic film 1 (plating
resist), a hard mask layer 2, and a photoresist 63 are
deposited in order. The materials and the like of these
layers f are identical to those of Example 1.
[0052] Thereafter, an exposure and development
process (refer to FIG. 2), a dry-etching process (refer to
FIG. 3), and a resist stripping process (refer to FIG. 4)
are successively performed in a similar manner to that
for Example 1, and furthermore, a partial etching process
(refer to FIGS. 7 to 9) and a deposition process (refer to
FIG. 6) are alternately performed multiple times.
[0053] In the present example, as shown in FIG. 16, a
large height difference is formed by the magneto-sensi-
tive body 40 and the holding member 41. Since this dif-
ference needs to be buried by using the organic film 1,
the thickness of the organic film 1 has to be increased.
In addition, the organic film 1 has a thin portion D1 and
a thick portion D2. Therefore, even if it is attempted to
form the organic film 1 made of a photosensitive resist
and directly expose the photosensitive resist by using an
exposure device, the exposure device cannot focus on
the resist. Therefore, it is necessary to once expose the
photoresist 63, etch the hard mask layer 2 (refer to FIG.
3), and transfer the pattern of the hard mask layer 2 onto
the organic film 1.
[0054] After the entire organic film 1 has been etched
throughout by alternately performing the partial etching
process and the deposition process, a plating process is
performed (refer to FIGS. 12 and 13). Thereby, as shown
in FIGS. 17 and 18, a second wiring layer 7b is formed
by plating. The second wiring layer 7b is formed extend-
ing over the magneto-sensitive body 40 and the holding
member 41. The second wiring layer 7b is connected to
both ends 710 of the first wiring layer 7a. The first wiring
layer 7a and the second wiring layer 7b form the detection
coil 79.
[0055] The functions and effects of the present exam-
ple will be described. The organic film 1 of the present
example is a plating resist for forming the wiring layer 7
(second wiring layer 7b) having a height difference in the
Z direction.
[0056] In order to form the wiring layer 7 having a height
difference in the Z direction by plating, a thick plating
resist (organic film 1) needs to be used. In this case,
when the above-mentioned etching method is used,
since the etching rate is high, even the thick plating resist
(organic film 1) can be etched in a short time. If the width,
the pattern interval, or the like of the wiring is reduced, a
problem such as short-circuit or disconnection easily oc-
curs, which may make formation of the wiring difficult.
However, since the above-mentioned etching method al-
lows accurate transfer of the pattern, the wiring layer 7
can be more miniaturized as compared to the conven-
tional method.

[0057] In the present example, the wiring layer 7 (sec-
ond wiring layer 7b) forms the detection coil 79 of the MI
sensor.
[0058] The wiring layer 7 (second wiring layer 7b) form-
ing the detection coil 79 of the MI sensor 4 needs to ex-
tend over a large protrusion formed by the magneto-sen-
sitive body 40 and the holding member 41. Therefore, in
order to bury a height difference formed by this protru-
sion, the plating resist (organic film 1) for forming the
detection coil 79 is particularly required to be thick. In
recent years, with an increase in demands for size re-
duction and high sensitivity of the MI sensor 4, the ne-
cessity of miniaturizing the pattern of the detection coil
79 as described above has been increased. Since the
plating resist for forming the detection coil 79 needs to
be thick and the pattern of the detection coil 79 needs to
be miniaturized as described above, a great effect is
achieved when a method that has a high etching rate and
allows accurate transfer of the pattern of the hard mask
layer 2, like the above-mentioned etching method, is em-
ployed.
[0059] Other components, functions, and effects of Ex-
ample 2 are identical to those of Example 1.

(Example 3)

