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(57) ABSTRACT 

After coating a resist for silylation on the semiconductor 
substrate, the resist is exposed With a pattern. Then the 
silylation process is performed to form a silylated layer and 
the silylated layer is hardened With performing an electron 
beam processing or a ultra-violet ray processing. After that, 
an etching is performed With using the hardened silylated 
layer as a mask and the Wiring step is taken Without 
removing the hardened silylated layer as a stopper for 
chemical mechanical polishing. With this embodiment, the 
patterning steps of an insulation ?lm can be simpli?ed. 
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FILM FORMING METHOD AND FILM FORMING 
APPARATUS 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a ?lm forming 
method to simplify steps in forming a pattern on a semi 
conductor device. More speci?cally, the present invention 
relates to a ?lm forming method using a silylation process 
and a ?lm forming apparatus. 

[0003] 2. Description of the Related Art 

[0004] In a manufacturing step in a process of a semicon 
ductor device an inter-layer insulation ?lm is formed on a 
Wafer. In particular, for example, a material of ?uoropoly 
mer type and a siloxane type are used as an insulation ?lm 
material in order to realiZe loW dielectric constant. 

[0005] For example, the inter-layer insulation ?lm is 
formed With SOD (Spin on Dielectics, coating method) 
system. In the SOD (Spin on Dielectric) system, a ?lm is 
spin-coated on a Wafer and an insulation ?lm is formed With 
performing processes like chemical process or heating pro 
cess on the Wafer. A hard mask made of silicon dioxide 
(SiO2) is formed on the coating ?lm and resist is coated 
thereon, folloWed by pattern draWing on the coated resist 
and the pattern draWing is performed further on the insula 
tion ?lm using the patterned resist as a mask. 

[0006] Then, after forming a barrier metal layer, copper 
(Cu) conductor is embedded and a surface thereof is pla 
nariZed With performing a Chemical Mechanical Polishing 
(CMP) using the barrier metal layer as a stopper. 

[0007] Incidentally, in recent years, a semi-conductor 
device has become more precise and higher resolution is 
required When draWing a pattern on a Wafer. For this reason, 
there is an increasing demand for higher quality in the 
lithography technology used in the Wafer processing and a 
resist material. 

[0008] A multi-layer resist process is used as a technology 
to cope With such situation. The multi-layer resist process is 
draWing patterns on an inter-layer insulation ?lm and a 
hard-mask With coating a plurality of layers of the resist, and 
draWing patterns on the layers of the resist one by one from 
the top. Although the aforementioned method has an advan 
tage that a minute pattern can be formed precisely for it is 
possible to reduce the thickness of a resist layer in an upper 
layer, there is a problem that a special resist material is 
required. 

[0009] To solve such problem, a silylation processing is 
used. This method selectively introduces silicon atoms 
solely onto a desired part of the resist With silylation process 
after exposure so that oxygen plasma etching resistance is 
provided. After the process the micro-pattern is formed. 
Additionally, this method alloWs commercially available 
resists, having outstanding performances in both sensitivity 
and resolution, to be used as they are. The method can also 
be generally applied to various forms of exposure such as 
using electron beam and X-rays as Well as light exposure. 

[0010] A ?lm forming method using a common silylation 
processing Will be explained beloW With reference to draW 
ings. 
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[0011] FIG. 11 is a schematic vieW shoWing a conven 
tional silylation processing, and FIG. 12 is a How chart 
explaining processing steps as illustrated in FIG. 11. 

[0012] After an inter-layer insulation ?lm 301 is spin 
coated on the Wafer W With a coating apparatus as illustrated 
in FIG. 11A (Step 1), oxidation silicon is coated as a hard 
mask 302 on the insulation ?lm as illustrated in FIG. 11B. 
Next, a resist 303 is coated on the hard mask as illustrated 
in FIG. 11C (Step 2), then an upper layer resist 304 as a 
silylated resist is coated thereon thinly compared With the 
resist 303 as illustrated in FIG. 11D (step 3). After that, the 
Wafer undergoes a pre-baking process (step 4), and the upper 
layer resist 304 is exposed With an aligner as illustrated in 
FIG. 11E (Step 5). Then the Wafer undergoes a post-baking 
process (Step 6), folloWed by a silylation process of expos 
ing to an organic gas containing, for example, an organic 
silane such as a halogenation alkyl silane having Si atoms 
and the like, for a predetermined time period as illustrated in 
FIG. 11F (Step 7) and un-exposed portion becomes a 
silylated layer by silylation reaction. Thereafter, the resist is 
hardened in an UV apparatus (Step 8). Then, the upper layer 
resist 304 is etched except for the silylated layer and a 
micro-pattern is formed as illustrated in FIG. 11G (Step 9). 
After the upper layer resist 304 and the loWer layer resist 303 
are removed simultaneously as illustrated in FIG. 11H (Step 
10), a barrier metal is coated thereon and a barrier metal 
layer is formed as illustrated in FIG. 11I (Step 11). Then Cu 
is embedded With plating the substrate With Cu as illustrated 
in FIG. 11J (Step 12), and the surface is planariZed With 
Chemical Mechanical Polishing (CMP) as illustrated in 
FIG. 11K (Step 13). 

