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(57) ABSTRACT 

A dry-etching method comprises the step of dry-etching a 
metal thin ?lm as a chromium-containing ?lm, Wherein the 
method is characterized by using, as an etching gas, a mixed 
gas including (a) a reactive ion etching gas, Which contains 
an oxygen-containing gas and a halogen-containing gas, and 
(b) a reducing gas added to the gas component (a), in the 
process for dry-etching the metal thin ?lm. The dry-etching 
method permits the production of a photomask by forming 
patterns to be transferred to a Wafer on a photomask blank. 
The photomask can in turn be used for manufacturing 
semiconductor circuits. The method permits the decrease of 
the dimensional difference due to the coexistence of coarse 
and dense patterns in a plane and the production of a high 
precision pattern-etched product. 
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DRY-ETCHING METHOD AND APPARATUS, 
PHOTOMASKS AND METHOD FOR THE 

PREPARATION THEREOF, AND 
SEMICONDUCTOR CIRCUITS AND METHOD 

FOR THE FABRICATION THEREOF 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a method for 
dry-etching a metal thin ?lm and more speci?cally to a 
method and an apparatus for dry-etching such a metal thin 
?lm, Which is applied to a process for preparing a photomask 
Which is used in fabricating, for instance, a semiconductor 
device as Well as a dry-etching method Which is used in a 
pattern-etching process for forming a ?ne pattern of a metal 
thin ?lm such as ?ne electrode patterns (for a ?at panel 
display (FPD) or the like) and color ?lters. In addition, the 
present invention also pertains to a photomask Which is 
provided With a pattern formed using such a dry-etching 
method and a method for preparing the photomask as Well 
as a semiconductor circuit fabricated using such a photo 
mask and a method for fabricating the semiconductor cir 
cuit. 

[0003] 2. Description of the Prior Art 

[0004] As a photomask blank, there have been knoWn, for 
instance, those having such a structure as shoWn in FIG. 1, 
Which comprises a glass substrate a formed from, for 
instance, synthetic quartZ glass; a light-shielding ?lm b 
consisting of a thin ?lm of a metal such as chromium, 
formed on the surface of the substrate; and a resist layer c of 
a light-sensitive/electron-sensitive resin, Which is formed on 
the light-shielding ?lm. The glass substrate a may serve as 
a support for patterns and therefore, must have a variety of 
desired characteristic properties such as high transmittance, 
high uniformity, defect-free characteristics, resistance to 
Washing and excellent ?atness. In addition, the light-shield 
ing ?lm b may serve as a light-shielding material for 
patterning and therefore, should satisfy the desired require 
ments for various properties such as etching controllability, 
uniformity, defect-free characteristics, resistance to Wash 
ing, loW stress and high adhesion to the glass substrate. 
Moreover, the resist layer c has a role as a ?lm for forming 
the light-shielding ?lm and accordingly, should have a 
variety of desired characteristic properties such as high 
sensitivity/high resolution, resistance to etching, uniformity, 
defect-free characteristics and high adhesion to the light 
shielding ?lm. 

[0005] A photomask provided thereon With a ?ne electric 
circuit pattern has been prepared by Wet-etching or dry 
etching a chromium light-shielding ?lm using a photomask 
blank having such a structure according to the electron beam 
patterning process or the laser beam patterning process. An 
example of such a mask-processing scheme is shoWn in 
FIG. 2. 

[0006] In the Wet-etching, there have recently been high 
lighted a limit in the dimension control due to the undercut 
and a limit in the verticality of the etched cross section, and 
the dry-etching technique has thus been Widely used instead. 

[0007] The dry-etching methods for preparing a photo 
mask and the dry-etching apparatus for practicing the meth 
ods are described in, for instance, J.P. KOKAI No. Hei 
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6-347996, the disclosure of Which is hereby incorporated by 
reference. In this dry-etching technique, a chromium ?lm is 
etched using a gas comprising, for instance, chlorine gas to 
Which oxygen gas is added, as a reactive ion etching gas. 

[0008] Moreover, the dry-etching method for preparing a 
photomask of a chromium-containing ?lm is disclosed in, 
for instance, Japanese Patent No. 2,765,065, the disclosure 
of Which is hereby incorporated by reference. This patent 
discloses, in Examples, that When the chromium-containing 
?lm is dry-etched by this dry-etching method While using a 
resist ?lm of a positive electron beam resist EBR-9 (Which 
is available from Toray Industries, Inc.) as a mask and a 
mixed gas comprising 160 SCCM of chlorine gas, 40 SCCM 
of oxygen gas and 160 SCCM of Wet air as a dry-etching 
gas, there is not observed any change in the etching rate of 
the electron beam resist ?lm, While the etching rate of the 
chromium-containing ?lm increases and the selective (or 
etching) ratio against the resist ?lm is improved. As a result, 
the chromium-containing ?lm can suf?ciently be patterned 
by this dry-etching technique. In this connection, the Wet air 
(160 SCCM) in the mixed etching gas comprises about 128 
SCCM of nitrogen gas and about 32 SCCM of oxygen gas 
corresponding to the component ratio of nitrogen to oxygen 
in the air Which is equal to 4:1. 

