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(57) ABSTRACT 

Amethod of forming a patterned thin ?lm comprises the step 
of forming a frame having an undercut near the bottom 
thereof on an electrode ?lm; and the plating step of forming 
the patterned thin ?lm by plating through the use of the 
frame. The patterned thin ?lm includes a plurality of linear 
portions disposed side by side. Each of the linear portions 
has a portion close to the electrode ?lm. This portion has a 
Width greater than the Width of the remaining portion of each 
of the linear portions. 
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PATTERNED THIN FILM AND METHOD OF 
FORMING SAME 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a patterned thin 
?lm including a linear portion and a method of forming the 
same. 

[0003] 2. Description of the Related Art 

[0004] Frame plating is one of the methods of forming a 
thin ?lm that is patterned (referred to as patterned thin ?lm 
in the present patent application), such as the method 
disclosed in Published Examined Japanese Patent Applica 
tion ShoWa 56-36706 (1981). To perform the frame plating 
disclosed, an electrode ?lm is formed on a substrate, for 
eXample, and a resist layer is formed on the electrode ?lm. 
The resist layer is patterned by photolithography to form a 
frame to be used for plating. Electroplating is then per 
formed through the use of the frame With the electrode ?lm 
already formed as an electrode and a seed layer, so as to form 
a patterned thin ?lm made of a conductive material. 

[0005] Apatterned thin ?lm formed by frame plating may 
be utiliZed in microdevices, for eXample. Such microdevices 
include a thin-?lm inductor, a thin-?lm magnetic head, a 
semiconductor device, a sensor incorporating thin ?lms, and 
an actuator incorporating thin ?lms. 

[0006] Patterned thin ?lms include those having a plurality 
of linear portions disposed side by side, such as a coil or 
Wiring. For such a patterned thin ?lm it is required to reduce 
the Width of the linear portions and to reduce the space 
betWeen adjacent linear portions in some cases so as to 
enhance the integration. 

[0007] If the Width of the linear portions of the patterned 
thin ?lm is made too small, hoWever, the resistance of the 
linear portions increases and a problem such as generation of 
heat in the linear portions arises. 

[0008] The folloWing problem arises if the space betWeen 
adjacent ones of the linear portions of the patterned thin ?lm 
is reduced. When the patterned thin ?lm is formed by frame 
plating, the space betWeen adjacent ones of the linear 
portions is determined by the Width of a dividing portion 
disposed betWeen adjacent ones of grooves of the frame. The 
minimum Width of the dividing portion depends on the 
resolution of the resist used for making the frame. The 
resolution of the resist is determined by the material of the 
resist and the eXposure method. As thus described, to form 
the patterned thin ?lm by frame plating, it is dif?cult to make 
the space betWeen adjacent ones of the linear portions of the 
patterned thin ?lm smaller than the limit determined by the 
resolution of the resist. 

OBJECTS AND SUMMARY OF THE 
INVENTION 

[0009] It is a ?rst object of the invention to provide a 
method of forming a patterned thin ?lm by frame plating to 
form the patterned thin ?lm including a linear portion that is 
small in Width and has a loW resistance. 

[0010] It is a second object of the invention to provide a 
patterned thin ?lm including a linear portion that is small in 
Width and has a loW resistance. 
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[0011] A method of the invention is provided for forming 
a patterned thin ?lm including a linear portion by frame 
plating. The method comprises: the step of forming a frame 
having an undercut near the bottom thereof on a base layer; 
and the plating step of forming the patterned thin ?lm by 
plating through the use of the frame such that the linear 
portion has a portion close to the base layer, the portion 
having a Width greater than a Width of the remaining portion 
of the linear portion. 

[0012] According to the method of forming the patterned 
thin ?lm of the invention, it is possible to reduce the Width 
of the linear portion of the patterned thin ?lm and to reduce 
the resistance of the linear portion. 

[0013] According to the method of the invention, the 
patterned thin ?lm may be formed to include a plurality of 
linear portions disposed side by side. 

[0014] A patterned thin ?lm of the invention is disposed 
on a base layer and includes a linear portion. The linear 
portion has a portion close to the base layer. This portion has 
a Width greater than a Width of the remaining portion of the 
linear portion. 

[0015] According to the patterned thin ?lm of the inven 
tion, it is possible to reduce the Width of the linear portion 
and to reduce the resistance of the linear portion. 

[0016] The patterned thin ?lm of the invention may 
include a plurality of linear portions disposed side by side. 

[0017] Other and further objects, features and advantages 
of the invention Will appear more fully from the folloWing 
description. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0018] FIG. 1 is a perspective vieW of a thin-?lm inductor 
as an eXample of a microdevice to Which a method of 
forming a patterned thin ?lm of a ?rst embodiment of the 
invention is applied. 

[0019] FIG. 2 is a cross section for illustrating a step in the 
method of forming the patterned thin ?lm of the ?rst 
embodiment of the invention. 