[0013] HoWever, in this process, the resist ?lm for silyla 
tion has to be coated on the layer of the resist and has to be 
removed again, causing increase in the number of steps, 
leading to a complication. In addition, a hard-mask is 
required to be coated on the inter-layer insulation ?lm that 
also is a cause of the steps becoming complicated. 

SUMMARY OF THE INVENTION 

[0014] The present invention is made from the above 
described point of vieW and the object thereof is to provide 
a ?lm forming method enabling a resist to be used as a hard 
mask With performing a silylation process thereon. Further, 
an object of the present invention is to provide a ?lm 
forming method that improves throughput With enabling the 
resist ?lm for silylation to be used as a CMP stopper instead 
of removing thereof, With using an assisting technology such 
as an electron beam and the like and hardening not only the 
surface of the resist but also the inside thereof and simpli 
fying the manufacturing steps. 

[0015] To attain the aforesaid objects, the present inven 
tion has the steps of (a) coating a resist ?lm for silylation on 
a surface of an insulation ?lm of a semiconductor substrate, 
(b) exposing a pattern on the resist ?lm for silylation, (c) 
performing a silylation process With causing the resist ?lm 
for silylation chemically react With a compound including 
silicon and forming a silylated layer, (d) etching the insu 
lation ?lm using the silylated layer as a mask, and (e) 
forming a metal ?lm on the silylated layer Without removing 
the silylated layer used as the mask. 

[0016] According to the aforesaid structure, since the 
resist for silylation is applied directly onto the insulation 
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?lm and being used as a hard mask, patterning the insulation 
?lm With a single layer of the resist ?lm for silylation 
becomes possible. Moreover, the silylated resist can also be 
used as a CMP stopper Without being removed. The manu 
facturing steps can be simpli?ed With this method. 

[0017] Also, in the present invention, the mask is formed 
With dry etching the silylated layer in the step The step 
is again simpli?ed since it is not required to form a hardmask 
beforehand. 

[0018] Additionally, in the present invention, a step of 
hardening the silylated layer With performing an electron 
beam processing or an ultraviolet ray processing may be 
provided before the step (d), or a step of hardening the 
silylated layer With performing electron beam processing or 

ultraviolet ray processing may be provided after the step The silylated layer is able to be used as a CMP stopper 

thereafter since the inside as Well as the surface of the 
silylated layer can be hardened. 

[0019] Further, the present invention has a step of pla 
nariZing the ?lm surface With performing a chemical 
mechanical polishing using the silylated layer as a stopper 
after the step (e). The step is further simpli?ed since the 
silylated layer can be used as a CMP stopper Without 
removing thereof. 
[0020] The present invention has a ?lm forming apparatus 
disposed adjacent to an aligner selectively exposing a resist 
?lm for silylation, an etching apparatus etching an insulation 
?lm using a silylated layer as a mask and a metal ?lm 
forming apparatus forming a metal ?lm on the silylated layer 
being used as the mask Without removing thereof, compris 
ing a resist ?lm for silylation forming portion forming a 
resist ?lm for silylation on a surface of an insulation ?lm 
formed on a surface of a substrate, a silylated layer forming 
portion performing a silylation process for forming a sily 
lated layer With causing the resist ?lm for silylation chemi 
cally react With a compound including silicon, and a transfer 
mechanism transferring the substrate among the resist ?lm 
for silylation forming portion, silylated layer forming por 
tion, the aligner, the etching apparatus and the metal ?lm 
forming apparatus. 
[0021] In the present invention, for example, patterning 
the insulation ?lm can be performed With a single-layer of 
the resist ?lm for silylation since the resist ?lm for silylation 
is used as a hard mask With having the resist for silylation 
applied directly onto the insulation ?lm and silylating the 
resist ?lm for silylation in the silylated layer forming 
portion. Furthermore, the silylated resist is, for example, can 
be used for a CMP stopper Without removing thereof. 
Therefore, a process of removing resist can be omitted and 
throughput can be improved. 