[0009] In addition, the semiconductor circuit has recently 
become more and more ?ner and the siZe of the semicon 
ductor circuit is increasingly reduced from 0.2 pm to 0.15 
pm. For instance, in case of a semiconductor circuit fabri 
cated using a conventional photomask, the dimensional error 
observed for the memory circuit portion is large as compared 
With that observed for the peripheral circuit portion in the 
memory circuit Which comprises the memory circuit portion 
and the peripheral circuit portion, While such an error is also 
large even in the logic circuit and thus these errors may 
adversely affect the characteristic properties of the resulting 
circuit. For this reason, there has been desired for the 
development of a photomask Which permits the fabrication 
of a circuit Whose dimensional difference betWeen circuits 
Within a semiconductor chip is as loW as possible. 

[0010] If a chromium ?lm as a light-shielding ?lm is 
subjected to dry-etching using a chlorine-containing gas and 
if a pattern is formed on a plane at an almost uniform 
density, the ?lm can be chromium-etched at an approxi 
mately uniform rate throughout the Whole surface and 
accordingly, the dimensional control Within a plane can be 
achieved to such an extent that the in-plane uniformity 3 o 
(3><the variance of (measured line Width-averaged line 
Width)) ranges from 20 to 60 nm for the line Width ranging 
from 1 to 2 pm. 

[0011] HoWever, dense patterns (patterns Whose area 
occupied by a resist is small) and coarse patterns (patterns 
Whose area occupied by a resist is large) often coexist in the 
plane of a practical photomask and if the dry-etching tech 
nique is used for forming such a photomask, the etching rate 
of a chromium ?lm is high at the densely patterned portion 
and loW at the coarsely patterned portion. As a result, the 
dimensional difference Within a plane reaches up to about 
100 nm for a designed line Width ranging from 1 to 2 pm. 
A photomask having such a large dimensional difference 
Within the plane cannot be used for the fabrication of, for 
instance, circuits having a higher integration density such as 
memory circuits, logic circuits and LSI circuits. 
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[0012] The Japanese Patent No. 2,765,065 described 
above does not relate to the solution of the foregoing 
problems, but relates to the improvement of the selective 
ratio of a chromium ?lm to a resist ?lm. 

SUMMARY OF THE INVENTION 

[0013] Accordingly, an object of the present invention is 
generally to solve the foregoing problems associated With 
the conventional technique or an improved dry-etching 
technique as a means for forming a ?ne pattern, Which 
permits the reduction of the dimensional difference due to 
the coexistence of coarse and dense patterns Within a plane, 
for instance, a dry-etching technique for manufacturing a 
chromium-containing photomask. More speci?cally, it is an 
object of the present invention to provide a dry-etching 
method and a dry-etching apparatus, Which permit the 
production of a high precision photomask by reducing the 
dimensional difference due to the coexistence of coarse and 
dense patterns Within a plane. 

[0014] Another object of the present invention is to pro 
vide a method for preparing a photomask using the forego 
ing dry-etching method and to provide a photomask thus 
prepared. 
[0015] A further object of the present invention is to 
provide a method for fabricating a semiconductor device 
using the photomask and a semiconductor circuit fabricated 
by the method. 

[0016] The inventors of the present invention have con 
ducted various studies to achieve the foregoing objects, have 
found that even in the production of a photomask in Which 
dense patterns and coarse patterns coexist in the plane 
thereof, the use of a mixed etching gas comprising an 
oxygen-containing halogen gas such as an oxygen-contain 
ing chlorine gas (e.g., Cl2+O2), to Which at least a hydrogen 
containing gas (e.g., H2, hydrogen chloride (HCl) gas) is 
added, in the etching of the chromium ?lm permits the 
achievement of in-plane dimensional control almost identi 
cal to that achieved for a mask in Which patterns are formed 
in the plane at an almost uniform density, i.e., such in-plane 
dimensional control that the dimensional difference is not 
more than a half of that conventionally attained, for instance, 
10 to 50 nm (0.010 to 0.050 pm) and thus have completed 
the present invention on the basis of such a ?nding for the 
designed line Width ranging from 1 to 2 pm. 

[0017] According to a ?rst aspect of the present invention, 
there is provided a dry-etching method characteriZed by 
using, as an etching gas, a mixed gas including (a) at reactive 
ion etching gas, Which contains an oxygen-containing gas 
and a halogen-containing gas, and (b) a reducing gas added 
thereto, in a process for dry-etching a metal thin ?lm. 

[0018] According to a second aspect of the present inven 
tion, there is provided a method for preparing a photomask 
by performing a series of pattern-forming steps such as a 
step for forming a resist layer on a photomask blank, a step 
for exposing and patterning the resist layer, a developing 
step, a step for etching the photomask blank and a step for 
removing the resist layer and Which is characteriZed in that 
patterns to be transferred onto a Wafer are formed on the 
photomask blank according to the dry-etching method 
described above to thus give a photomask. 

[0019] According to a third aspect of the present inven 
tion, there is provided a photomask Which is prepared 
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through a series of pattern-forming steps such as a step for 
forming a resist layer on a photomask blank, a step for 
exposing and patterning the resist layer, a developing step, 
a step for etching the photomask blank and a step for 
removing the resist layer and Which is characteriZed in that 
patterns to be transferred onto a Wafer are formed on the 
photomask blank according to the dry-etching method 
described above to thus give a photomask. 

[0020] According to a fourth aspect of the present inven 
tion, there is provided a method for manufacturing a semi 
conductor circuit Which comprises the steps of transferring 
the patterns formed on the photomask according to the third 
aspect of the invention on a Wafer on Which a light-sensitive 
material is coated, developing the light-sensitive material to 
form resist patterns on the Wafer, to manufacture a semi 
conductor circuit Which comprises coexisting coarse and 
dense patterns corresponding to the resist patterns. 

