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METHOD OF FORMINGHGHLY 
CONFORMAL AMORPHOUS CARBON 

LAYER 

BACKGROUND 

0001 1. Field of the Invention 
0002 The present invention relates to semiconductor inte 
grated circuit manufacturing and, more particularly to a 
method of forming a conformal amorphous carbon layer Suit 
able for etching processes and double patterning processes. 
0003 2. Description of the Related Art 
0004 Integrated circuits fabricated on semiconductor sub 
strates for large scale integration require multiple levels of 
metal interconnections to electrically interconnect the dis 
crete layers of semiconductor devices on the semiconductor 
chips. The different levels of interconnections are separated 
by various insulating or dielectric layers, which have been 
etched via holes to connect one level of metal to the next. 
0005. The evolution of chip design continually requires 
faster circuitry and greater circuit density. The demands for 
faster circuits with greater circuit densities impose corre 
sponding demands on the materials used to fabricate Such 
integrated circuits. In particular, as the dimensions of inte 
grated circuit components are reduced to the Sub-micron 
scale, the demands for greater integrated circuit densities also 
impose demands on the process sequences used in the manu 
facture of integrated circuit components. For example, in 
process sequences that use conventional photo lithographic 
techniques, a layer of energy-sensitive resist is formed over a 
stack of material layers disposed on a Substrate. 
0006. As the pattern dimensions are reduced, the thickness 
of the energy-sensitive resist must correspondingly be 
reduced in order to control pattern resolution. Such thin resist 
layers can be insufficient to mask underlying material layers 
during the pattern transfer step due to attack by the chemical 
etchant. 
0007 Recently, Amorphous hydrogenated carbon is 
widely used as hardmask material between the energy-sensi 
tive resist layer and the underlying material layers to facilitate 
pattern transfer because of its good etch selectivity relative to 
silicon dioxide or silicon nitride, optical transparency, and 
good mechanical properties. However, current deposition 
processes for amorphous carbon hardmask result in poor step 
coverage and/or non-conformal sidewall protection of the 
hardmask on the uneven Surface of the Substrate making 
Successful pattern transfer increasingly difficult as pattern 
densities continue to shrink. 
0008 If pre-etch critical dimension of the pattern is out of 
specification after photo-lithography, a rework process may 
be performed to remove the resist layer from the substrate and 
re-pattern the substrate with a new resist layer. During rework 
process, the Surface of the underlying layer, amorphous car 
bon hardmask layer, may be attacked by the etchant used to 
remove the resist mask, thereby causing thickness of the 
hardmask to be reduced or the profile of the hardmask to be 
undercut. 
0009. The hardmask thickness loss or undercut profile 
associated with the rework process changes the uniformity 
and/or step coverage of the new resist layer formed over the 
hardmask layer, thereby contributing to inaccurate transfer of 
the desired pattern to the film stack, which may adversely 
influence Subsequent processes used for interconnect forma 
tion and disadvantageously impact the overall electrical per 
formance of the device. 
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0010. In addition, for advanced lithography, the ability to 
pattern not only Small pitches, but also small critical dimen 
sions (CDS), is very important. For front-end applications, 
patterns may be narrowed after lithography development 
through the use of trim techniques during the Subsequent 
etches process. For back-end applications, shrink techniques 
are needed to reduce trenches and contacts to the required 
narrow critical dimensions. The conformal deposition, using 
plasma enhanced chemical vapor deposition system, is a post 
lithography process that covers the top and sidewalls of the 
photoresist with an amorphous carbon layer. This amorphous 
carbon layer has a high etch resistance for Subsequent etch 
steps and can be removed with standard ash processes after 
wards. 

SUMMARY 

0011. An object of the disclosed embodiments of the 
present invention is to provide a method of forming a confor 
mal amorphous carbon layer on a trench for an integrated 
circuit and to provide a method of forming a conformal amor 
phous carbon layer on a photoresist pattern for double pat 
terning processing at low temperatures (e.g., 50° C. or lower). 
In an embodiment, this method may be applied to steps com 
prises positioning a substrate in a processing chamber, intro 
ducing a hydrocarbon source into the processing chamber 
with a carrier gas, introducing an additional gas into the 
processing chamber, and generating a plasma in the process 
ing chamber. Consequently, a hydrocarbon-containing poly 
mer film is deposited on a semiconductor substrate. 
0012. An embodiment provides a method of forming a 
conformal amorphous hydrogenated carbon layer on an 
irregular surface of a semiconductor Substrate by plasma 
CVD, said irregular surface being constituted by a top surface 
and multiple recesses, each recess having a side wall and a 
bottom Surface, said side wall being Substantially or nearly 
perpendicular to the top surface, said bottom Surface being 
Substantially or nearly parallel to the top surface, said method 
comprising: (i) vaporizing a hydrocarbon-containing precur 
sor; (ii) introducing said vaporized precursor and an argon gas 
into a CVD reaction chamberinside which the semiconductor 
Substrate is placed; (iii) depositing a conformal amorphous 
hydrogenated carbon layer on the irregular surface of the 
semiconductor Substrate by plasma polymerization of the 
precursor, and (iv) controlling the deposition of the confor 
mal ratio of the depositing conformal amorphous hydroge 
nated carbon layer, said controlling comprising (a) adjusting 
a step coverage of the conformal amorphous hydrogenated 
carbon layer to about 30% or higher as a function of substrate 
temperature, and (b) adjusting a conformal ratio of the con 
formal amorphous hydrogenated carbon layer to about 0.9 to 
about 1.1 as a function of RF power and/or argon gas flow 
rate. 