[0022] Additionally, in the present invention, the step is 
simpli?ed and throughput can be improved since it is not 
required to form the hard mask beforehand for the etching 
portion forms the mask With dry etching the silylated layer. 
[0023] These objects and still other objects and advantages 
of the present invention Will become apparent upon reading 
the folloWing speci?cation When taken in conjunction With 
the accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0024] FIG. 1 is a plan vieW shoWing the Whole structure 
of a SOD system in Which a substrate processing apparatus 
of the present invention is being utiliZed; 
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[0025] FIG. 2 is a front vieW of the SOD system illus 
trated in FIG. 1; 

[0026] FIG. 3 is a rear vieW of the SOD system illustrated 
in FIG. 1; 

[0027] FIG. 4 is a plan vieW shoWing a silylation pro 
cessing apparatus (SIL) according to the present invention. 

[0028] FIG. 5 is a cross sectional vieW of the silylation 
processing apparatus (SIL) shoWn in FIG. 4; 

[0029] FIG. 6 is a schematic vieW shoWing silylation 
processing steps and Wiring steps of the present invention; 

[0030] FIG. 7 is a How chart explaining processing steps 
as shoWn in FIG. 6; 

[0031] FIG. 8 is a plan vieW shoWing the Whole structure 
of a SOD system in Which a substrate processing apparatus 
according to a second embodiment of the present invention 
is being utiliZed; 

[0032] FIG. 9 is a front vieW of the SOD system as shoWn 
in FIG. 8; 

[0033] FIG. 10 is a rear vieW of the SOD system as shoWn 
in FIG. 8; 

[0034] FIG. 11 is a schematic vieW shoWing a silylation 
processing step and a Wiring step of a prior art; 

[0035] FIG. 12 is a How chart explaining processing steps 
as illustrated in FIG. 11; 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

[0036] Preferred embodiments of the present invention 
Will be explained beloW With reference to the draWings. 

[0037] (A ?rst embodiment) 
[0038] First, a structure of an apparatus in Which steps 
according to the present invention is performed Will be 
explained. 

[0039] FIG. 1 to FIG. 3 are draWings shoWing the entire 
structure of a SOD system and a silylation processing 
apparatus according to an embodiment of the present inven 
tion. FIG. 1 is a plan vieW, FIG. 2 is a front vieW, and FIG. 
3 is a rear vieW. 

[0040] A SOD and silylation processing system apparatus 
1 has a structure that a cassette block 10 provided for 
transferring a plurality of, for example, 25 Wafers W (here 
inafter referred to as a Wafer) as substrates to be processed 
per Wafer cassette CR, as a unit, from/to the outside into/ 
from the apparatus and carrying the Wafer W into/out of the 
Wafer cassette CR, a processing block 11 in Which various 
kinds of processing units each performing a predetermined 
process for the Wafer W one by one in the step of SOD 
coating process disposed in multi-stages at a predetermined 
position, and a second processing block 12 similarly various 
kinds of processing units each performing a predetermined 
process for the Wafer W one by one and performing a heating 
process at higher temperature than the temperature of a 
heating-type processing unit in the ?rst processing block 
disposed in multi-stages at a predetermined position are 
integrally connected. Moreover, an exposing process unit 13 
is disposed adjacent to a second processing block 12. 
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[0041] In the cassette block 10, as illustrated in FIG. 1, a 
plurality of, for example, up to four Wafer cassettes CR are 
mounted in a line in an X-direction at a position of a 
projection 20a on a cassette mounting table 20 With respec 
tive Wafer transfer ports facing the ?rst processing block 11 
side. A Wafer transfer mechanism 21 movable in the direc 
tion of arrangement of cassettes (the Z vertical direction) 
selectively gets access to each of the Wafer cassettes CR. 
Furthermore, this Wafer transfer mechanism 21 is also 
structured to be able to rotate in a G-direction so as to get 
access to a transfer and cooling plate (TCP) included in a 
fourth multi-staged unit portion in section G4 at the ?rst 
processing block 11 side that Will be described later. 

[0042] In the ?rst processing block 11, as illustrated in 
FIG. 1, a ?rst main transfer mechanism 22 of vertical 
transfer type is provided in the middle, and all of the 
processing units are disposed in multi-stages around the ?rst 
main transfer mechanism 22 in a form of a single group or 
a plurality of groups. In this group, ?ve groups G1, G2, G3, 
G4, and G5 are multi-staged in structure and multi-staged 
units of G1 and G2 in the ?rst and the second group are 
disposed in the front of the system (front side in FIG. 1) in 
line, a multi-staged unit of G3 in the third group is disposed 
adjacent to the cassette block 10, and a multi-staged unit of 
G4 in the fourth group is disposed adjacent to the second 
processing block 12. 