[0021] According to a ?fth aspect of the present invention, 
there is provided a semiconductor circuit Which has a circuit 
comprising coexisting coarse and dense patterns corre 
sponding to the resist patterns formed by transferring the 
resist patterns formed on the photomask according to the 
third aspect of the invention on a Wafer on Which a light 
sensitive material is coated and then developing the light 
sensitive material. 

[0022] According to a sixth aspect of the present inven 
tion, there is provided a dry-etching apparatus used in 
dry-etching a metal thin ?lm, Which is provided With a 
sequencer for establishing dry-etching conditions, Wherein 
the metal thin ?lm is a chromium-containing ?lm; Wherein 
if an etching gas used consists of chlorine, oxygen and 
hydrogen gases, the relative ?oW rates of these gases as 
expressed in terms of % by volume range from 73 to 46, 19 
to 11 and 9 to 42% by volume, respectively, or if an etching 
gas used consists of chlorine, oxygen and hydrogen chloride 
gases, the relative ?oW rates of these gases as expressed in 
terms of % by volume range from 70 to 36, 18 to 9 and 13 
to 55% by volume, respectively; and Wherein the apparatus 
is designed in such a manner that When inputting the 
parameters relating to the foregoing dry-etching conditions, 
directly or through a memory device of a computer, to the 
sequencer and then starting the dry-etching process, the 
dry-etching is automatically carried out under the foregoing 
dry-etching conditions. 

[0023] According to a seventh aspect of the present inven 
tion, there is provided a dry-etching apparatus Which com 
prises an etching chamber, a transport chamber, a substrate 
cassette bed and a sequencer for establishing dry-etching 
conditions, Wherein four electromagnets each comprising a 
square-shaped ring-like coil are provided on the outer side of 
the etching chamber, tWo each of these electromagnets being 
opposite to one another and making a pair, these electro 
magnets being so designed that When applying a loW fre 
quency current Which is 90 deg. out of phase thereto, the 
combined magnetic ?eld established by these tWo paired 
electromagnets can rotate in a plane parallel to a substrate at 
a frequency identical to that of the loW frequency current, an 
RF electrode and an opposite electrode are disposed in the 
etching chamber, a transport robot for transporting the 
substrate is provided in the transport chamber, the transport 
robot being a tWo-joint robot having tWo knots, the tip of a 
transport arm thereof being able to undergo advancing, 
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reciprocating and rotating motions due to the composition of 
rotational motions of a motor axis and these tWo knots 
Within each horizontal plane, the robot thus transporting the 
substrate, Wherein a metal thin ?lm to be dry-etched is a 
chromium-containing ?lm, Wherein if an etching gas used 
consists of chlorine, oxygen and hydrogen gases, the relative 
?oW rates of these gases as expressed in terms of % by 
volume range from 73 to 46, 19 to 11 and 9 to 42% by 
volume, respectively, or if an etching gas used consists of 
chlorine, oxygen and hydrogen chloride gases, the relative 
?oW rates of these gases as expressed in terms of % by 
volume range from 70 to 36, 18 to 9 and 13 to 55% by 
volume, respectively, and Wherein the apparatus is designed 
in such a manner that When inputting the parameters relating 
to the foregoing dry-etching conditions, directly or through 
a memory device of a computer, to the sequencer and then 
starting the dry-etching process, the dry-etching is automati 
cally carried out under the foregoing dry-etching conditions. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0024] The aforementioned and other objects, features and 
advantages of the present invention Will be become more 
apparent from the folloWing description taken With reference 
to the accompanying draWings, Wherein 

[0025] FIG. 1 is a cross sectional vieW shoWing the 
structure of a photomask blank; 

[0026] FIG. 2 is a mask process ?oW diagram for explain 
ing the process for preparing a photomask; 

[0027] FIG. 3 is a partially cutaWay plan vieW shoWing a 
dry-etching apparatus used for carrying out the present 
invention; 

[0028] FIG. 4 is a cross sectional vieW of the dry-etching 
apparatus shoWn in FIG. 3 taken along the line A-A; 

[0029] FIG. 5(A) is a schematic plan vieW shoWing the 
arrangement of test patterns used in Example 1 and 

[0030] FIG. 5(B) shoWs the pattern arrangement as shoWn 
in FIG. 5(A) and is a schematic plan vieW shoWing the 
positions (or lines A-A‘ and B-B‘) along Which the cross 
sectional vieWs shoWn in FIGS. 6(A) and 6(B) are taken; 

[0031] FIG. 6(A) is a ?oW diagram for explaining the 
preparation of measuring patterns (or test patterns) at a 
densely patterned portion along the line (A-A‘) in FIG. 5(B), 
and 

[0032] FIG. 6(B) is a ?oW diagram for explaining the 
preparation of measuring patterns at a coarsely patterned 
portion along the line (B-B‘) in FIG. 5(B); 

[0033] FIG. 7 is a graph shoWing the in?uence of the ?oW 
rate of added hydrogen gas to the etching gas, on the change 
of the etching rate of chromium and resist and that of 
range/average; 

[0034] FIG. 8 is a graph shoWing the in?uence of the 
addition of hydrogen gas to the etching gas, on the change 
of the dimensional difference due to the coexistence of 
coarse and dense patterns observed When the test pattern 
shoWn in FIG. 5 is formed by etching; 

[0035] FIG. 9 is a graph shoWing the in?uence of hydro 
gen gas to the etching gas, on the change of the dimension 
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of densely patterned portion observed When the test pattern 
shoWn in FIG. 5 is formed by etching; 