[0060] Example 3 relates to a modification of the shape
of the MI sensor 4. In manufacturing the MI sensor 4 of
the present example is manufactured, as shown in FIG.
19, first, a groove 50 is formed in a substrate 5, and a
seed layer 61 and a seed protective layer 62 are depos-
ited. At this time, the seed layer 61 and the seed protec-
tive layer 62 are deposited also on side surfaces 51 and
a bottom surface 52 of the groove 50. Subsequently, an
organic film 1 (plating resist), a hard mask layer 2, and
a photoresist 63 are deposited.
[0061] Thereafter, as in Example 2, an exposure and
development process (refer to FIG. 2), a dry etching proc-
ess (refer to FIG. 3), and a resist stripping process (refer
to FIG. 4) are successively performed. Further, a partial
etching process (refer to FIGS. 7 to 9) and a deposition
process (refer to FIG. 6) are alternately performed mul-
tiple times to etch the organic film 1 in the Z direction.
Thereafter, a plating process (refer to FIGS. 12 and 13)
is performed to form a first wiring layer 7a by plating as
shown in FIG. 20. Thereafter, as shown in FIG. 21, a
magneto-sensitive body 40 is disposed in the groove 50,
and the groove 50 is filled with a holding member 41
made of resin. Thereafter, a second wiring layer 7b is
formed. The second wiring layer 7b can be formed by
using a well-known plating method. The first wiring layer
7a and the second wiring layer 7b form a detection coil 79.
[0062] In the present example, as shown in FIGS. 19
and 20, when the first wiring layer 7a of the detection coil
79 is formed, the groove 50 needs to be filled with the
organic film 1 (plating resist). Therefore, the organic film
1 needs to be thick. Further, in order to meet the recent
demands for high sensitivity of the MI sensor 4, it is nec-

11 12 



EP 2 911 185 B1

8

5

10

15

20

25

30

35

40

45

50

55

essary to miniaturize the pattern of the detection coil 79
by, for example, reducing the width or the pattern interval
of the wiring layer 7 constituting the detection coil 79.
Therefore, a great effect is achieved when a method that
has a high etching rate of the organic film 1 and allows
accurate pattern transfer, like the above-mentioned etch-
ing method, is used.

(Experimental Example 1)

[0063] An experiment for confirming the effects of the
present invention was conducted. First, on a substrate 5
made of silicon (refer to FIG. 1), a seed layer 61 made
of Cu, a seed protective layer 62 made of SiO2, an organic
film 1 made of an epoxy resin, a hard mask layer 2 made
of SiO2, and a photoresist 63 were laminated in this order.
A Ti thin film was interposed between the respective lay-
ers (except for a position directly beneath the photoresist
63) to enhance adhesion. As the organic film 1, THB-
126N manufactured by JSR Corporation was adopted.
The thickness of the organic film 1 was 40 mm. As the
photoresist 63, TMMR P-W1000PM manufactured by
Tokyo Ohka Kogyo Co., Ltd. was used. The thickness of
the photoresist 63 was 4 mm. The thicknesses of the seed
protective layer 62 and the hard mask layer 2 were each
0.5 mm.
[0064] After the above-mentioned process, an expo-
sure and development process (refer to FIG. 2) was per-
formed to form an etching pattern so that the width W1
of each remaining portion 630 and the width W2 of each
space 631 were each 5.0 mm. Thereafter, a dry etching
process using CF4 gas was performed to etch the hard
mask layer 2 (refer to FIG. 3), and the photoresist 63 was
stripped (refer to FIG. 4). Through the above-mentioned
processes, an object-to-be-processed 19 was manufac-
tured.
[0065] Thereafter, a partial etching process (refer to
FIGS. 7 to 9) and a deposition process (refer to FIG. 6)
were alternately performed, thereby performing a proc-
ess of etching the organic film 1 in the Z direction. As an
etching device, Plasmalab System 100 manufactured by
Oxford Instruments was used. In the etching step, as
shown in FIG. 22, first, O2 gas and Ar gas were introduced
in a chamber, and the etching device waited for five min-
utes to stabilize the substrate temperature (step S1).
Thereafter, the chamber was evacuated, and a gas for
etching was introduced (step S2). In this step, after O2
gas was introduced into the chamber at a rate of 3.38 3
10-2 m3/s, Ar gas was introduced into the chamber at a
rate of 3.38 3 10-2 m3/s. The O2 gas and the Ar gas were
mixed with each other in the chamber.
[0066] Next, a partial etching process was performed
(step S3). In the partial etching process, the air pressure
in the chamber was set at 0.266 Pa, and the temperature
of the object-to-be-processed 19 was set at 25 6 10°C.
[0067] After the partial etching process, the chamber
was evacuated, and a material gas of a protective film 3
was introduced (step S4). In this step, O2 gas was intro-