[0043] As illustrated in FIG. 2, in the ?rst group G1, a 
SOD coating process unit (SCT) coating an insulation ?lm 
on the Wafer evenly With supplying an insulation ?lm 
forming material on the Wafer placed on a spin chuck in a 
cup CP and having the Wafer rotate, and a solvent eXchange 
process unit (DSE) exchanging solvent on the insulation ?lm 
coated on the Wafer With other solvents before proceeding 
onto drying step by supplying solvent for eXchange are 
disposed vertically in tWo stages from the bottom in order. 

[0044] Also, in the second group G2, the SOD coating 
process unit (SCT) coating an insulation ?lm on the Wafer 
evenly With supplying an insulation ?lm forming material on 
the Wafer placed on a spin chuck in a cup CP and having the 
Wafer rotate, and a resist for silylation coating unit (RCT) 
coating a resist for silylation on the insulation ?lm With 
supplying the resist for silylation thereon While placing the 
Wafer W after the insulation ?lm is being formed on the spin 
chuck in a cup CP are disposed vertically in tWo stages from 
the bottom in order. 

[0045] As illustrated in FIG. 3, in the third group G3, a 
transfer and cooling plate (TCP), tWo cooling process units 
(CPL), a transition unit (TRS), an aging process unit (DAC), 
and tWo loW temperature heating process units (LHP) are 
multi-staged in order from the bottom. 

[0046] In the fourth group G4, the transfer and cooling 
plate (TCP), three cooling process units (CPL), a transition 
unit (TRS), an aging process unit (DAC), and a loW tem 
perature heating process units (LHP) are disposed in multi 
stages. 

[0047] The transfer and cooling plate (TCP) is structured 
to be in tWo stages, having a cooling plate for cooling the 
Wafer W as the loWer stage and a transfer table as the upper 
stage, transferring the Wafer W from the cassette block 10 to 
the ?rst processing block 11 or from the ?rst processing 
block 11 to the cassette block 10. Similarly, the transition 
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unit (TRS) also transfers the Wafer W from the cassette 
block 10 to the ?rst processing block 11 or vice versa. The 
aging process unit (DAC) introduces NH3+H2O into a 
processing chamber that can be hermetically sealed, per 
forming an aging process on the Wafer W for Wet-gelling the 
insulation ?lm forming material on the Wafer W. The cooling 
process unit (CPL) has the cooling plate for mounting the 
Wafer W, performing the cooling process on the Wafer W. 

[0048] Also, in this SOD system 1, as described above, the 
multi-staged processing unit group G5 illustrated in broken 
lines can be disposed in the rear side of the ?rst main transfer 
mechanism. Incidentally, the multi-staged unit of G5 in the 
?fth processing unit can be slid along a guiding rail 25 to the 
side vieWing from the ?rst main transfer mechanism 22. 
When the multi-staged unit of G5 in the ?fth processing unit 
is provided as illustrated in the draWings, the structure 
thereof is not limited to the sliding shift along the guiding 
rail 25. The unit may also be structured to be able to rotate 
and shift to the outside of the system as illustrated With a 
reciprocating arroW in a dashed line indicating rotation as 
shoWn in FIG. 1, so that a space for maintenance Work for 
the ?rst main transfer mechanism can be secured easily. 

[0049] In the second processing block 12, as described 
above, a siXth group G6 including a unit performing a 
heating process on the Wafer W With high temperature is 
disposed at the front of the system. Similarly, a seventh 
group G7 including a unit performing a heating process on 
the Wafer W With high temperature is disposed at the back 
of the system. A second main transfer mechanism 23, gets 
access to the fourth group G4, the siXth group G6, and the 
seventh group G7 transferring the Wafer W, is disposed 
betWeen the siXth group G6 and the seventh group G7. This 
second main transfer mechanism 23 has the same structure 
of vertical transfer type as in the ?rst main transfer mecha 
nism 22. 

[0050] Incidentally, the SOD system 1 is, for eXample, 
disposed inside a clean room and the atmosphere above the 
?rst main transfer mechanism 22 is, for eXample, set to be 
With higher pressure than a clean room Which is set to be the 
same as the atmospheric pressure, hereby discharging par 
ticles generated above the ?rst main transfer mechanism 22 
to the outside of the SOD system 1 While preventing entering 
of the particles in the clean room into the inside of the SOD 
system 1. 