[0036] FIG. 10 is a graph shoWing the in?uence of the 
?oW rate of added hydrogen gas to the etching gas, on the 
change of the dimension of coarsely patterned portion 
observed When the test pattern shoWn in FIG. 5 is formed by 
etching; 
[0037] FIG. 11 is a graph shoWing the in?uence of the 
addition of hydrogen chloride gas or NH3 gas to the etching 
gas, on the change of the dimensional difference due to the 
coexistence of coarse and dense patterns observed When the 
test pattern shoWn in FIG. 5 is formed by etching, in 
comparison With the in?uence of hydrogen gas; 

[0038] FIG. 12 is a graph shoWing the in?uence of the 
?oW rate of added hydrogen chloride gas to the etching gas, 
on the change of the etching rate of chromium and resist and 
that of range/average; 

[0039] FIG. 13 is a graph shoWing the in?uence of the 
?oW rate of added NH3 to the etching gas, on the change of 
the etching rate of chromium and resist and that of range; 

[0040] FIG. 14 is a schematic diagram shoWing the struc 
ture of a memory circuit of the present invention, Which 
comprises a memory circuit portion and a peripheral circuit 
portion; and 

[0041] FIG. 15 is a schematic diagram shoWing the struc 
ture of a system LSI circuit of the present invention Which 
comprises combined memory circuit and logic circuit por 
tions. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0042] The dry-etching method according to the present 
invention is carried out using, as a reactive etching gas, a 
mixed gas comprising (a) a reactive etching gas, Which 
consists of an oxygen-containing gas and a halogen-con 
taining gas, and (b) a reducing gas added thereto in the 
process for dry-etching a metal thin ?lm. This metal thin 
metal includes a thin ?lm comprising Al, Au, Pt, Ag, Si, Ge, 
Cr, Fe, Cu, Ni, Ta, Mo, W or Zr, or an alloy of tWo or more 
metals selected from these metals. In addition, this metal 
thin ?lm may be a thin ?lm such as a metal ?lm, a metal 
oxide ?lm, a metal nitride ?lm, a metal ?uoride ?lm or a 
laminated ?lm thereof. 

[0043] In addition, the reducing gas used herein may be a 
gas containing at least hydrogen, i.e., hydrogen gas; a 
hydrocarbon gas selected from the group consisting of 
CnH2n+2 (n=1 to 8), CDH2n (n=2 to 10), CnH2n_2 (n=2 to 8); 
an alcoholic gas selected from the group consisting of 

CH3OH, CZHSOH, CH3CH2CH2OH, (CH3)2CHOH, 
(CH3)3COH, CH2=CHCH2OH; a hydrogen halide gas 
selected from the group consisting of HF, HCl, HBr and HI; 
ammonia gas; or Water. 

[0044] If the metal thin ?lm is a chromium-containing 
?lm, and if the etching gas or the mixed gas used consists of 
chlorine, oxygen and hydrogen gases, the ?oW rates of these 
gases as expressed in terms of % by volume preferably range 
from 73 to 46, 19 to 11 and 9 to 42% by volume, respec 
tively, While if the mixed gas used consists of chlorine, 
oxygen and hydrogen chloride gases, the ?oW rates of these 
gases as expressed in terms of % by volume preferably range 
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from 70 to 36, 18 to 9 and 13 to 55% by volume, respec 
tively. This is because if the How rates each is beyond the 
foregoing range, it is dif?cult to obtain a highly precision 
photomask having a reduced dimensional difference due to 
the coexistence of coarse and dense patterns in a plane. 

[0045] Moreover, the oxygen-containing gas used in the 
invention may be a gaseous oxygen-containing compound 
Which can be an oxygen source, such as O2, CO, CO2, NO 
and N20 and the halogen-containing gas usable herein may 
be a gaseous halogen (such as chlorine, ?uorine)-containing 
compound such as chlorine gas, CCl4, CFZCIZ, CFCl3 or 
CF3Cl, Which is a commonly used reactive ion etching gas. 

[0046] The dry-etching apparatus used for practicing the 
method of dry-etching the metal thin ?lm according to the 
present invention is not restricted to any particular one and 
may be, for instance, an apparatus Which makes use of a 
variety of systems such as barrel type, RIE, MERIE, ICP, 
NLD and ECR. Preferred are those depicted in FIGS. 3 and 
4, Which are equipped With a sequencer for establishing 
dry-etching conditions, Wherein if the metal thin ?lm is a 
chromium-containing ?lm and if the mixed gas used as 
etching gas consists of chlorine, oxygen and hydrogen gases, 
the How rates of these gases as expressed in terms of % by 
volume range from 73 to 46, 19 to 11 and 9 to 42% by 
volume, respectively; or Wherein if the mixed gas used as 
etching gas consists of chlorine, oxygen and hydrogen 
chloride gases, the How rates of these gases as expressed in 
terms of % by volume range from 70 to 36, 18 to 9 and 13 
to 55% by volume, respectively; and Wherein the apparatus 
is designed in such a manner that When inputting the 
parameters relating to the foregoing dry-etching conditions, 
directly or through a memory device of a computer, to the 
sequencer and then starting the dry-etching process, the 
dry-etching is automatically carried out under the foregoing 
dry-etching conditions. 