duced into the chamber at a rate of 1.35 3 10-2 m3/s,
and thereafter, TMS (tetramethylsilane) was introduced
into the chamber at a rate of 3.38 3 10-3 m3/s. Step S4
was followed by a deposition process (step S5). In the
deposition step, the air pressure in the chamber was set
at 0.266 Pa, and the temperature of the object-to-be-
processed 19 was set at 25 6 10°C. Then, the protective
film 3 was deposited in the thickness of 10 nm.
[0068] After the steps S2 to S5 had been repeated
twenty-five times, a final process (step S6) was per-
formed. The etching rate throughout the whole process,
including the deposition process (step S5), was 0.43
mm/min. It was confirmed that this etching rate was not
greatly different from an etching rate (0.47 mm/min) ob-
tained in a comparative experiment described later.
[0069] When etching is performed using a mixed gas
of CH-based gas and NH3 gas as in the conventional art,
the etching rate is 0.15 mm/min. It is found that, in com-
parison with this value, the present invention can signif-
icantly improve the etching rate (0.43 mm/min).
[0070] FIG. 23 shows a SEM picture of a cross section
of the organic film 1 has been entirely etched. It is found
from this picture that each side surface 12 of the organic
film 1 is not largely etched in the X direction and the pat-
tern of the photoresist 63 is accurately transferred. The
maximum width of the recess 10 is 5.7 mm, and the pat-
tern conversion error is 14%.

(Comparative Experiment)

[0071] A comparative experiment, which is not includ-
ed in the present invention, was performed. First, an ob-
ject-to-be processed 19 identical to that of Experimental
Example 1 was manufactured. Then, etching was solely
performed without a protective film (refer to FIG. 6) being
formed, thereby to etch the entire organic film. That is,
as shown in FIG. 24, after introduction of the gas into the
chamber, the etching device waited for five minutes (step
S11), and thereafter, the etching gas was introduced into
the chamber (step S12). In this step, O2 gas was intro-
duced at a rate of 3.38 3 10-2 m3/s, and then Ar gas was
introduced at a rate of 3.38 3 10-2 m3/s.
[0072] Next, etching of the organic film was performed
(step S13). In this step, the air pressure in the chamber
was set at 0.266 Pa, and the temperature of the object-
to-be-processed 19 was set at 25 6 10°C. Then, the en-
tire organic film was etched in the Z direction by a single
etching process without a protective film being formed.
[0073] The etching rate of the organic film was 0.47
mm/min. FIG. 25 shows a SEM picture of a cross section
of the organic film after etched. It is found from this picture
that each side surface 912 of the organic film 91 is largely
etched in the X direction and the pattern of the photoresist
63 is not accurately transferred. The maximum width of
the recess 10 is 8.3 mm, and the pattern conversion error
is 66%. Thus, it is found that the pattern transfer error is
greater in the comparative experiment than in Example 1.
[0074] It is explicitly stated that all features disclosed
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in the description and/or the claims are intended to be
disclosed separately and independently from each other
for the purpose of original disclosure as well as for the
purpose of restricting the claimed invention independent
of the composition of the features in the embodiments
and/or the claims . It is explicitly stated that all value rang-
es or indications of groups of entities disclose every pos-
sible intermediate value or intermediate entity for the pur-
pose of original disclosure as well as for the purpose of
restricting the claimed invention, in particular as limits of
value ranges.

DESCRIPTION OF THE REFERENCE CHARACTERS

[0075]

1 organic film
10 recess
11 bottom surface
12 side surface
2 hard mask layer
3 protective film

Claims

1. A method for etching an organic film having a surface
selectively protected by a hard mask layer, the meth-
od comprising:

a partial etching process of etching the organic
film partly in a thickness direction of the organic
film by using a mixed gas containing a gas that
anisotropically etches a silicon oxide film and a
gas that isotropically etches the organic film
without etching the silicon oxide film, wherein
the mixed gas has been converted into plasma;
and
a deposition process of depositing a protective
film made of the silicon oxide film on side sur-
faces and a bottom surface of a recess formed
in the organic film in the partial etching process,
the partial etching process and the deposition
process being alternately performed multiple
times.

2. The method according to claim 1,
wherein the mixed gas contains O2 gas and Ar gas,
and Ar+ and oxygen radicals are generated from the
mixed gas in the partial etching process, and
wherein the Ar+ anisotropically etches the silicon ox-
ide film, and the oxygen radicals isotropically etch
the organic film.