0013. In the above, the step coverage is typically defined 
as a ratio of an average thickness of a portion of the conformal 
amorphous hydrogenated carbon layer deposited on the side 
wall of the recess to an average thickness of a portion of the 
conformal amorphous hydrogenated carbon layer deposited 
on the top Surface, and the conformal ratio is typically defined 
as a ratio of a thickness of a portion of the conformal amor 
phous hydrogenated carbon layer deposited at atop of the side 
wall of the recess to a thickness of a portion of the conformal 
amorphous hydrogenated carbon layer deposited at a mid 
point of the side wall of the recess or at a lowest point along 
the side wall of the recess if the lowest point is higher than the 
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midpoint. In other embodiments, alternative definitions of the 
step coverage and conformal ratio can be used as described 
later. 
0014. In an embodiment, the adjusting of the step cover 
age may be performed at a substrate temperature of about 50° 
C. or lower. In an embodiment, the Substrate temperature may 
be about 0°C. to about 50° C. or about 0°C. to about 25°C. 
In another embodiment, the Substrate temperature may be up 
to about 100°C., depending on the desired step coverage and 
the desired conformal ratio, the aspect ratio and size of the 
trench in combination with the other controlling parameters. 
In an embodiment, the Substrate temperature may be main 
tained using a cooling system, in Some cases, it is difficult to 
constantly control the substrate temperature below 50° C. due 
to the gas temperature, plasma discharge, etc. 
0015. In any of the foregoing embodiments, the adjusting 
of the conformal ratio may be performed at an RF power of 
about 450 W or lower. In an embodiment, the RF power may 
be about 100 W to about 450 W or about 150 W to about 400 
W. In another embodiment, the RF power may be up to about 
800 W. depending on the desired step coverage and the 
desired conformal ratio, the aspect ratio and size of the trench 
in combination with the other controlling parameters. 
0016. In any of the foregoing embodiments, the adjusting 
of the conformal ratio may be performed at an argon gas flow 
rate of about 0.1 slim to about 0.8 slim. In an embodiment, the 
argon gas flow rate may be about 0.2 slim to about 0.6 slim. In 
another embodiment, the argon gas flow rate may be about 0 
slim to about 1 slim, depending on the desired step coverage 
and the desired conformal ratio, the aspect ratio and size of the 
trench in combination with the other controlling parameters. 
0017. In any of the foregoing embodiments, the recesses 
may beformed by photo resist patterns each having a width of 
10 nm to 100 nm and a height of 10 nm to 100 nm, and 
arranged at intervals each being about three times the width, 
wherein the conformal amorphous hydrogenated carbon 
layer is deposited on the side wall of the recesses at a thick 
ness which is about the same as the width of the photo resist 
pattern, thereby arranging the conformal amorphous hydro 
genated carbon layer deposited on the side wall of the 
recesses at intervals each being about the same as the width of 
the photo resist pattern. 
0018. In an embodiment, in order to form an amorphous 
hydrogenated carbon layer, as the hydrocarbon-containing 
precursor, a hydrocarbon-containing precursor (C.HX. 
where C. and B are natural numbers, Y is an integer including 
Zero: X is O. Nor F) may be used. In an embodiment, Y is zero. 
Helium may be used as the carrier gas since it is easily ionized 
and is advantageous for initiating a plasma in a chamber with 
a low risk of arcing. The additional gas may be selected from 
the group consisting of He, Ar, Kr, Xe, and the molar flow rate 
of the additional gas may be greater than the molar flow rate 
of the hydrocarbon-containing precursor. The processing 
chamber may be maintained at a pressure of about 0.1 Torr to 
about 10 Torr after initiating a plasma therein. After the gases 
are introduced into the chamber, organic monomers are poly 
merized by a plasma polymerization reaction to form an 
organic carbon polymer film on a Substrate surface, and the 
resultant film formed can be used as a hard mask or patterning 
layer for various semiconductor processing. 
0019 For purposes of summarizing aspects of the inven 
tion and the advantages achieved over the related art, certain 
objects and advantages of the invention are described in this 
disclosure. Of course, it is to be understood that not neces 
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sarily all such objects or advantages may be achieved in 
accordance with any particular embodiment of the invention. 
Thus, for example, those skilled in the art will recognize that 
the invention may be embodied or carried out in a manner that 
achieves or optimizes one advantage or group of advantages 
as taught herein without necessarily achieving other objects 
or advantages as may be taught or Suggested herein. 
0020. Further aspects, features and advantages of this 
invention will become apparent from the detailed description 
of the preferred embodiments which follow. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0021. These and other features of this invention will now 
be described with reference to the drawings of preferred 
embodiments which are intended to illustrate and not to limit 
the invention. The drawings are oversimplified for illustrative 
purpose and are not necessarily to scale. 
0022 FIG. 1 is a scanning electron microscope (SEM) 
photograph showing a cross-sectional view of a non-confor 
mal amorphous carbon layer formed on an irregular surface. 
0023 FIG. 2 is a graph demonstrating the relationship 
between Substrate temperature and step coverage and the 
relationship between substrate temperature and conformal 
ratio of an amorphous hydrogenated carbon layer deposited 
on an irregular surface according to embodiments of the 
present invention. 
0024 FIG. 3 is a graph demonstrating the relationship 
between RF power and conformal ratio of an amorphous 
hydrogenated carbon layer deposited on an irregular surface 
according to embodiments of the present invention. 
0025 FIG. 4 is a graph demonstrating the relationship 
between Argas flow and conformal ratio and the relationship 
between Argas flow and step coverage of an amorphous 
hydrogenated carbon layer according to embodiments of the 
present invention. 
(0026 FIGS. 5A and 5B are SEM photographs showing 
cross-sectional views of a conformal amorphous hydroge 
nated carbon layer formed on an irregular surface according 
to embodiments of the present invention. 
0027 FIG. 6 is a schematic illustration of a cross-sectional 
view of a conformal amorphous hydrogenated carbon layer 
formed on a photo-resist according to an embodiment of the 
present invention. 
0028 FIG. 7 is a graph showing the relationship between 
Substrate temperature and step coverage of an amorphous 
hydrogenated carbon layer formed on an irregular Surface 
according to embodiments of the present invention. 
(0029 FIGS. 8A to 8E are SEM photographs showing 
cross sectional views of conformal amorphous hydrogenated 
carbon layers according to embodiments of the present inven 
tion. 
0030 FIGS. 9A and 9B are schematic illustrations 
explaining measurements of a conformal amorphous hydro 
genated carbon layer formed on a convex surface according to 
an embodiment of the present invention. 
0031 FIGS. 10A to 10D are schematic illustrations show 
ing processes of double pattering using an amorphous hydro 
genated carbon layer according to an embodiment of the 
present invention. 