[0047] The dry-etching apparatus equipped With the fore 
going sequencer according to the present invention com 
prises an etching chamber, a transport chamber and a sub 
strate cassette bed, Wherein four electromagnets each 
comprising a square-shaped ring-like coil are provided on 
the outer side of the etching chamber, tWo each of these 
electromagnets being opposite to one another and making a 
pair, these electromagnets being so designed that When 
applying a loW frequency current Which is 90 deg. out of 
phase thereto, the combined magnetic ?eld established by 
these tWo paired electromagnets can rotate in a plane parallel 
to the substrate at a frequency identical to that of the loW 
frequency current, an RF electrode and an opposite electrode 
being disposed in the etching chamber, a transport robot for 
transporting the substrate being provided in the transport 
chamber, the transport robot being a tWo-joint robot having 
tWo knots, the tip of the transport arm thereof being able to 
undergo advancing, reciprocating and rotating motions due 
to the composition of rotational motions of a motor axis and 
these tWo knots Within each horiZontal plane, and the robot 
thus transporting the substrate. 

[0048] In Examples given later, all of the pressure, RF 
electric poWer, magnetic ?eld, distance betWeen electrodes, 
kinds of etching gases and the How rate ratio: Cl2/O2 in the 
etching gas mixture are ?xed to predetermined values 
respectively, but they are not restricted to these speci?c 
values and the dry-etching operations may be performed 

Oct. 24, 2002 

under the folloWing conditions, if an MERIE apparatus is, 
for instance, used: 

Pressure: 
RF Electric Power: 

1.3 to 66.7 Pa (10 to 500 mTorr) 
10 to 300 W 
(RF Electric Power density: 
0.10 to 0.4 W/cm2) 

FloW Rate Ratio, O2/(Cl2 + O2): 10 to 25% 
Cl2/O2: 20 to 160/5 to 100 SCCM 
Magnetic Field: 0 to 150 Gs 
Interelectrode Distance: 40 to 120 mm 

[0049] According to the present invention, a photomask 
can be prepared by a series of Well-knoWn pattern-forming 
steps such as a step for forming a resist layer on a photomask 
blank, a step for exposing and patterning the resist layer, a 
developing step, a step for etching the photomask blank and 
a step for removing the resist layer, Wherein patterns to be 
transferred onto a Wafer are formed oil the photomask blank 
using the dry-etching method described above as the dry 
etching process. In addition, the photomask of the present 
invention is characteriZed in that patterns to be transferred 
onto a Wafer are formed on a photomask blank using the 
dry-etching method described above as the dry-etching 
process among a series of the foregoing Well-knoWn pattern 
forming steps. 

[0050] The present invention further permits the manufac 
ture of a semiconductor circuit by transferring the resist 
patterns formed on the photomask produced by the forego 
ing method on a Wafer on Which a light-sensitive material is 
coated, developing the light-sensitive material to form the 
resist patterns on the Wafer, and then subjecting the Wafer to 
etching such as dry-etching or ion-implantation on the basis 
of the resist patterns thus formed on the Wafer to thereby 
form a circuit having patterns corresponding to the resist 
patterns. Examples of semiconductor circuits thus obtained 
include a memory circuit in Which patterns are regularly 
arranged, a logic circuit comprising randomly arranged 
patterns, and a system LSI circuit comprising combined 
memory and logic circuits. 

[0051] The folloWing are characteristic properties of the 
semiconductor circuit obtained using the photomask of the 
present invention. For instance, a memory circuit comprises 
a memory circuit portion on Which patterns are regularly 
arranged and a peripheral circuit portion on Which patterns 
are irregularly arranged to ensure the connection to the 
exterior and therefore, the areas occupied by the patterns in 
these circuit portions are different from one another. More 
speci?cally, in a gate-forming process in manufacturing a 
transistor Which has an important in?uence upon the char 
acteristics of the resulting circuit, the rate of area to be 
removed for patterning in the peripheral circuit portion is 
high as compared With that observed for the memory cell 
portion. The semiconductor circuit has recently become 
more and more ?ner and the siZe of the semiconductor 
circuit is increasingly reduced from 0.2 pm to 0.15 pm. In 
case of the semiconductor circuit fabricated using the pho 
tomask according to the present invention, the dimensional 
difference observed betWeen the memory cell and peripheral 
circuit portions is very small, the variation in the dimension 
is also small and therefore, the characteristics of the circuit 
are not adversely affected at all. For this reason, the present 
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invention permits the manufacture of an excellent semicon 
ductor circuit Whose memory cell and peripheral circuit 
portions have almost the same characteristic properties. 

[0052] The same effect is also observed for the logic 
circuit in Which patterns are randomly arranged and the 
distribution of the area to be removed for patterning is also 
random and thus the invention permits the manufacture of a 
quite excellent semiconductor circuit having a very loW 
dimensional difference Within the chip. The present inven 
tion can further be applied to the production of a system LSI 
circuit comprising a combination of a memory circuit por 
tion and a logic circuit portion. In this case, the memory 
circuit portion and the logic circuit portion differ from each 
other in the packing densities of devices and the densities of 
Wiring, but the dimensional difference betWeen the memory 
and logic circuit portions is very small and therefore, does 
not adversely affect the characteristic properties of the 
resulting circuit. As a result, a good semiconductor circuit 
can thus be produced, Which does not have any difference 
betWeen the memory and logic circuit portions in their 
characteristics. 

[0053] The present invention Will hereinafter be described 
in more detail With reference to the folloWing Examples and 
attached ?gures, but these Examples are given only for the 
purpose of illustration and the present invention is not 
restricted to these speci?c Examples at all. 