[0051] As illustrated in FIG. 2, in the siXth group G6, tWo 
stages of silylation processing unit (SIL) as a processing unit 
according to the present invention, one stage of a microWave 
processing unit (MW) and one stage of an electron beam 
processing unit (EB) for heating and reforming a ?lm With 
radiating microWave and electron beam are provided from 
the bottom in order. On the other hand, in the seventh group 
G7, three stages of multi functional hot plate cure apparatus 
and one stage of ultra violet ray processing unit for heating 
and reforming a ?lm by radiating ultra violet ray are 
provided from the bottom in order. 

[0052] FIG. 4 and FIG. 5 are a perspective vieW and a 
sectional vieW of the silylation processing unit (SIL). 

[0053] The silylation processing unit (SIL) has a silylation 
processing chamber 151. The silylation processing chamber 
151 is structured to be able to be sealed hermetically. 

[0054] A heating plate 156 performing a heating process 
on the Wafer W is disposed near the center of the silylation 
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processing chamber 151. A heater (not illustrated), for 
example, is embedded inside the heating plate 156 and the 
temperature can be set, for example, in a range of 20° C. to 
100° C. In addition, a plurality of, for example three, holes 
157 are penetrating through the heating plate 156 on a 
concentric circle, and a plurality of holding pins 156a for 
holding the Wafer W are inserted to the holes 157 in a 
manner of being able to raise and loWer. These support pins 
158a are integrally connected to a connecting portion 159, 
and being raised and loWered With a lifting cylinder 160 
disposed under the connecting portion 159, on the rear side 
of the heating plate 156. The support pins 158a protrude and 
sink through the surface of the heating plate 156 With lifting 
and loWering operation of the lifting cylinder Aplurality of 
proximity pins 161 are also disposed on the surface of the 
heating plate 156 in order to prevent Wafers W from con 
tacting directly With the heating plate 156 When the silyla 
tion process is performed. As a result, Wafer W is not 
charged With static electricity at the time of the heating 
process. 

[0055] Furthermore, in the silylation processing chamber 
151, a gas supplying mechanism 162, supplying a gas to be 
used as an agent for silylation, for example, dimethylamino 
silane to the heating process chamber is provided. The gas 
to be used for silylation is supplied from a gas supply ports 
182 and 183 formed on the left and the right side into the 
chamber according to a signal from a controller 167. 

[0056] In addition, in the silylation processing chamber 
151, a temperature sensor 172 measuring temperature of 
inside the chamber is attached. The measurement results of 
the temperature sensor 172 is transmitted to the controller 
167, and the controller 167 controls a heating temperature of 
the heating plate 156 based on the results of the measure 
ment. 

[0057] A WindoW portion 181 carrying in and out the 
Wafers W With the second main transfer mechanism 23 is 
provided on a side of the silylation processing chamber 151, 
and the WindoW portion 181 is structured to be able to be 
opened and closed With a shutter 181. 

[0058] The second main transfer mechanism 23 is able to 
move into the silylation processing chamber 151, and 
receive the Wafer W after being processed With the heating 
plate 156 in the silylation processing chamber 151 via the 
support pins 158a. 

[0059] Incidentally, a gas cylinder or the like of the 
above-described gas supplying mechanism 162 supplying 
gas to be used in the silylation processing is placed in a 
chemical chamber 30 disposed under the multi-functional 
hot plate cure apparatus (MHC) as shoWn in FIG. 3. 

[0060] Next, the steps in the silylation processing per 
formed in the SOD system 1 structured as above Will be 
explained With reference to FIG. 6 and FIG. 7. 

[0061] FIG. 6 is a schematic vieW shoWing steps of the 
present invention, and FIG. 7 is a flow chart of the process. 

[0062] The sylilation process performed in the SOD sys 
tem 1 has six steps as illustrated in FIG. 6. 

[0063] Firstly, as shoWn in FIG. 6A, an insulation ?lm 201 
is formed on the Wafer W in the SOD system 1. Then the 
Wafer W is transferred to the resist for silylation coating unit 
(RCT) included in the second group G2 on the processing 
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block 11 side With the Wafer transfer mechanism 22 for 
coating the resist for silylation 202 on the Wafer W. As 
shoWn in FIG. 6B, the resist for silylation 202 is coated on 
the Wafer W in the resist for silylation coating unit (RCT 
)(Step 1). The Wafer W coated With the resist for silylation 
202 in the resist for silylation coating unit (RCT) is trans 
ferred to a loW temperature heat processing unit (LHP) With 
the Wafer transfer mechanism 22, and a pre-baking process 
is being performed thereon. (Step 2). 