DETAILED DESCRIPTION 

0032 Embodiments will be explained below. The embodi 
ments are not intended to limit the present invention. Addi 
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tionally, elements used in an embodiment can be used in 
another embodiment in combination with other elements or 
can replace another element used in another embodiment 
unless special conditions are attached. 
0033 For double patterning of contact array with a carbon 
layer, for example, it is important to form a conformal film 
having a conformal ratio of substantially or nearly one so as to 
produce projections having a side wall Substantially or nearly 
perpendicular to a reference Surface. In an embodiment, it can 
be realized by controlling the deposition of the conformal 
ratio of the depositing conformal amorphous hydrogenated 
carbon layer. The controlling step may comprise adjusting a 
step coverage of the conformal amorphous hydrogenated car 
bon layer to about 30% or higher (in another embodiment, 
about 50% or higher) as a function of substrate temperature, 
and adjusting a conformal ratio of the conformal amorphous 
hydrogenated carbon layer to about 0.9 to about 1.1 (in 
another embodiment, Substantially or nearly one) as a func 
tion of RF power and/or argon gas flow rate, 
0034. An embodiment may be applied to improve a 
method of depositing a conformal amorphous hydrogenated 
carbon layer on an irregular Surface of a substrate by plasma 
CVD at a substrate temperature of A (0°C.), an RF power of 
B (W/cm), and an argon flow rate of C (slim), said conformal 
amorphous hydrogenated carbon having a conformal ratio of 
about 1.5 or higher, said irregular Surface being constituted by 
a top surface and multiple recesses, each recess having a side 
wall and a bottom surface, said side wall being Substantially 
or nearly perpendicular to the top surface, said bottom surface 
being Substantially or nearly parallel to the top surface. In an 
embodiment, the improvement may comprise changing the 
substrate temperature to a value lower than A (C.), prefer 
ably 50° C. or lower, as a primary parameter, so as to reduce 
the conformal ratio to about 1.2 to about 1.4, and changing the 
RF power to a value lower than B (W/cm), as a secondary 
parameter, so as to further reduce the conformal ratio to about 
1.0 to about 1.1, and adjusting the Argas flow to a value lower 
than C (slim) so as to further reduce the conformal ratio or a 
value higher than C (slim) So as to increase the conformal 
ratio, as an adjustment parameter, thereby obtaining a desired 
conformal ratio in the range of about 0.80 to about 1.05. 
0035. In an embodiment, while controlling a substrate 
temperature approximately at A (0° C.), an RF power 
approximately at B (W) and a flow rate of the argon gas 
approximately at C (slim), the following relations may be 
satisfied: As50, and 100sBXCs300, thereby adjusting a 
step coverage of the layer at 30% or higher, and a conformal 
ratio of the layer at about 0.9 to about 1.1. 
0036. In an embodiment, the hydrocarbon-containing pre 
cursor may have a carbon/hydrogen ratio (C/H) of 0.55 or 
higher. The hydrocarbon-containing precursor may be cyclic. 
In an embodiment, the hydrocarbon-containing precursor 
may be cyclopenten. Alternatively, the hydrocarbon-contain 
ing precursor may be non-cyclic. In an embodiment, the 
hydrocarbon-containing precursor may be isoprene. 
0037. In an embodiment, the additional gases may be 
helium/argon or helium/krypton. In an embodiment, the 
helium/argon or the helium/krypton may be maintained at a 
ratio of the molar flow rate of about 5/1 to about 10/1, wherein 
seal gas is not included in the calculation of the ratio. 
0038. In an embodiment, the forming of an amorphous 
hydrogenated carbon layer on the semiconductor Substrate by 
plasma polymerization may comprise applying RF power of 
between approximately 10 Watt and approximately 1000 
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Watt; and setting the reaction chamber pressure at between 
approximately 0.1 Torr and approximately 10 Torr. In the 
above, the values in Watt are values suitable for processing a 
200-mm wafer or the like, and if a 300-mm wafer is pro 
cessed, the values may be increased. The values can be 
expressed using W/cm (Watt per unit area of a 200-mm 
wafer). However, because a value suitable for a 300-mm 
wafer need not proportionally be 1.5 times higher than that for 
a 200-mm wafer, the values based on W/cm needs to be 
adjusted by +0.3 W/cm depending on the apparatus type, 
reactor size, wafer size, etc. 
0039. In an embodiment, the amorphous hydrogenated 
carbon layer formed on the substrate may have a density of 
more than 0.9 g/cm and a compressive stress of 0-100 MPa. 
0040. In the disclosure, the irregular surface may be con 
stituted by a top Surface and multiple recesses, each recess 
having a side wall and a bottom Surface, said side wall being 
Substantially or nearly perpendicular to the top surface, said 
bottom surface being substantially or nearly parallel to the top 
Surface, and the step coverage may typically be defined as a 
ratio of an average thickness of a portion of the conformal 
amorphous hydrogenated carbon layer deposited on the side 
wall of the recess to an average thickness of a portion of the 
conformal amorphous hydrogenated carbon layer deposited 
on a top Surface, and the conformal ratio may typically be 
defined as a ratio of a thickness of a portion of the conformal 
amorphous hydrogenated carbon layer deposited at a top of 
the side wall of the recess to a thickness of a portion of the 
conformal amorphous hydrogenated carbon layer deposited 
at a midpoint of the side wall of the recess or at a lowest point 
along the side wall of the recess if the lowest point is higher 
than the midpoint. Even if the top surface is not flat but 
rounded and the conformal layer is thick and significantly fills 
the recess, the above definition can be applied as shown in 
FIG.9A. 