[0054] The dry-etching apparatus (MERIE apparatus) 
used in the folloWing Examples is shoWn in FIGS. 3 and 4. 
This dry-etching apparatus 1 is so designed that an etching 
chamber 2, a transport chamber 3 and a substrate cassette 
bed 4 are accommodated in a panel 12 Which constitutes the 
outer periphery of the dry-etching apparatus and that the 
etching chamber 2 is accommodated in electromagnets 5, 6, 
7, 8 disposed on the outer periphery of the chamber 2. Each 
electromagnet comprises a square-shaped ring-like coil, the 
electromagnets 5 and 6 and the electromagnets 7 and 8 make 
pairs respectively and a loW frequency current Whose phase 
is shifted, for instance, 90 deg. is passed through these 
electromagnets. These electromagnets are so designed that 
the coils of the paired electromagnets are Wound in the same 
direction and the combined magnetic ?eld established by 
these tWo paired electromagnets 5 and 6, and 7 and 8 can 
rotate in a plane parallel to the substrate at a frequency 
identical to that of the loW frequency current as shoWn by the 
dotted arroWs in FIGS. 3 and 4. Disposed Within the etching 
chamber 2 are a plate-like RF electrode 10 Which is con 
nected to an RF poWer supply 9 through a condenser 13 and 
a plate-like opposite electrode 14 and a substrate 11 may be 
placed on the RF electrode 10 through a substrate delivery 
port 15 formed on the side of the etching chamber 2. 

[0055] The opposite electrode 14 and the etching chamber 
2 are maintained at the ground voltage. To supply a reactive 
gas for etching to the etching chamber 2, a gas supply system 
16 is disposed at a reactive gas supply port 30, Which is 
provided With a gas bomb and a mass ?oW controller and an 
exhaust system 17 is connected to a vacuum exhaust port 18 
of the etching chamber 2, Which is equipped With a vacuum 
pump for controlling the gas pressure in the etching chamber 
2. The reactive gas herein used is one comprising an 
oxygen-containing mixed gas and a reducing gas at least 
containing hydrogen, as has already been discussed above. 

[0056] Aplurality of substrates 11 are accommodated in a 
cassette case 19, then the cassette case is put on the substrate 
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cassette bed 4, each substrate delivered from the cassette 
case 19 is brought into the transport chamber 3 through a 
partition valve 20 by the action of a transport robot 21 and 
then placed on the RF electrode 10 in the etching chamber 
2 through a vacuum valve 22 and the substrate delivery port 
15. The transport robot 21 is a knoWn tWo-joint robot having 
tWo knots 26 and 28 and is so designed that the tip of a 
transport arm 29 thereof can undergo reciprocating and 
rotating motions due to the composition of rotational 
motions of a motor axis 24 and these tWo knots 26 and 28. 
The motions of a ?rst arm 25 and a second arm 27 are 
restricted to only those Within the horiZontal planes. The 
movement of the tip of the transport arm 29 betWeen the 
cassette case 19 and the transport chamber 3 through the 
partition valve 20 and that of the tip of the transport arm 29 
betWeen the RF electrode 10 in the etching chamber 2 and 
the transport chamber 3 through the substrate delivery port 
15 are advancing and reciprocating motions due to the 
composition of rotational motions of each arm 25, 27, 29 of 
the robot at the motor axis 24 and the foregoing tWo knots 
26 and 28. The transport of the substrate betWeen the 
vacuum valve 22 at the upstream side of the substrate 
delivery port 15 and the partition valve 20 on the side of the 
cassette case 19 is performed by the half turn motion, Within 
a horiZontal plane, of the transport arm 29 of the robot, 
Wherein the motor axis 24 serves as a rotating center. If a 
motor 23 disposed on the exterior of the transport chamber 
3 is rotated, the plate-like transport arm 29 carrying a 
substrate 11 undergoes reciprocating and rotational motions 
to thus transport the substrate betWeen the cassette case 19 
and the RF electrode 10. 

[0057] When etching a pattern-forming material of the 
substrate 11 on the RF electrode 10, the etching chamber 2 
is evacuated by operating the exhaust system 17, folloWed 
by introduction of a reactive gas into the chamber 2 through 
the reactive gas supply port 30, excitation of the tWo pairs 
of electromagnets 5, 6, 7, 8 and application of an RF electric 
poWer to the RF electrode 10 to thus generate plasma. If the 
same loW frequency alternating current is passed through 
these tWo paired electromagnets 5 and 6, and 7 and 8 in the 
same direction, While shifting the phase of the current 
applied to either of the paired electromagnets 90 deg. 
relative to that of the other current, a rotating magnetic ?eld 
is established in a plane parallel to the substrate 11. The 
plasma generated betWeen the RF electrode 10 and the 
opposite electrode 14 is concentrated on the surface of the 
substrate 11 by the action of the rotating magnetic ?eld and 
this leads to an increase of its density. Thus, the reactive gas 
introduced into the chamber is highly ef?ciently dissociated 
and the substrate 11 is subjected to reactive ion-etching 
under such a condition that only a slight DC bias voltage is 
generated on the substrate. 