[0020] FIG. 3 is a cross section for illustrating a step that 
folloWs FIG. 2. 

[0021] FIG. 4 is a cross section for illustrating a step that 
folloWs FIG. 3. 

[0022] FIG. 5 is a cross section for illustrating a step that 
folloWs FIG. 4. 

[0023] FIG. 6 is a cross section for illustrating a step that 
folloWs FIG. 5. 

[0024] FIG. 7 is a cross section for illustrating a step that 
folloWs FIG. 6. 

[0025] FIG. 8 is a cross section for illustrating a step that 
folloWs FIG. 7. 

[0026] FIG. 9 is a cross section for illustrating a step that 
folloWs FIG. 8. 

[0027] FIG. 10 is a cross section of another con?guration 
of the patterned thin ?lm of the ?rst embodiment. 

[0028] FIG. 11 is a cross section of still another con?gu 
ration of the patterned thin ?lm of the ?rst embodiment. 
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[0029] FIG. 12 is a cross section for illustrating a step in 
a method of forming a patterned thin ?lm of a second 
embodiment of the invention. 

[0030] FIG. 13 is a cross section for illustrating a step that 
folloWs FIG. 12. 

[0031] FIG. 14 is a cross section for illustrating a step that 
folloWs FIG. 13. 

[0032] FIG. 15 is a cross section for illustrating a step that 
folloWs FIG. 14. 

[0033] FIG. 16 is a cross section for illustrating a step that 
folloWs FIG. 15. 

[0034] FIG. 17 is a cross section for illustrating a step that 
folloWs FIG. 16. 

[0035] FIG. 18 is a cross section of an example of 
con?guration of linear portions of the patterned thin ?lm of 
the second embodiment. 

[0036] FIG. 19 is a cross section of another example of 
con?guration of the linear portions of the patterned thin ?lm 
of the second embodiment. 

[0037] FIG. 20 is a cross section of still another example 
of con?guration of the linear portions of the patterned thin 
?lm of the second embodiment. 

[0038] FIG. 21 is a cross section for illustrating a step in 
a method of forming a patterned thin ?lm of a third embodi 
ment of the invention. 

[0039] FIG. 22 is a cross section for illustrating a step that 
folloWs FIG. 21. 

[0040] FIG. 23 is a cross section for illustrating a step that 
folloWs FIG. 22. 

[0041] FIG. 24 is a cross section for illustrating a step that 
folloWs FIG. 23. 

[0042] FIG. 25 is a cross section for illustrating a step that 
folloWs FIG. 24. 

[0043] FIG. 26 is a cross section for illustrating a step that 
folloWs FIG. 25. 

[0044] FIG. 27 is a cross section for illustrating a step that 
folloWs FIG. 26. 

[0045] FIG. 28 is a cross section for illustrating a step that 
folloWs FIG. 27. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0046] Preferred embodiments of the invention Will noW 
be described in detail With reference to the accompanying 
draWings. 

[0047] [First Embodiment] 
[0048] Reference is noW made to FIG. 1 to describe a 
thin-?lm inductor as an example of a microdevice to Which 
a method of forming a patterned thin ?lm of a ?rst embodi 
ment of the invention is applied. FIG. 1 is a perspective 
vieW of the thin-?lm inductor of the embodiment. 

[0049] The thin-?lm inductor of FIG. 1 comprises: a 
substrate 101; a thin-?lm coil 102 formed on the substrate 
101; and tWo leads 103 connected to ends of the thin-?lm 
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coil 102, respectively. The thin-?lm coil 102 is formed by 
frame plating. The thin-?lm coil 102 corresponds to the 
patterned thin ?lm of the ?rst embodiment. 

[0050] Reference is noW made to FIG. 2 to FIG. 9 to give 
a detailed description of the patterned thin ?lm and the 
method of forming the same of the embodiment. In the 
embodiment a frame having an undercut near the bottom 
thereof is utiliZed to form the patterned thin ?lm by frame 
plating. A ‘tWo-layer resist’ is utiliZed to form the above 
mentioned frame in the embodiment. The tWo-layer resist is 
a tWo-layer ?lm having a ?rst layer that is a loWer layer and 
a second later that is an upper layer, Wherein at least the 
second layer is made of a resist. The tWo-layer resist is 
disclosed in, for example, the US. Pat. No. 5,721,078, the 
US. Pat. No. 5,725,997, and the US. Pat. No. 5,747,198. 

[0051] According to the method of forming the patterned 
thin ?lm of the embodiment, as shoWn in FIG. 2, an 
electrode ?lm 2 is formed by sputtering, for example, on a 
substrate 1. The substrate 1 may be made of a semiconductor 
such as silicon (Si), or a ceramic such as aluminum oxide 
and titanium carbide (Al2O3-TiC), or a resin such as poly 
ethylene terephthalate. The electrode ?lm 2 is made of a 
conductive material such as a metal. The electrode ?lm 2 is 
preferably made of a material having a composition the 
same as that of a material of Which the patterned thin ?lm to 
be formed on the electrode ?lm 2 are made. The electrode 
?lm 2 may be made up of a single layer or a plurality of 
layers, and made of copper (Cu), for example. 