[0064] After the pre-baking process is being performed 
thereon, as shoWn in FIG. 6C, the Wafer W is transferred to 
the aligner in the processing block 13 With the ?rst main 
transfer mechanism 22 and the second main transfer mecha 
nism 23, and a pattern exposure of a desired part is being 
performed (Step 3). Then, the Wafer W is transferred to the 
loW temperature heating process unit (LHP) in the fourth 
group G4 of the processing block 11 With the second main 
transfer mechanism 23, and a post-baking process is being 
performed thereon (Step 4). 

[0065] After the post-baking process is being performed 
thereon, the Wafer W is transferred to the silylation process 
ing unit (SIL) in the sixth group G6 of the processing block 
12 With the second main transfer mechanism 23. Speci? 
cally, as illustrated in FIG. 4, the second main transfer 
mechanism 23 transfers the Wafer W into the silylation 
processing chamber 151 proceeding into the chamber 
through the WindoW portion 181, and the Wafer W is 
transferred onto the support pins 158a at a state of being 
protruded through the surface of the heating plate 156. After 
the Wafer W is being transferred to the heating plate 156, the 
second main transfer mechanism 23 retreats to its original 
position and a hermetic Zone is formed inside the silylation 
processing chamber 151 as the shutter 164 is being closed. 
While the gas to be used for silylation is supplied to the 
silylation processing chamber 151 With the silylated gas 
supply mechanism 162, the heating process (in the range 
from 20° C. to 100° C.) With the heating plate 156 is started. 
Also, as shoWn in FIG. 6D, in the atmosphere of gas to be 
used for sylilation of a predetermined concentration, Si 
atoms is taken to a non-bridge portion 204, Where the 
silylation process takes place (Step5). With this process, a 
silylated layer is formed. 

[0066] After that, for example, When the heating process 
of heating the Wafer W at 80° C. for 60 seconds is com 
pleted, the support pins 158a moves up and protrudes from 
the surface of the heating plate 156, and the shutter 164 
opens. Then the Wafer W is transferred to the second main 
transfer mechanism 23 and taken out from the silylation 
processing chamber 151. 

[0067] Next, the Wafer W is transferred to the cooling plate 
on the transfer and cooling plate (TCP). The Wafer W then 
undergoes a cooling process With the cooling plate on the 
transfer and cooling plate (TCP). 

[0068] As shoWn in FIG. 6E, the silylated layer is hard 
ened With the electron beam processing in the electron beam 
processing unit (EB) included in the sixth group G6 or the 
ultraviolet ray processing in the ultraviolet ray processing 
unit (UV) included in the seventh group G7 through the 
second main transfer mechanism 23 (Step 6). 

[0069] The process performed in the SOD system 1 is 
completed With the process described as above, and the 
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Wafer W is continuously transferred to an etching process 
unit (not illustrated) adjacent to the SOD system 1 With the 
second transfer mechanism 23. Then, as illustrated in FIG. 
6F, un-silylated layer is removed as the oxygen plasma 
etching is being performed. (Step 7). 

[0070] Next, barrier metal layer 206 is formed on the 
silylated layer as shoWn in FIG. 6G (Step 8), and the Cu 
metal is being coated thereon as shoWn in FIG. 6H (Step 9). 

[0071] Furthermore, as illustrated in FIG. 6I, a CMP 
planariZation process is performed using the silylated layer 
as a CMP stopper (Step 10), and the step of Cu Wiring is 
completed. 

[0072] As described above, according to this embodiment, 
the process of forming an insulation ?lm until performing 
the silylation process on the resist can be persecuted inte 
grally in the SOD system. 

[0073] (A second embodiment) 
[0074] FIG. 8, FIG. 9, and FIG. 10 are draWings shoWing 
the entire structure of a SOD system and silylation process 
apparatus according to the second embodiment of the 
present invention. FIG. 8 is a plan vieW, FIG. 9 is a front 
vieW, and FIG. 10 is a rear vieW respectively. Incidentally, 
in FIG. 8, FIG. 9, and FIG. 10, the same numerals and 
symbols Will be used to designate the same components as 
those in FIG. 1, FIG. 2, and FIG. 3, and the explanation 
thereof Will be omitted. 

[0075] In the sixth group G6, tWo silylation processing 
units (SIL), a microWave processing unit (MW) radiating 
microWave for heating and reforming ?lm With radiating 
microWave, the ultraviolet ray processing unit (UV), and the 
electron beam processing unit (EB) are provided one each 
from the bottom in order. On the other hand, in the seventh 
group G7, an etching process unit 50, a metal ?lm forming 
process unit 51, a metal coating process unit 52, and a 
planariZation process unit (CMP) are provided from the 
bottom in order. The metal ?lm forming process unit 51 is, 
for example, a metal ?lm forming apparatus of CVD or the 
like. The metal coating process unit 52 is an apparatus, 
capable of forming a metal ?lm With spinning. 