0041. In FIG.9A, the irregular surface is constituted by a 
top surface (B) and multiple recesses (94), each recess has a 
side wall (93) and a bottom surface (92), the side wall (93) is 
Substantially or nearly perpendicular to the top surface (B), 
and the bottom surface (92) is substantially or nearly parallel 
to the top surface (B). The top of the substantially or nearly 
vertical side wall (93) is located at point C. The lowest point 
along the side wall (93) is located at point D which is higher 
than a midpoint (E) of the side wall (93). Thus, in this con 
figuration, the step coverage can be defined as a ratio of an 
average thickness (c) of a portion of the conformal amor 
phous hydrogenated carbon layer (91) deposited on the side 
wall (93) of the recess to an average thickness (a-A-B) of a 
portion of the conformal amorphous hydrogenated carbon 
layer deposited on a top Surface (B), and the conformal ratio 
is defined as a ratio of a thickness (d) of a portion of the 
conformal amorphous hydrogenated carbon layer deposited 
at a top of the side wall (C) of the recess to a thickness (b) of 
a portion of the conformal amorphous hydrogenated carbon 
layer deposited at a lowest point along the side wall of the 
recess (D) where the lowest point (D) is higher than the 
midpoint (E). 
0042. In FIG. 9B, the step coverage can be defined as a 
ratio of an average thickness (c') of a portion of the conformal 
amorphous hydrogenated carbon layer (91') deposited on the 
side wall of the recess (94") to an average thickness (a"-A-B') 
of a portion of the conformal amorphous hydrogenated car 
bon layer deposited on the top surface (B'), and the conformal 
ratio can be defined as a ratio of a thickness (d) of a portion of 
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the conformal amorphous hydrogenated carbon layer depos 
ited at a top of the side wall (B') of the recess to a thickness (b") 
of a portion of the conformal amorphous hydrogenated car 
bon layer deposited at a midpoint of the side wall (E) of the 
recess where the lowest point (D) of the side wall is lower 
than the midpoint (E'). 
0043 FIG. 1 shows a SEM cross-sectional view showing a 
Substrate with a conventional non-conformal amorphous car 
bon layer formed under the following conditions. 
0044) Isoprene: 100-120 sccm 
0045 Argon: 2.5 slim 
0046 Nitrogen: None 
0047 Process helium: 0.7 slim 
0048 Seal helium: 50 sccm 
0049 Carrier helium: 300 sccm 
0050. Pressure: 5-6 Torr 
0051 RF power: 2.5 W/cm2 
0052. Deposition time: 2 min 10 sec 
0053 Substrate temp. 340°C. 
0054 Because the conventional non-conformal amor 
phous carbon layer does not completely cover the sidewalls of 
feature, Subsequent etching processes may result in unwanted 
erosion of sidewalls. The lack of complete coverage of side 
walls due to the non-conformal amorphous carbon layer may 
also lead to photoresist poisoning of the material, which is 
known to cause damage to electronic devices. 
0055. In an embodiment, in order to form a substantially 
complete conformal layer, the Substrate temperature is 
reduced from 340°C. to lower than 200° C. (preferably 0°C. 
to 50° C.), the Argas flow is about 4 of the above, the He gas 
flow is about 4 times greater than the above, the PR power is 
about /2 of the above, and nitrogen gas is introduced. 
0056. Embodiments of the present invention provide a 
method of forming a conformal hydrocarbon-containing 
polymer layerona semiconductor Substrate by a capacitively 
coupled plasma CVD, which comprise; vaporizing a hydro 
carbon-containing precursor (C.H.X., where C. and B are 
natural number, Y is an integer including Zero; X is O. Nor F); 
introducing said vaporized gas and additional gases into a 
CVD reaction chamber inside which a semiconductor sub 
strate is placed; semiconductor Substrate temperature main 
taining between approximately 0°C. to 200°C.; and forming 
a hydrocarbon-containing polymer film on said semiconduc 
tor Substrate by plasma polymerization of said gas. 
0057. In the above embodiment, the liquid monomer may 
be cyclic or non-cyclic, such as cyclopentene, isoprene. In 
any of the foregoing embodiments, the liquid monomer may 
have a carbon/hydrogen ratio (C/H) of 0.55 or higher, prefer 
ably 0.6 or higher. 
0058. In any of the aforesaid embodiments, only said liq 
uid monomer may be used as a reaction gas. 
0059. In any of the aforesaid embodiments, the liquid 
monomer may be introduced into a vaporizer disposed 
upstream of said reaction chamber and vaporized. In the 
above, the liquid monomer may be flow-controlled upstream 
of said vaporizer by a valve, and its introduction into said 
vaporizer may be blocked, except when a film is being depos 
ited, by a shutoff valve disposed between said flow control 
valve and said vaporizer and kept approximately at 5° C. or 
lower. 
0060 A flow rate of hydrocarbon precursor is not particu 
larly restricted, but as a flow rate introduced into a reaction 
chamber after vaporization, in an embodiment, it is approxi 
mately 20 sccm to approximately 1000 sccm. 
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0061 Additionally, an additive gas can be introduced into 
a reaction chamber. For example, the additional gas can be 
one of or a combination of two or more of He, Ar., Ne, Kr, Xe, 
and N2; preferably He or/and Ar. A flow rate of an additional 
gas introduced into a reaction chamber is approximately 30 
sccm to 3000 sccm. 
0062. A plasma polymerization can be preformed in an 
embodiment under the conditions: a substrate temperature of 
approximately 0°C. to 200°C. (including a range of 0°C.-70° 
C. and a range of 50° C.-150° C.), a reaction pressure of 
approximately 0.1 Torr to 10 Torr (including a range of 1 
Torr-8 Torr, a range of 3 Torr-6 Torr, and a range of 5 Torr-6 
Torr in embodiments). As to RF power density, a plasma 
polymerization step is preformed under the conditions of RF 
power density of approximately 0.02 W/cm to 7W/cm per 
substrate area (including a range of 0.05-5 W/cm, and a 
range of 0.5-3 W/cm2 in embodiments). Additionally, a 
plasma polymerization step can be performed using a fre 
quency exceeding 5 MHz, e.g., any on of high RF frequency 
power of 13.56MHz, 27 MHz or 60 MHz, in an embodiment: 
further, one of the foregoing high RF frequency power and 
low RF power of 5 MHz or less can be combined. 
0063. In the present disclosure where conditions and/or 
structures are not specified, the skilled artisan in the art can 
readily provide Such conditions and/or structures, in view of 
the present disclosure, as a matter of routine experimentation. 