[0052] FIG. 3 illustrates the folloWing step. In the step a 
material that Will be dissolved in a developer is applied by 
spin-coating, for example, to the electrode ?lm 2 to be the 
base of the patterned thin ?lm. A?rst layer 3A to be used for 
making the frame is thereby formed. The ?rst layer 3A may 
be made of polymethylglutarimide, for example. Next, heat 
processing is performed on the ?rst layer 3A as required. 

[0053] Next, a resist is applied to the ?rst layer 3A by a 
method such as spin-coating, to form a second layer 4A to 
be used for making the frame, as shoWn in FIG. 4. Next, heat 
processing is performed on the second layer 4A as required. 
The tWo-layer resist is made up of the ?rst layer 3A and the 
second layer 4A. 

[0054] Next, as shoWn in FIG. 5, the second layer 4A is 
exposed through a mask 5 to form a latent image corre 
sponding to the pattern of the mask 5 on the second layer 4A. 
Next, heat processing is performed on the second layer 4A 
as required. 

[0055] FIG. 6 illustrates the folloWing step. In the step the 
second layer 4A is developed With a developer. At the same 
time portions of the second layer 4A and portions of the ?rst 
layer 3A are dissolved in the developer. A patterned ?rst 
frame layer 3B is thereby made up of the remaining ?rst 
layer 3A, and a patterned second frame layer 4B is thereby 
made up of the remaining second layer 4A. The ?rst frame 
layer 3B has a Width smaller than the Width of the second 
frame layer 4B. FIG. 6 shoWs an example in Which the resist 
used for making the second layer 4A is positive, and the 
portions of the second layer 4A exposed are thus removed 
after development. Next, the ?rst frame layer 3B and the 
second frame layer 4B are cleaned With Water and dried. 

[0056] In such a manner the ?rst layer 3A and the second 
layer 4A are patterned and the frame 6 that is made up of the 
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?rst frame layer 3B and the second frame layer 4B and has 
the undercut near the bottom thereof is formed. 

[0057] Next, pre-plating processing is performed as 
required, Which is followed by feeding a current to the 
electrode ?lm 2 to perform electroplating through the use of 
the frame 6. Apatterned thin ?lm 7 is thereby formed in the 
groove of the frame 6, as shoWn in FIG. 7. The patterned 
thin ?lm 7 is made of a conductive material such as a metal, 
and may be made of copper (Cu). 

[0058] Next, the layered structure of FIG. 7 is soaked in 
an organic solvent and shaken, for example, so as to dissolve 
and remove the ?rst frame layer 3B and the second frame 
layer 4B, as shoWn in FIG. 8. 

[0059] Finally, as shoWn in FIG. 9, portions of the elec 
trode ?lm 2 except the portion beloW the patterned thin ?lm 
7 are removed by Wet etching, or dry etching such as ion 
milling or reactive ion etching, using the patterned thin ?lm 
7 as a mask. 

[0060] The patterned thin ?lm 7 thus formed includes a 
plurality of linear portions 71 disposed side by side. In the 
patterned thin ?lm 7 each of the linear portions 71 has a 
portion (hereinafter called a second portion) 71b close to the 
electrode ?lm 2 that is the base layer of the patterned thin 
?lm 7. The second portion 71b has a Width W2 that is greater 
than a Width W1 of the remaining portion (hereinafter called 
a ?rst portion) 71a of each of the linear portions 71. 

[0061] FIG. 6 to FIG. 9 shoW an example in Which the 
Walls of the second frame 4B are orthogonal to the top 
surface of the substrate 1 and the sideWalls of the ?rst 
portion 71a of each of the linear portions 71 are thereby 
orthogonal to the top surface of the substrate 1. HoWever, the 
embodiment includes examples illustrated in FIG. 10 and 
FIG. 11. FIG. 10 and FIG. 11 both illustrate the state 
immediately after the patterned thin ?lm 7 is formed by 
plating through the use of the frame 6. In both of the 
examples shoWn in FIG. 10 and FIG. 11 the Walls of the 
second frame 4B and the sideWalls of the ?rst portion 71a 
are at an angle With respect to the direction orthogonal to the 
top surface of the substrate 1. In the example shoWn in FIG. 
10 the second frame 4B has tWo Walls opposed to each other, 
the groove of the frame 6 being disposed in betWeen. The 
space betWeen the tWo Walls decreases as the distance to the 
upper portions of the Walls decreases. As a result, the Width 
of the ?rst portion 71a decreases as the distance to the upper 
portion thereof decreases in the example shoWn in FIG. 10. 
The Width W2 of the second portion 71b is greater than the 
Width W1 of the ?rst portion 71a taken at the interface 
betWeen the ?rst portion 71a and the second portion 71b in 
the example shoWn in FIG. 10. In the example shoWn in 
FIG. 11 the second frame 4B has the tWo Walls opposed to 
each other, the groove of the frame 6 being disposed in 
betWeen. The space betWeen the tWo Walls increases as the 
distance to the upper portions of the Walls decreases. As a 
result, the Width of the ?rst portion 71a increases as the 
distance to the upper portion thereof decreases in the 
example shoWn in FIG. 11. The Width W2 of the second 
portion 71b is greater than the Width W1 of the ?rst portion 
71a taken at the interface betWeen the ?rst portion 71a and 
the second portion 71b in the example shoWn in FIG. 11. 