3. The method according to claim 1 or 2,
wherein the organic film is a plating resist for forming
a wiring layer having a height difference in the thick-
ness direction of the organic film.

4. The method according to claim 3,
wherein the wiring layer forms a coil that winds
around a magneto-sensitive body provided on a sub-
strate in a Magneto-Impedance (MI) sensor, and
wherein the organic film is a plating resist for forming
the coil.

Patentansprüche

1. Verfahren zum Ätzen eines organischen Films mit
einer Oberfläche, die selektiv durch eine harte Mas-
kenschicht geschützt ist, wobei das Verfahren um-
fasst:

einen Teilätzvorgang des partiellen Ätzens des
organischen Films in einer Dickenrichtung des
organischen Films unter Verwendung eines
Mischgases, das ein Gas, das einen Siliziumo-
xidfilm anisotrop ätzt, und ein Gas enthält, das
den organischen Film isotrop ätzt, ohne den Si-
liziumoxidfilm zu ätzen, wobei das Mischgas in
ein Plasma umgewandelt worden ist; und
einen Abscheidungsvorgang des Abscheidens
eines Schutzfilms, der aus dem Siliziumoxidfilm
hergestellt ist, auf Seitenoberflächen und einer
unteren Oberfläche einer Aussparung, die in
dem organischen Film in dem Teilätzvorgang
gebildet worden ist,
wobei der Teilätzvorgang und der Abschei-
dungsvorgang mehrmals abwechselnd durch-
geführt werden.

2. Verfahren nach Anspruch 1,
bei dem das Mischgas O2-Gas und Ar-Gas enthält
und in dem Teilätzvorgang Ar+ und Sauerstoffradi-
kale aus dem Mischgas erzeugt werden, und
wobei das Ar+ den Siliziumoxidfilm anisotrop ätzt und
die Sauerstoffradikale den organischen Film isotrop
ätzen.

3. Verfahren nach Anspruch 1 oder 2,
bei dem der organische Film ein Plattierungsphoto-
lack zum Bilden einer Verdrahtungsschicht mit einer
Höhendifferenz in der Dickenrichtung des organi-
schen Films ist.

4. Verfahren nach Anspruch 3,
bei dem die Verdrahtungsschicht eine Spule bildet,
die um einen magnetisch sensitiven Körper gewun-
den ist, der auf einem Substrat in einem Magnetoim-
pedanz (MI)-Sensor bereitgestellt ist, und
wobei der organische Film ein Plattierungsphotolack
zum Bilden der Spule ist.
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Revendications

1. Procédé de gravure d’un film organique ayant une
surface sélectivement protégée par une couche de
masque dur, le procédé comprenant :

un processus de gravure partielle consistant à
graver le film organique en partie dans une di-
rection d’épaisseur du film organique par l’utili-
sation d’un gaz mixte contenant un gaz qui grave
anisotropiquement un film d’oxyde de silicium
et un gaz qui grave isotropiquement le film or-
ganique sans graver le film d’oxyde de silicium,
dans lequel le gaz mixte a été converti en
plasma ; et
un processus de dépôt consistant à déposer un
film protecteur constitué du film d’oxyde de sili-
cium sur des surfaces de côté et une surface de
dessous d’un évidement formé dans le film or-
ganique dans le processus de gravure partielle,
le processus de gravure partielle et le processus
de dépôt étant réalisés en alternance de multi-
ples fois.

2. Procédé selon la revendication 1,
dans lequel le gaz mixte contient de l’O2 gazeux et
de l’Ar gazeux, et des radicaux Ar+ et oxygène sont
générés à partir du gaz mixte dans le processus de
gravure partielle, et
dans lequel le Ar+ grave anisotropiquement le film
d’oxyde de silicium, et les radicaux oxygène gravent
isotropiquement le film organique.

3. Procédé selon la revendication 1 ou 2,
dans lequel le film organique est une réserve contre
le placage destinée à former une couche de câblage
ayant une différence de hauteur dans la direction de
l’épaisseur du film organique.

4. Procédé selon la revendication 3,
dans lequel la couche de câblage forme une bobine
qui s’enroule autour d’un corps magnéto-sensible
ménagé sur un substrat dans un capteur de magné-
to-impédance (MI), et
dans lequel le film organique est une réserve contre
le placage destinée à former la bobine.
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