Example 
Substantially Complete Conformal Layer 

0064 One of advantages of the disclosed embodiments is 
the significant enhancement of conformality as compared 
with otheramorphous carbon deposition processes. For form 
ing a conformal amorphous carbon layer on a semiconductor 
Substrate, deposition conditions in embodiments may be as 
follows: 
0065 Isoprene: 10-300 sccm 
0066 Argon: 0-3000 sccm 
0067. Nitrogen: 0-1000 sccm 
0068. Process helium: 3000 sccm 
0069. Sealed helium: 50 sccm 
0070 Carrier helium: 300 sccm 
(0071. Substrate temperature: 0-300° C. 
0072 RF power: 0.02 W/cm-7 W/cm 
0073 Pressure: 0.1-10 Torr 
(0074. Deposition time: 30 sec. 
0075 FIG. 2 shows step coverage and conformal ratio 
changes of a deposited amorphous carbon layer with refer 
ence to Substrate temperature, which layer was formed under 
the following conditions: 
(0076 Isoprene: 115 sccm 
(0077 Argon: 800 sccm 
(0078 Nitrogen: 0 sccm 
(0079 RF power: 2.55 W/cm (800 W) 
0080 Pressure: 5.5 Torr 
I0081. In this figure, the step coverage and conformal ratio 
can be defined as described earlier or the step coverage or 
conformality may be defined as the ratio percent of the aver 
age thickness of amorphous carbon layer deposited on the 
sidewalls to the average thickness of amorphous carbon layer 
on upper Surface of substrate, and the conformal ratio may be 
defined as the ratio of the thickness of amorphous carbon 
layer deposited on the sidewall at top to the thickness of 
amorphous carbon layer deposited on the sidewall at half 
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height (e.g., conformal ratio(CR)-1 means an over-hang 
manner, CR-1 means a flowable manner, and CR=1 means a 
well conformal manner). As shown FIG. 2, the conformality 
increase to approximately 37% as the substrate temperature 
decreases. Also CR is nearing 1 as the Substrate temperature 
decreases. 
0082 In this example, the substrate temperature is a pri 
mary parameter for reducing the conformal ratio and espe 
cially for increasing the step coverage. By reducing the Sub 
strate temperature, both the step coverage and conformal ratio 
can effectively and remarkably be controlled. The step cov 
erage can be increased to about 30% or higher, and the con 
formal ratio can be reduced to a range of about 1.2 to about 
1.4. 
I0083 FIG. 7 shows the relationship between step cover 
age and Substrate temperature according to another embodi 
ment where an amorphous hydrogenated carbon layer was 
formed under the following conditions: 
0084. Isoprene: 115 sccm 
I0085 Argon: 600 sccm. 
I0086) Nitrogen: 800 sccm 
0087 P-He: 3000 sccm 
0088 Seal-He: 50 sccm 
0089) C-He: 300 sccm 
0090 Substrate temperature: 0-350° C. 
0.091 RF power: 1.3 W/cm2 (400 W) 
0092 Pressure: 733 Pa (5.5 Torr) 
0093. In this example, the step coverage can be reduced to 
about 50% or higher by reducing the substrate temperature. 
When the substrate temperature was 50° C. or lower, the step 
coverage became higher than about 60%. The amorphous 
hydrogenated carbon layer had a conformal ratio of about 1.0. 
0094 FIG. 3 shows the conformal ratio changes of a 
deposited amorphous carbon layer with reference to RF 
power which changes from 100W to 800W (0.3 W/cm to 2.6 
W/cm) at a point shown in FIG. 2 where the substrate tem 
perature is about 0°C.-25°C. The amorphous hydrogenated 
carbon layer was formed under the following conditions. 
0095 Isoprene: 115 sccm 
0096 Argon: 800 sccm 
0097. Nitrogen: 0 sccm 
0098. Substrate temperature: 0-25° C. 
0099 Pressure: 5.5 Torr 
0100. In this example, the RF power is a secondary param 