[0062] As thus described, the method of forming the 
patterned thin ?lm of the embodiment comprises the step of 
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forming the frame 6 having the undercut near the bottom 
thereof on the electrode ?lm 2 that is the base layer, and the 
plating step of forming the patterned thin ?lm 7 by plating 
through the use of the frame 6. The patterned thin ?lm 7 
includes a plurality of linear portions 71 disposed side by 
side. Each of the linear portions 71 has the ?rst portion 71a 
and the second portion 71b closer to the electrode ?lm 2. The 
Width W2 of the second portion 71b is greater than the Width 
W1 of the ?rst portion 71a. As a result, according to the 
embodiment, it is possible to make the resistance of each of 
the linear portions 71 loWer, compared to the case in Which 
each of the linear portions 71 of the patterned thin ?lm 7 has 
a uniform Width W1 throughout. 

[0063] According to the embodiment, it is dif?cult to make 
the space betWeen adjacent ones of the ?rst portions 71a 
smaller than the limit determined by the resolution of the 
resist used for the second layer 4A. HoWever, it is possible 
to make the space betWeen adjacent ones of the second 
portions 71b smaller than the limit determined by the 
resolution of the resist. Therefore, according to the embodi 
ment, it is possible to make the Width W2 of the second 
portion 71b greater than the Width W1 of the ?rst portion 
71a Without changing the pitch of the linear portions 71, and 
to thereby make the resistance of the linear portions 71 
loWer, compared to the case in Which each of the linear 
portions 71 has a uniform Width W1 throughout. 

[0064] The foregoing features of the embodiment achieve 
formation of the patterned thin ?lm 7 having the linear 
portions 71 that are small in Width and have a loW resistance, 
Without changing the pitch of the linear portions 71. It is 
thereby possible to prevent the linear portions 71 from 
generating heat. 

[0065] In the case in Which each of the linear portions 71 
has a uniform Width throughout, if the space betWeen 
adjacent ones of the linear portions 71 is reduced, it may be 
impossible to successfully remove the portion of the elec 
trode ?lm 2 located betWeen adjacent ones of the linear 
portions 71 by etching. In contrast, according to the embodi 
ment of the invention, the space betWeen adjacent ones of 
the ?rst portions 71a is greater than the space betWeen 
adjacent ones of the second portions 71b. Therefore, even if 
the space betWeen adjacent ones of the second portions 71b 
is small, it is possible to successfully remove the portion of 
the electrode ?lm 2 located betWeen adjacent ones of the 
linear portions 71 by etching. 

[0066] An example of the method of forming the patterned 
thin ?lm of the embodiment Will noW be described. In this 
example a silicon substrate having a diameter of 3 inches 
(76.2 mm) and a thickness of 0.4 mm Was utiliZed as the 
substrate 1. According to the method of the example, Cu Was 
sputtered on the substrate 1 under the conditions described 
beloW, using a sputter, to form the electrode ?lm 2 made of 
Cu and having a thickness of 100 nm. The sputter Was the 
DC sputter SPF-740H (the product name) manufactured by 
AN ELVA Corporation. The target of the sputter Was Cu. The 
output of the sputter Was 1000 W. To the chamber of the 
sputter an Ar gas Was supplied at a How rate of 50 sccm. The 
pressure of the Ar gas in the chamber Was 2.0 mTorr 
(approximately 0.266 Pa). 

[0067] Next, polymethylglutarimide Was applied to the 
electrode ?lm 2 by spin-coating to form the ?rst layer 3A. 
Polymethylglutarimide utiliZed Was the LOL-1000 (the 
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product name) manufactured by Shipley Company. The 
thickness of the ?rst layer 3A Was 100 nm. Next, heat 
processing Was performed on the ?rst layer 3A, using a hot 
plate, at a temperature of 180° C. for 600 seconds. The ?rst 
layer 3A Was then cooled to the room temperature. 

[0068] Next, a resist Was applied to the ?rst layer 3A by 
spin-coating to form the second layer 4A. The resist utiliZed 
Was the SIPR-9740 (the product name) manufactured by 
Shin-Etsu Chemical Co., Ltd. The thickness of the second 
layer 4A Was 3 pm. Next, heat processing Was performed on 
the second layer 4A, using the hot plate, at a temperature of 
100° C. for 180 seconds. 