[0076] Next, the silylation processing step to be performed 
in the SOD system 1 structured as above Will be explained 
With reference to FIG. 6 and FIG. 7 used for an explanation 
in the ?rst embodiment. 

[0077] After the insulation ?lm 201 is formed on a Wafer 
W as illustrated in FIG. 6A, the resist for silylation 202 is 
coated on the Wafer W as illustrated in FIG. 6B (Step 1). 
Then, the Wafer W undergoes a pre-baking process (Step 2), 
and the pattern exposure is being performed on a desired part 
(Step 3). After the exposure shoWn in FIG. 6C, the Wafer W 
undergoes the post-baking process (Step 4), folloWed by the 
silylation process (Step 5). The Wafer W then undergoes the 
cooling process on the cooling plate in the transfer and 
cooling plate (TCP). 
[0078] Next, the Wafer W is transferred to the electron 
beam processing unit (EB) or the ultraviolet ray processing 
unit (UV) included in the sixth group G6 With the second 
main transfer mechanism 23. Here, With performing the 
electron beam processing or the ultraviolet ray processing, 
the silylated layer is hardened as illustrated in FIG. 6E (Step 
6). 
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[0079] Next, the Wafer W is transferred to the etching 
process unit 50 in the seventh group G7 With the second 
main transfer mechanism 23. Then, as illustrated in FIG. 6F, 
un-silylated layer is removed as the oxygen plasma etching 
is being performed (Step 7). 
[0080] The Wafer W is then transferred to the metal ?lm 
forming process unit 51 of the seventh group G7 With the 
second main transfer mechanism 23, and the barrier metal 
layer is formed on the silylated layer With a CVD method or 
a spinning method as illustrated in FIG. 6G (Step 8). 
Incidentally, TiN or TaN, for example, can be used as 
materials for the barrier metal layer. The Wafer W is trans 
ferred to the metal coating process unit 52 With the second 
main transfer mechanism 23, and Cu plating is coated on the 
barrier metal layer as shoWn in FIG. 6H (Step 9). 
[0081] After that, the Wafer W is transferred to the CMP 
included in the seventh group G7 With the second main 
transfer mechanism 23, a planariZation processing is per 
formed With using the silylated layer as a CMP stopper as 
shoWn in FIG. 6I (Step 10), and the Cu Wiring step is 
completed. 
[0082] With this structure, patterning the insulation ?lm is 
possible With a single layer of a silylated resist ?lm since the 
resist ?lm for silylation is applied directly onto the insula 
tion ?lm and used as a hard mask. Moreover, the silylated 
resist can also be used as the CMP stopper Without removing 
thereof. Therefore, a resist removing process can be omitted 
and throughput can be improved. 

[0083] In the second embodiment, since the etching pro 
cess unit 50, the metal forming process unit 51, the metal 
coating process unit 52, and the planariZation process unit 
(CMP) are included in the SOD system 1, a series of 
damascene steps up to CMP can be performed in this SOD 
system 1, causing an improvement in manufacturing ef? 
ciency. 
[0084] The steps can be simpli?ed since a hard mask is not 
required to be formed beforehand as the silylated resist is 
hardened With the ultraviolet ray processing or the electron 
beam processing 
[0085] It should be noted that the present invention is not 
limited to the embodiments explained above. 

[0086] For example, the etching in Step 7 may be per 
formed immediately after the silylation processing is com 
pleted, and the electron beam processing or the ultraviolet 
ray processing in Step 6 may be performed thereafter. 
[0087] Furthermore, although the aforesaid embodiments 
are explained With the examples in Which the silicon Wafer 
W is used as a substrate, the present invention can be applied 
to other substrates such as a glass substrate. 

[0088] As described above, according to the present 
invention, the resist ?lm becomes able to be used as the hard 
mask for patterning the insulation ?lm With silylation. Also, 
in the Wiring step, patterning the insulation ?lm can be 
simpli?ed since resist ?lm need not to be removed. In 
addition, a process from forming the insulation ?lm until the 
silylation process and patterning of the resist can be per 
formed integrally since the unit for silylation is included into 
the SOD system for forming the insulation ?lm. Further 
more, the steps can be simpli?ed, thereby improving 
throughput. 
[0089] The disclosure of Japanese Patent Application 
No.2001-191954 ?led Jun. 25, 2001 including speci?cation, 
draWings and claims are herein incorporated by reference in 
its entirety. 
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[0090] Although only some exemplary embodiments of 
this invention have been described in details as above, those 
skilled in the art should readily appreciate that many modi 
?cations are possible in the exemplary embodiments Without 
materially departing from the novel teachings and advan 
tages of this invention. Accordingly, all such modi?cations 
are intended to be included Within the scope of this inven 
tion. 