eter for reducing the conformal ratio. By reducing the RF 
power, the conformal ratio can effectively and remarkably be 
controlled. The conformal ratio can be reduced to a range of 
about 1.1 to about 1.0 when the RF power is controlled in a 
range of about 150 W to about 450 W. 
0101 The conformal ratio is increased to approximately 
1.4 with increasing RF power. A conformal ratio of 1.4 
means, for example, if thickness on the sidewall at halfheight 
is 30 nm, thickness on the sidewall at top is 42 nm (over-hang 
deposition). 
0102 FIG. 4 also shows the step coverage and conformal 
ratio changes of a deposited amorphous carbon layer with 
reference to argon flow which changes from 0.6 slim to Zero 
slim at a point shown in FIG. 3 where the RF power is about 
400 W (the point where the argon flow was 0.8 slim was 
omitted). The amorphous hydrogenated carbon layer was 
formed under the following conditions. 
(0103) Isoprene: 115 sccm 
0104 Nitrogen: Osccm 
0105 Substrate temperature: 0-25° C. 
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0106 RF power: 1.8 W/cm (400 W) 
01.07 Pressure: 5.5 Torr 
0108. In this example, the Argas flow is an adjustment 
parameter for reducing the conformal ratio. By adjusting the 
Argas flow in a range of Zero to 0.6 slim, the conformal ratio 
can effectively and remarkably be adjusted in a range of about 
0.80 to about 1.05, and the step coverage can effectively and 
remarkably be adjusted in a range of about 38% to about 29%. 
Unlike the substrate temperature, when the Ar gas flow 
changes, both the conformal ratio and step coverage change 
in the same direction, i.e., when the conformal ratio 
decreases, the step coverage also decreases. In contrast, when 
the Substrate temperature changes, the conformal ratio and 
step coverage change in different directions, i.e., when the 
conformal ratio decreases, the step coverage increases as 
shown in FIG. 2. Also in view of the above, the substrate 
temperature rather than the Argas flow is preferably used as 
a primary parameter. 
0109. Above factors, e.g., substrate temperature, RF 
power, additional gases, in conjunction with the higher Stick 
ing probability of —CH radicals on the substrate surface 
result in the improvement in conformality depicted in FIGS. 
5A and 5B. Qualitatively, the amorphous carbon layer is 
highly conformal and completely covers sidewalls. The 
amorphous carbon layer may have a step coverage or confor 
mality of approximately 45%-65%. The layer was formed 
under the following conditions: 
0110. Isoprene: 115 sccm 
0111 Argon: 600 sccm 
(O112 Nitrogen: 800 sccm 
0113 Substrate temperature: 0-25° C. 
0114 RF power: 1.3 W/cm 
0115 Pressure: ... 5.5 Torr 
0116. Nitrogen flow can be used as a fine adjustment 
parameter for adjusting the conformal ratio. The effect of 
nitrogen gas is not as significantas Argas, and thus, is Suitable 
as a fine adjustment parameter. 
0117 FIGS. 8A to 8E show SEM photographs of cross 
sectional views of conformal amorphous hydrogenated car 
bon layers formed according to the conditions corresponding 
to those used in relation to FIGS. 2 and 4, wherein the sub 
strate temperature were 340°C. (FIG.8A), 140°C. (FIG.8B), 
and 0°C. (FIG.8C), and the Argas flow were 800 sccm (FIG. 
8D) and 0 sccm (FIG. 8E). As shown in FIGS. 8A to 8C, by 
reducing the Substrate temperature, the step coverage can 
increase and the conformal ratio can decrease, and at about 0° 
C., the conformal ratio became about one. As shown in FIGS. 
8D and 8E, when the Ar gas flow exceeds 600 sccm, the 
conformal ratio became high and the step coverage became 
low. 