[0069] Next, the second layer 4A Was exposed through the 
mask 5, using an exposure apparatus, under the folloWing 
conditions to form a latent image corresponding to the 
pattern of the mask 5 on the second layer 4A. The exposure 
apparatus utiliZed Was the NSR-i12TFH (the product name) 
manufactured by Nikon Corporation. The mask 5 had a 
pattern in Which a translucent section Was 10-turn Whorl 
shaped, a shade section had a Width of 1.0 pm, the translu 
cent section had a Width of 1.5 pm, and the pitch of the 
translucent section Was 2.5 pm. The dose Was 300 mJ/cm2. 

[0070] Next, an aqueous solution of 2.38% tetramethy 
lammonium hydroxide Was utiliZed as a developer to per 
form 50-second development on the second layer 4A tWice 
by the puddle method. As a result, portions of the second 
layer 4A and portions of the ?rst layer 3A Were dissolved in 
the developer. The ?rst frame layer 3B and the second frame 
layer 4B Were thereby formed. The ?rst frame layer 3B and 
the second frame layer 4B Were then cleaned With Water and 
dried. The frame 6 Was thus completed. 

[0071] Next, electroplating Was performed, using the 
frame 6, to form the patterned thin ?lm 7 of Cu in the groove 
of the frame 6. Acupric sulfate bath that is typically used for 
plating of Cu Was employed as a plating bath. The patterned 
thin ?lm 7 had a thickness of 2.8 pm. 

[0072] Next, the layered structure including the patterned 
thin ?lm 7 Was soaked in acetone and shaken to dissolve and 
remove the frame 6. 

[0073] Next, the electrode ?lm 2 Was selectively etched 
under the folloWing conditions, using an ion-milling appa 
ratus, to remove portions of the electrode ?lm 2 except the 
portion beloW the patterned thin ?lm 7. The ion-milling 
apparatus utiliZed Was the 8C (the product name) manufac 
tured by CommonWealth Scienti?c Corporation. The output 
of the apparatus Was 500 W and 500 mA. The pressure in the 
etching chamber Was 3 mTorr (approximately 0.399 Pa). The 
angle at Which ions Were applied Was 0 degree (the direction 
of ion application orthogonal to the substrate). 

[0074] As thus described, a 10-turn thin-?lm coil that Was 
made up of the patterned thin ?lm 7 and that had a pitch of 
2.5 pm and a thickness of 2.8 pm Was obtained. In each of 
the linear portions 71 of the patterned thin ?lm 7 the Width 
W1 of the ?rst portion 71a Was 1.7 pm and the Width W2 of 
the second portion 71b Was 2.1 pm. The second portion 71b 
had tWo portions extending more outWard than the sideWalls 
of the ?rst portion 71a. The cross section of each of these 
tWo portions Was a rectangle having a Width of 0.2 pm and 
a height of 0.1 pm. 
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[0075] [Second Embodiment] 
[0076] Reference is noW made to FIG. 12 to FIG. 20 to 
describe a method of forming a patterned thin ?lm of a 
second embodiment of the invention. In the second embodi 
ment a frame having an undercut near the bottom thereof is 
formed through the use of a microgroove. A method of 
forming a resist layer having an undercut near the bottom 
thereof is disclosed in the Us. Pat. No. 5,773,200. 

[0077] The method of the second embodiment includes the 
steps up to the step of forming the electrode ?lm 2 illustrated 
in FIG. 2 that are the same as those of the ?rst embodiment. 
In the folloWing step of the second embodiment a resist is 
applied to the electrode ?lm 2 by a method such as spin 
coating to form a resist layer 14A. The resist utiliZed is 
positive and one that easily forms a microgroove, in par 
ticular. To be speci?c, the types of resists disclosed in the 
US. Pat. No. 5,773,200 may be utiliZed as such a resist. 
Next, heat processing is performed on the resist layer 14A as 
required. 

[0078] Next, as shoWn in FIG. 13, the resist layer 14A is 
exposed through the mask 5 to form a latent image corre 
sponding to the pattern of the mask 5 on the resist layer 14A. 
Next, heat processing is performed on the resist layer 14A as 
required. 

[0079] Next, the resist layer 14A is developed With a 
developer. A frame 14B is thereby made up of the remaining 
resist layer 14A, as shoWn in FIG. 14. The frame 14B is then 
cleaned With Water and dried. 

[0080] A microgroove is formed near the bottom of the 
frame 14B. In such a manner the frame 14B having an 
undercut near the bottom thereof is formed. 

[0081] Next, pre-plating processing is performed as 
required, Which is folloWed by feeding a current to the 
electrode ?lm 2 to perform electroplating through the use of 
the frame 14B. Apatterned thin ?lm 17 is thereby formed in 
the groove of the frame 14B, as shoWn in FIG. 15. The 
patterned thin ?lm 17 is made of a conductive material such 
as a metal, and may be made of copper 

[0082] Next, the layered structure of FIG. 15 is soaked in 
an organic solvent and shaken, for example, so as to dissolve 
and remove the frame 14B, as shoWn in FIG. 16. 