[0058] For instance, it is assumed that the dry-etching is 
carried out using, as the substrate 11, a photomask substrate 
Which comprises a transparent substrate of synthetic quartZ 
or the like, a thin layer of a pattern-forming material such as 
Cr, Cr provided With an antire?ection ?lm or SiO2 Which is 
applied onto the transparent substrate and a patterned pho 
toresist layer (for instance, a resist for EB exposure (e.g. 
ZEP-810S (trade name) available from Nippon Zeon Co., 
Ltd.)) provided on the pattern-forming material. In this case, 
if the substrate 11 is dry-etched With the introduced reactive 
gas under the same conditions used for the dry-etching of the 
IC substrate, this results in insuf?cient selection ratio of the 
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material to be etched to the resist and insufficient in-plane 
dimensional uniformity of the photomask since the photo 
mask substrate 11 is not made of silicon, but is made from 
synthetic quartz unlike the IC substrate and the pattern 
forming material applied thereon does not comprise poly Si 
or an oxide layer+poly Si, but comprises Cr, Cr provided 
With an antire?ection ?lm or SiO2, unlike the IC substrate. 
HoWever, the selection ratio and the in-plane dimensional 
uniformity can be improved and a highly precision photo 
mask can be produced if establishing the following dry 
etching conditions: a magnetic ?eld intensity ranging from 
50 to 150 Gs; a pressure of the reactive gas in the etching 
chamber 2 ranging from 0.03 to 0.3 Torr (4 to 40 Pa); and 
an RF electric poWer density on the RF electrode 10 ranging 
from 0.20 to 0.32 W/cm2. 

[0059] The folloWing are speci?c Examples of the present 
invention. 

EXAMPLE 1 

[0060] A dry-etching method carried out according to the 
present invention Will be described in this Example. Test 
patterns used in this Example are shoWn in FIGS. 5(A) and 
5(B) and the How diagrams for illustrating the preparation of 
test samples are shoWn in FIGS. 6(A) and 6(B). FIG. 6(A) 
is a How diagram, as expressed in terms of schematically 
cross sectional diagrams, for explaining the preparation of 
measuring patterns at a densely patterned portion along the 
line (A-A‘) in FIG. 5(B), and FIG. 6(B) is a How diagram, 
as expressed in terms of schematically cross sectional dia 
grams, for explaining the preparation of measuring patterns 
at a coarsely patterned portion along the line (B-B‘) in FIG. 
5(B). As Will be clear from the How diagrams shoWn in 
FIGS. 6(A) and (B), each test sample Was prepared through 
processes for (a) EB patterning, (b) developing, (c) etching 
and (d) removing the resist. In FIGS. 6(A) and (B), d 
represents a substrate, e represents a chromium ?lm and f 
represents a resist layer. The details of the etching processes 
shoWn in FIGS. 6(A) and (B) are as folloWs: 

[0061] The conditions for operating the MERIE apparatus 
as shoWn in FIGS. 3 and 4, Which permit the dry-etching of 
a chromium ?lm using a conventional chlorine-containing 
gas have already been described above, but in this Example, 
the test patterns as shoWn in FIGS. 5(A) and (B) Were 
formed by dry-etching a chromium photomask blank under 
the conditions disclosed in Table 1, using an etching gas 
comprising the foregoing gas system (Cl2/O2=80/20 SCCM) 
to Which hydrogen gas Was added in an amount speci?ed in 
the folloWing Table 1 and using the MERIE apparatus as 
shoWn in FIGS. 3 and 4, on the basis of the folloWing 
Working conditions of the apparatus among others: 

Pressure: 6.8 Pa (50 mTorr) 
RF Power Supply: 80 W 
Gas: Cl2/O2 = 80/20 SCCM 
Magnetic Field: 50 to 60 Gs 
Interelectrode Distance: 60 mm 

[0062] The photomask blank used in this Example Was 
one prepared by applying a single chromium layer in a 
thickness of about 800 to 900 A as a pattern-forming 
material onto the surface of a square-shaped synthetic quartZ 

Oct. 24, 2002 

substrate having a siZe of 1524x1524 mm and a thickness 
of 6.35 mm or further applying a single or tWo chromium 
layer provided With a chromium oxide-containing antire 
?ection ?lm in a thickness of about 150 A thereon and then 
applying a resist layer (ZEP-810S (trade name) available 
from Nippon Zeon Co., Ltd.) for EB exposure onto the layer 
of the pattern-forming material. Moreover, the test patterns 
as shoWn in FIGS. 5(A) and (B) comprised, after the EB 
exposure and the development, a dimension-evaluation pat 
tern (about 6.5 mm><35 mm) Which Was arranged at the 
central portion of the left half (dense portion) of the mask 
and Which included a plurality of L/S (Line and Space), ISO 
Line (Isolated L) and ISO Space (Isolated S) patterns 
therein; a completely removed pattern (the pattern of the 
exposed chromium having a siZe of 46 mm><54 mm) sur 
rounding these patterns; and a dimension-evaluation pattern 
Which Was arranged at the central portion of the right half 
(coarse portion) of the mask. 

[0063] ShoWn in FIG. 7 are the results thus observed 
When adding 0 to 72.1 SCCM of hydrogen gas to the etching 
gas, i.e. variations in the etching rate of chromium and resist 
and in the range/average as a function of the added amount 
of the hydrogen gas. In FIG. 7, the results Were obtained by 
using a chromium mask blank and a chromium mask blank 
on Which the above-mentioned EB resist is applied but is not 
patterned. As for the right longitudinal axis in FIG. 7, the 
range represents the difference betWeen the maximum value 
and minimum value of a thickness of the resist ?lm in a 
plane Which Were determined after etching and the average 
represents a mean value of the in-plane resist ?lm thickness, 
the range/average being expressed in terms of %. 