Example 

Resist Pattern for Double Patterning 
0118. Another advantage of an conformal amorphous car 
bon deposition process is that a lower temperature process 
may be used as sacrificial layer on a resist pattern for double 
patterning technology. 
0119 For forming conformal amorphous carbon layer on 
a resist pattern, deposition conditions in embodiments may be 
as follows: 
I0120 Isoprene: 10-300 sccm (preferably 100-120 sccm) 
I0121 Argon: 0-3000 sccm (preferably 400-600 sccm) 
I0122) Nitrogen: 0-1000 sccm (preferably 400-600 sccm) 
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(0123 Process helium: 3000 sccm 
0.124 Sealed helium: 50 sccm 
0.125 Carrier helium: 300 sccm 
0126. Substrate temperature: 0-150° C. (preferably 0-50° 
C.) 
0127 RF power: 0.02 W/cm-7W/cm (including a range 
of 0.05-5 W/cm, and a range of 0.5-3 W/cm in embodi 
ments). 
0128 Pressure: 0.1-10 Torr (preferably 5-6 Torr) 
0129. Deposition time: 30 sec. 
0130. The obtained amorphous carbon film differ, depend 
ing on the process conditions, in an embodiments, shows a 
step coverage of more than 50%, a modulus in the range of 
approximately 6.5-7.5 GPa. and hardness in the range of 
approximately 0.3-0.5 GPa. Additionally, in another embodi 
ment, the density of the amorphous carbon film may be more 
than 0.9 g/cm. Further, in anther embodiment, RI(n)(a)633 
nm is in the range of approximately 1.57-1.60. FIG. 6 illus 
trates a cross-sectional view of a conformal amorphous car 
bon layer 64 formed on a photoresist pattern 63 for lithogra 
phy under the following conditions. 
0131) Isoprene: 100-120 sccm 
0132 Argon: 600 sccm 
0133) Nitrogen: 800 sccm 
0134 Process helium: 3.0 slim 
0135 Seal helium: 50 sccm 
0.136 Carrier helium: 300 sccm 
0137 Pressure: 733 Pa 
I0138 RF power: 1.27W/cm (400W) 
0.139. Deposition time: 30 sec 
0140. Substrate temp.: 0-25° C. 
0141. In FIG. 6, the photoresist pattern 63 is formed on a 
BARC layer 62 formed on a SiON layer 61. The photoresist 
pattern had a width of 30 nm, a height of 60 nm to 90 nm, and 
an interval of 90 nm. The conformal amorphous hydroge 
nated carbon layer was formed on a side wall at a thickness of 
30 nm. The conformal ratio of the layer was about one and the 
step coverage was about 50%. 
0142. As illustrated in FIG. 6, amorphous carbon layer can 
be deposited highly conformal and completely covers side 
walls of the photoresist patterns, further, forming a gap 
between respective facing portions of the amorphous carbon 
layer on the sidewalls of the photoresist patterns. 
0143 FIG. 10 shows double patterning processes using a 
conformal amorphous hydrogenated carbon layer according 
to an embodiment. On a substrate 104, a BARC is formed. A 
photoresist 102 is formed by photolithography. A conformal 
amorphous hydrogenated carbon layer 102 is then deposited 
and coversall exposes surfaces as shown in FIG. 10A, accord 
ing to any of the disclosed embodiments. The structures are 
subject to dry etching, thereby etching a top layer 105 and a 
bottom layer 106 and leaving a side wall 107 as shown in FIG. 
10B. Activated ions etch predominantly the top layer 105 and 
the bottom layer 106 due to their vertical directionality of 
reaction. The photoresist 102 is then etched, thereby leaving 
the side walls 107 arranged at constant intervals as shown in 
FIG. 10C. BARC etching is then conducted so as to produce 
contact array comprising protrusions 107, 108. 
0144. It will be understood by those of skill in the art that 
numerous and various modifications can be made without 
departing from the spirit of the present invention. Therefore, 
it should be clearly understood that the forms of the present 
invention are illustrative only and are not intended to limit the 
Scope of the present invention. 
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What is claimed is: 