[0083] Finally, as shoWn in FIG. 17, portions of the 
electrode ?lm 2 except the portion beloW the patterned thin 
?lm 17 are removed by Wet etching, or dry etching such as 
ion milling or reactive ion etching, using the patterned thin 
?lm 17 as a mask. 

[0084] The patterned thin ?lm 17 thus formed includes a 
plurality of linear portions 72 disposed side by side. In the 
patterned thin ?lm 17 each of the linear portions 72 has a 
second portion 72b close to the electrode ?lm 2 that is the 
base layer of the patterned thin ?lm 17. The second portion 
72b has the maximum Width that is greater than the Width of 
the remaining portion, that is, a ?rst portion 72a of each of 
the linear portions 72. 

[0085] FIG. 18 to FIG. 20 shoW examples of the shapes 
of the linear portions 72. In any of these examples the Width 
of each of the second portions 72b is the greatest at the 
bottom of each of the linear portions 72, and decreases as the 
distance to each of the ?rst portions 72a decreases. In the 
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example shown in FIG. 18 each sidewall of the second 
portion 72b is an inclined plane that is at an angle With 
respect to the direction orthogonal to the top surface of the 
substrate 1. In the example shoWn in FIG. 19 each sideWall 
of the second portion 72b is a recessed surface that is at an 
angle With respect to the direction orthogonal to the top 
surface of the substrate 1. In the example shoWn in FIG. 20 
each sideWall of the second portion 72b is a protruding 
surface that is at an angle With respect to the direction 
orthogonal to the top surface of the substrate 1. 

[0086] An example of the method of forming the patterned 
thin ?lm of the second embodiment Will noW be described. 
In this example the steps up to the step of forming the 
electrode ?lm 2 are the same as that of the ?rst embodiment. 

[0087] In the folloWing step of the example of the second 
embodiment a resist Was applied to the electrode ?lm 2 by 
spin-coating to form the resist layer 14A. The resist utiliZed 
Was the SIPR-9691 (the product name) manufactured by 
Shin-Etsu Chemical Co., Ltd. The thickness of the resist 
layer 14A Was 3 pm. Next, heat processing Was performed 
on the resist layer 14A, using a hot plate, at a temperature of 
100° C. for 180 seconds. 

[0088] Next, the resist layer 14A Was exposed through the 
mask 5, using an exposure apparatus, under the folloWing 
conditions to form a latent image corresponding to the 
pattern of the mask 5 on the resist layer 14A. The exposure 
apparatus utiliZed Was the NSR-i12TFH (the product name) 
manufactured by Nikon Corporation. The mask 5 had a 
pattern the same as that of the example of the ?rst embodi 
ment. The dose Was 400 mJ/cm2. 

[0089] Next, an aqueous solution of 2.38% tetramethy 
lammonium hydroxide Was utiliZed as a developer to per 
form 50-second development on the resist layer 14A tWice 
by the puddle method. The resist layer 14A Was then cleaned 
With Water and dried. The frame 14B Was thus completed. 

[0090] Next, electroplating Was performed, using the 
frame 14B, to form the patterned thin ?lm 17 of Cu in the 
groove of the frame 14B. A cupric sulfate bath that is 
typically used for plating of Cu Was employed as a plating 
bath. The patterned thin ?lm 17 had a thickness of 2.8 pm. 

[0091] Next, the layered structure including the patterned 
thin ?lm 17 Was soaked in acetone and shaken to dissolve 
and remove the frame 14B. 

[0092] Next, the electrode ?lm 2 Was selectively etched 
under the conditions the same as those of the example of the 
?rst embodiment, using an ion-milling apparatus, to remove 
portions of the electrode ?lm 2 except the portion beloW the 
patterned thin ?lm 17. 

[0093] As thus described, a 10-turn thin-?lm coil that Was 
made up of the patterned thin ?lm 17 and that had a pitch of 
2.5 pm and a thickness of 2.8 pm Was obtained. In each of 
the linear portions 72 of the patterned thin ?lm 17 the Width 
of the ?rst portion 72a Was 1.7 pm and the maximum Width 
of the second portion 72b Was 1.9 pm. The second portion 
72b had tWo portions extending more outWard than the 
sideWalls of the ?rst portion 72a. The cross section of each 
of these tWo portions Was a Wedge-like shape having the 
maximum Width of 0.1 pm and the maximum height of 0.1 
pm. 

Feb. 5, 2004 

[0094] The remainder of con?guration, functions and 
effects of the second embodiment are similar to those of the 
?rst embodiment. 