What is claimed is: 
1. A ?lm forming method, comprising the steps of: 

(a) coating a resist ?lm for silylation on a surface of an 
insulation ?lm of a semiconductor substrate; 

(b) exposing a pattern on the resist ?lm for silylation; 

(c) performing a silylation process With causing the resist 
?lm for silylation chemically react With a compound 
including silicon and forming a silylated layer; 

(d) etching the insulation ?lm using the silylated layer as 
a mask; and 

(e) forming a metal ?lm on the silylated layer Without 
removing the silylated layer used as the mask. 

2. The ?lm forming method as set forth in claim 1, 

Wherein the mask is formed With dry etching the silylated 
layer in the step 

3. The ?lm forming method as set forth in claim 1, 

Wherein a step of hardening the silylated layer With 
performing at least one of an electron beam processing 
and an ultraviolet ray processing is provided before the 
step 

4. The ?lm forming method as set forth in claim 2, 

Wherein a step of hardening the silylated layer With 
performing at least one of electron beam processing 
and ultraviolet ray processing is provided after the step 
(d) 

5. The ?lm forming method as set forth in claim 2, 

Wherein a step of planariZing the ?lm surface With per 
forming a chemical mechanical polishing using the 
silylated layer as a stopper is provided after the step (e). 

6. A ?lm forming apparatus disposed adjacent to an 
aligner selectively exposing a resist ?lm for silylation, an 
etching apparatus etching an insulation ?lm using a silylated 
layer as a mask, and a metal ?lm forming apparatus forming 
a metal ?lm on the silylated layer being used as the mask 
Without removing thereof, comprising: 

a resist ?lm for silylation forming portion forming a resist 
?lm for silylation on a surface of an insulation ?lm 
formed on a surface of a substrate; 

a silylated layer forming portion performing a silylation 
process for forming a silylated layer With causing the 
resist ?lm for silylation chemically react With a com 
pound including silicon; and 

a transfer mechanism transferring the substrate among the 
resist ?lm for silylation forming portion, the silylated 
layer forming portion, the aligner, the etching apparatus 
and the metal ?lm forming apparatus. 
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7. The ?lm forming apparatus as set forth in claim 6, 

Wherein the etching apparatus forms the mask With dry 
etching the silylated layer. 

8. The ?lm forming apparatus disposed adjacent to a 
hardening process apparatus hardening the silylated layer 
With performing at least one of an electron beam processing 
and an ultraviolet ray processing, as set forth in claim 6, 

Wherein the transfer mechanism transfers the substrate to 
and receives thereof from the hardening process appa 
ratus. 

9. The ?lm forming apparatus disposed adjacent to a 
planariZation processing apparatus planariZing a surface of 
the insulation ?lm With performing a chemical mechanical 
polishing using the silylated layer as a stopper as set forth in 
claim 6, 

Wherein the transfer mechanism transfers the substrate to 
and receives thereof from the planariZation processing 
apparatus. 

10. A ?lm forming apparatus, comprising: 

a resist ?lm for silylation forming portion forming a resist 
?lm for silylation on an insulation ?lm surface formed 
on the surface of a substrate; 

a silylated layer forming portion performing a silylation 
process and forming a silylated layer With causing the 
resist ?lm for silylation chemically react With a com 
pound including silicon; 

an aligner selectively exposing the resist ?lm for silyla 
tion; 

an etching portion etching the insulation ?lm With using 
the silylated layer as a mask; 

a metal ?lm forming portion forming a metal ?lm on the 
silylated layer Without removing the silylated layer 
used as the mask; and 

a transfer mechanism transferring the substrate among the 
silylated layer forming portion, the aligner, the etching 
poriton, and the metal ?lm forming portion. 

11. The ?lm forming apparatus as set forth in claim 10, 

Wherein the etching portion forms the mask With dry 
etching the silylated layer. 

12. The ?lm forming apparatus as set forth in claim 10, 
further comprising: 

a hardening process portion hardening the silylated layer 
With performing at least one of an electron beam 
processing and an ultraviolet ray processing. 

Wherein the transfer mechanism further transfers the 
substrate to and receives thereof from the hardening 
process portion. 

13. The ?lm forming apparatus as set forth in claim 10, 
further comprising: 

a planariZation processing portion planariZing the sily 
lated layer With performing a chemical mechanical 
polishing using the silylated layer as a stopper. 

Wherein the transfer mechanism further transfers the 
substrate to and receives thereof from the planariZation 
processing portion. 

* * * * * 