1. A method of forming a conformal amorphous hydroge 
nated carbon layer on an irregular Surface of a semiconductor 
Substrate by plasma CVD, said irregular surface being con 
stituted by a top Surface and multiple recesses, each recess 
having a side wall and a bottom Surface, said side wall being 
Substantially or nearly perpendicular to the top surface, said 
bottom surface being substantially or nearly parallel to the top 
Surface, said method comprising: 

vaporizing a hydrocarbon-containing precursor, 
introducing said vaporized precursor and an argon gas into 

a CVD reaction chamber inside which the semiconduc 
tor Substrate is placed; 

depositing a conformal amorphous hydrogenated carbon 
layer on the irregular surface of the semiconductor Sub 
strate by plasma polymerization of the precursor, and 

controlling the deposition of the conformal ratio of the 
depositing conformal amorphous hydrogenated carbon 
layer, said controlling comprising (a) adjusting a step 
coverage of the conformal amorphous hydrogenated 
carbon layer to about 30% or higher as a function of 
Substrate temperature, and (b) adjusting a conformal 
ratio of the conformal amorphous hydrogenated carbon 
layer to about 0.9 to about 1.1 as a function of RF power 
and/or argon gas flow rate, 

said step coverage being defined as a ratio of an average 
thickness of a portion of the conformal amorphous 
hydrogenated carbon layer deposited on the side wall of 
the recess to an average thickness of a portion of the 
conformal amorphous hydrogenated carbon layer 
deposited on the top surface, said conformal ratio being 
defined as a ratio of a thickness of a portion of the 
conformal amorphous hydrogenated carbon layer 
deposited at a top of the side wall of the recess to a 
thickness of a portion of the conformal amorphous 
hydrogenated carbon layer deposited at a midpoint of 
the side wall of the recess or at a lowest point along the 
side wall of the recess if the lowest point is higher than 
the midpoint. 

2. The method according to claim 1, wherein the adjusting 
of the step coverage is performed at a Substrate temperature of 
about 50° C. or lower. 

3. The method according to claim 1, wherein the adjusting 
of the conformal ratio is performed at an RF power of about 
450 W or lower. 

4. The method according to claim 1, wherein the adjusting 
of the conformal ratio is performed at an argon gas flow rate 
of about 0.1 slim to about 0.8 slim. 

5. The method according to claim 1, wherein the recesses 
are formed by photo resist patterns each having a width of 10 
nm to 100 nm and a height of 10 nm to 100 nm, and arranged 
at intervals each being about three times the width, wherein 
the conformal amorphous hydrogenated carbon layer is 
deposited on the side wall of the recesses at a thickness which 
is about the same as the width of the photo resist pattern, 
thereby arranging the conformal amorphous hydrogenated 
carbon layer deposited on the side wall of the recesses at 
intervals each being about the same as the width of the photo 
resist pattern. 

6. The method according to claim 1, wherein the conformal 
amorphous hydrogenated carbon layer is constituted by car 
bon and hydrogen without fluorine. 
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7. The method according to claim 1, wherein the conformal 
amorphous hydrogenated carbon layer is constituted by car 
bon and hydrogen without dopants. 

8. The method according to claim 1, wherein the hydrocar 
bon-containing precursor has a carbon/hydrogen ratio (C/H) 
of 0.55 or higher. 

9. The method according to claim 1, wherein the hydrocar 
bon-containing precursor is cyclic. 

10. The method according to claim 9, wherein the hydro 
carbon-containing precursor is cyclopenten. 

11. The method according to claim 1, wherein the hydro 
carbon-containing precursor is non-cyclic. 

12. The method according to claim 11, wherein the hydro 
carbon-containing precursor is isoprene. 

13. The method according to claim 1, wherein the addi 
tional gases are helium/argon or helium/krypton. 
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14. The method according to claim 14, wherein the helium/ 
argon or helium/krypton is maintained at a ratio of the molar 
flow rate of approximately 5:1 to 10:1. 

15. The method according to claim 1, wherein the deposi 
tion of the amorphous hydrogenated carbon layer on the 
semiconductor Substrate by plasma polymerization is con 
ducted at an RF power of between approximately 10 Watt and 
approximately 1000 Watt, and at a reaction chamber pressure 
of between approximately 0.1 Torr and approximately 10 
Torr. 

16. The method according to claim 1, wherein the amor 
phous hydrogenated carbon layer depositing on the Substrate 
has a density of more than 0.9 g/cm. 

17. The method according to claim 16, wherein the amor 
phous hydrogenated carbon layer depositing on the Substrate 
has a compressive stress of between 0 and 100 MPa. 
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