[0095] [Third Embodiment] 
[0096] Reference is noW made to FIG. 21 to FIG. 28 to 
describe a method of forming a patterned thin ?lm of a third 
embodiment of the invention. In the third embodiment a 
frame having an undercut near the bottom thereof is formed 
through the use of a resist having an image inverting 
capability. A method of forming a resist layer having an 
undercut near the bottom thereof through the use of a resist 
having an image inverting capability is disclosed in the US. 
Pat. No. 5,721,078, the Us. Pat. No. 5,725,997 and the US. 
Pat. No. 5,747,198. 

[0097] The method of the third embodiment includes the 
steps up to the step of forming the electrode ?lm 2 illustrated 
in FIG. 2 that are the same as those of the ?rst embodiment. 
In the folloWing step of the third embodiment a resist having 
an image inverting capability is applied to the electrode ?lm 
2 by spin-coating, for example, to form a resist layer 24A, 
as shoWn in FIG. 21. The resist having the image inverting 
capability is such a positive resist that a portion thereof 
becoming soluble in a developer by exposure then turns 
insoluble in the developer When heated. To be speci?c, the 
types of resists disclosed in the US. Pat. No. 5,721,078, the 
US. Pat. No. 5,725,997 and the Us. Pat. No. 5,747,198 may 
be utiliZed as such a resist. Next, heat processing is per 
formed on the resist layer 24A as required. 

[0098] Next, as shoWn in FIG. 22, the resist layer 24A is 
exposed through a mask 25 to form a latent image corre 
sponding to the pattern of the mask 25 on the resist layer 
24A. Next, heat processing is performed on the resist layer 
24A as required. The mask 25 has such a pattern that the 
portions of the resist layer 24A to be left after development 
are exposed. In FIG. 22 numerals 24B indicate the portions 
of the resist layer 24A exposed. 

[0099] Next, as shoWn in FIG. 23, the resist layer 24A is 
heated so that the portions 24B of the resist layer 24A turn 
insoluble in a developer. 

[0100] Next, as shoWn in FIG. 24, the entire surface of the 
resist layer 24A is exposed so that portions of the resist layer 
24A except the portions 24B exposed by the ?rst exposure 
turn soluble in the developer. 

[0101] Next, the resist layer 24A is developed With the 
developer. The frame 24C is thereby made up of the remain 
ing resist layer 24A, as shoWn in FIG. 25. The frame 24C 
is then cleaned With Water and dried. 

[0102] The frame 24C having an undercut near the bottom 
thereof is formed by using the resist having the image 
inverting capability, and by adjusting the conditions for 
exposure, post-exposure heat processing and development. 

[0103] Next, pre-plating processing is performed as 
required, Which is folloWed by feeding a current to the 
electrode ?lm 2 to perform electroplating through the use of 
the frame 24C. Apatterned thin ?lm 27 is thereby formed in 
the groove of the frame 24C, as shoWn in FIG. 26. The 
patterned thin ?lm 27 is made of a conductive material such 
as a metal, and may be made of copper 

[0104] Next, the layered structure of FIG. 26 is soaked in 
an organic solvent and shaken, for example, so as to dissolve 
and remove the frame 24C, as shoWn in FIG. 27. 



US 2004/0023057 A1 

[0105] Finally, as shown in FIG. 28, portions of the 
electrode ?lm 2 except the portion below the patterned thin 
?lm 27 are removed by Wet etching, or dry etching such as 
ion milling or reactive ion etching, using the patterned thin 
?lm 27 as a mask. 

[0106] The patterned thin ?lm 27 thus formed includes a 
plurality of linear portions 73 disposed side by side. In the 
patterned thin ?lm 27 each of the linear portions 73 has a 
second portion 73b close to the electrode ?lm 2 that is the 
base layer of the patterned thin ?lm 27. The second portion 
73b has the maximum Width that is greater than the Width of 
the remaining portion, that is, a ?rst portion 73a of each of 
the linear portions 73. 

[0107] The shapes of the linear portions 73 are the same as 
those of the linear portions 72 of the second embodiment. 

[0108] An example of the method of forming the patterned 
thin ?lm of the third embodiment Will noW be described. In 
this example the steps up to the step of forming the electrode 
?lm 2 are the same as that of the ?rst embodiment. 

[0109] In the folloWing step of the example of the third 
embodiment a resist Was applied to the electrode ?lm 2 by 
spin-coating to form the resist layer 24A. The resist utiliZed 
Was the AZ5214E (the product name) manufactured by 
Clariant Corporation. The thickness of the resist layer 24A 
Was 3 pm. Next, heat processing Was performed on the resist 
layer 24A, using a hot plate, at a temperature of 100° C. for 
180 seconds. 

[0110] Next, the resist layer 24A Was exposed through the 
mask 25, using an exposure apparatus, under the folloWing 
conditions to form a latent image corresponding to the 
pattern of the mask 25 on the resist layer 24A. The exposure 
apparatus utiliZed Was the NSR-i12TFH (the product name) 
manufactured by Nikon Corporation. The mask 25 had a 
pattern in Which a shade section Was 10-turn Whorl-shaped 
and had a Width of 1.5 pm, and a translucent section had a 
Width of 1.0 pm, and the pitch of the shade section Was 2.5 
pm. The dose Was 50 mJ/cm2. 

[0111] Next, heat processing Was performed on the resist 
layer 24A, using the hot plate, at a temperature of 100° C. 
for 180 seconds, so that the portion 24B of the resist layer 
24A exposed turns insoluble in a developer. 

[0112] Next, the entire surface of the resist layer 24A Was 
exposed, using an exposure apparatus, so that portions of the 
resist layer 24A except the portions 24B exposed by the ?rst 
exposure turn soluble in the developer. The exposure appa 
ratus utiliZed Was the NSR-i12TFH (the product name) 
manufactured by Nikon Corporation. The dose Was 100 
mJ/cm2. 

[0113] Next, an aqueous solution of 2.38% tetramethy 
lammonium hydroxide Was utiliZed as a developer to per 
form 50-second development on the resist layer 24A four 
times by the puddle method. The resist layer 24A Was then 
cleaned With Water and dried. The frame 24C Was thus 
completed. 

[0114] Next, electroplating Was performed, using the 
frame 24C, to form the patterned thin ?lm 27 of Cu in the 
groove of the frame 24C. A cupric sulfate bath that is 
typically used for plating of Cu Was employed as a plating 
bath. The patterned thin ?lm 27 had a thickness of 2.8 pm. 
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[0115] Next, the layered structure including the patterned 
thin ?lm 27 Was soaked in acetone and shaken to dissolve 
and remove the frame 24C. 

[0116] Next, the electrode ?lm 2 Was selectively etched 
under the conditions the same as those of the example of the 
?rst embodiment, using an ion-milling apparatus, to remove 
portions of the electrode ?lm 2 except the portion beloW the 
patterned thin ?lm 27. 

[0117] As thus described, a 10-turn thin-?lm coil that Was 
made up of the patterned thin ?lm 27 and that had a pitch of 
2.5 pm and a thickness of 2.8 pm Was obtained. In each of 
the linear portions 73 of the patterned thin ?lm 27 the Width 
of the ?rst portion 73a Was 1.7 pm and the maximum Width 
of the second portion 73b Was 2.0 pm. The second portion 
73b had tWo portions extending more outWard than the 
sideWalls of the ?rst portion 73a. The cross section of each 
of these tWo portions had a Wedge-like shape having the 
maximum Width of 0.15 pm and the maximum height of 0.2 
pm. 

[0118] The remainder of con?guration, functions and 
effects of the third embodiment are similar to those of the 
?rst embodiment. 

[0119] The present invention is not limited to the forego 
ing embodiments but may be practiced in still other Ways. 
For example, the invention is applicable to not only the 
thin-?lm inductor illustrated in the ?rst embodiment but to 
formation of patterned thin ?lms of other microdevices such 
as a thin-?lm magnetic head, a semiconductor device, a 
sensor incorporating thin ?lms, and an actuator incorporat 
ing thin ?lms. The patterned thin ?lm is not limited to a coil 
but may be Wiring and so on. 

[0120] According to the method of forming the patterned 
thin ?lm of the invention as thus described, the patterned 
thin ?lm is formed by plating through the use of the frame 
having the undercut near the bottom thereof. As a result, 
according to the invention, it is possible to form the pat 
terned thin ?lm including the linear portions that are small 
in Width and have a loW resistance, employing frame plating. 

[0121] The patterned thin ?lm of the invention is disposed 
on the base layer and includes the linear portions. Each of 
the linear portions has a portion close to the base layer. This 
portion has a Width greater than the Width of the remaining 
portion of each of the linear portions. The invention thereby 
achieves the patterned thin ?lm including the linear portions 
that are small in Width and have a loW resistance. 

[0122] Obviously many modi?cations and variations of 
the present invention are possible in the light of the above 
teachings. It is therefore to be understood that Within the 
scope of the appended claims the invention may be practiced 
otherWise than as speci?cally described. 

What is claimed is: 
1. A method of forming a patterned thin ?lm including a 

linear portion by frame plating, the method comprising: 

the step of forming a frame having an undercut near a 
bottom thereof on a base layer; and 

the plating step of forming the patterned thin ?lm by 
plating through the use of the frame such that the linear 
portion has a portion close to the base layer, the portion 
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having a Width greater than a Width of the remaining 
portion of the linear portion. 

2. The method according to claim 1, Wherein the patterned 
thin ?lm is formed to include a plurality of linear portions 
disposed side by side. 

3. A patterned thin ?lm disposed on a base layer and 
including a linear portion, Wherein the linear portion has a 
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portion close to the base layer, the portion having a Width 
greater than a Width of the remaining portion of the linear 
portion. 

4. The patterned thin ?lm according to claim 3, including 
a plurality of linear portions disposed side by side. 

* * * * * 