[0064] ShoWn in FIG. 8 are the results observed When 
forming test patterns (FIGS. 5(A) and Which comprised 
dense and coarse patterns arranged in a plane, or the 
variation of the dimensional difference betWeen the coarse 
and dense portions (i.e., the difference in the dimension 
betWeen the coarse and dense portions) as a function of the 
added amount of the hydrogen gas. In addition, shoWn in the 
folloWing Table 2 and FIGS. 9 and 10 are the changes in the 
dimension of the coarse and dense portions as a function of 
the amount of the hydrogen gas Which is added to the 
etching gas When the test patterns are formed through 
dry-etching. Moreover, the data shoWn in FIG. 8 are shoWn 
in FIG. 11 as a function of the added amount of the gases 
While comparing these results With those obtained in the 
other Examples. ShoWn in the folloWing Table 3 are the 
dimensional variation in the coarse and dense portions of the 
resist pattern obtained after the development as a function of 
the added amount of the hydrogen gas, hydrogen chloride 
gas or NH3 gas. 

[0065] The folloWing Were found, as a result of the dry 
etching performed under the conditions as mentioned in 
Table 1: 

[0066] As Will be seen from the results shoWn in FIG. 7, 
it Was observed that When the hydrogen gas is added to the 
etching gas, the etching rate of chromium increases as the 
added amount of the hydrogen gas increases, is at the highest 
When adding about 20 to 45 SCCM of the hydrogen gas and 
decreases as the added amount of the hydrogen gas increases 
even further; the etching rate of the resist increases as the 
added amount of the hydrogen gas increases; and as for the 
in-plane resist ?lm thickness, the range/average, i.e. ((Maxi 
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mum ?lm thickness-Minimum ?lm thickness)/mean ?lm 
thickness)><100 (%), decreases as the added amount of the 
hydrogen gas increases. 

[0067] As Will be seen from the results shoWn in Table 2 
and FIGS. 8 and 11, there Was observed a dimensional 
difference of about 90 nm (0.090 pm) betWeen the coarse 
and dense portions When any hydrogen gas Was not added to 
the etching gas, While the dimensional difference therebe 
tWeen is reduced as the added amount of the hydrogen gas 
increases. More speci?cally, When an increasing amounts of 
hydrogen gas ranging from 10 to 72.1 SCCM Were added as 
in Sample Nos. 1-2, 1-3, 1-4 and 1-5, the dimensional 
difference betWeen the coarse and dense portions of the 
pattern Was found to be about 0.040 to 0.009 pm Which 
corresponded to about 1/2.2 to 1/10 times that (0.090 pm) 
observed When any hydrogen gas Was not added. This 
clearly indicates that the problem of the dimensional differ 
ence betWeen the coarse and dense portions is considerably 
eliminated. As shoWn in Table 1, the gas ?oW rates of C12, 
02 and H2 and the relative ?oW rates (as expressed in terms 
of % by volume) used in the dry-etching of the samples 1-2, 
1-3, 1-4 and 1-5 are 80,20 and 10 to 72.1 SCCM and 72.73 
to 46.48, 18.18 to 11.62 and 9.09 to 41.89% by volume, 
respectively. 
[0068] As Will be seen from the results shoWn in Table 1 
and FIGS. 9 and 10, it Was observed that the dimensions of 
the dense portions do not almost change due to the addition 
of the hydrogen gas, While the dimension of the coarse 
portion changes by a large amount until the added amount of 
the hydrogen gas reaches 30 SCCM and the change in the 
dimension of the coarse portion is reduced When the added 
amount of hydrogen gas is beyond 30 SCCM. As a result, the 
dimension of the coarse portion is close to that of the dense 
portion and therefore the dimensional difference betWeen the 
dense and coarse portions becomes small. 

[0069] As has been discussed above, it has been proved 
that the conditions for dry-etching the samples 1-2, 1-3, 1-4 
and 1-5 are optimum ones and accordingly, the apparatus 
Was so designed that the parameters relating to the foregoing 
dry-etching conditions listed in Table 1 Were inputted, 
directly or through a memory device of a computer, to the 
sequencer and then the dry-etching process Was started to 
automatically carry out the dry-etching under the foregoing 
optimum dry-etching conditions. 

EXAMPLE 2 

[0070] A dry-etching method carried out according to the 
present invention Will be described in this Example. The loW 
re?ection chromium photomask blank and the test patterns 
used in this Example Were the same as those used in 
Example 1. The scheme for preparing the test samples Were 
the same as that used in Example 1 except that ZEP7000 (the 
trade name of a product available from Nippon Zeon Co., 
Ltd.) Was substituted for the ZEP-810S as the resist for the 
EB exposure in the EB patterning process and that hydrogen 
chloride (HCl) gas, as the gas to be added to the etching gas, 
Was substituted for the hydrogen gas (H2) used in Example 
1 in the etching step. The pattern-forming conditions are 
listed in the folloWing Table 1 together With those used in 
Example 1. 

[0071] HCl gas Was added to the etching gas in an amount 
ranging from 0 to 120 SCCM in this Example. Regarding the 
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results observed after carrying out the etching under the 
conditions speci?ed in Table 1, the change in the etching rate 
of each of chromium and resist and that in the range/ average 
are shoWn as a function of the added amount of HCl gas in 
FIG. 12. In FIG. 12, the results Were obtained by using a 
chromium mask blank on Which the above-mentioned EB 
resist is applied, Without any patterning, as in this case of 
FIG. 7. As for the right longitudinal axis in FIG. 12, the 
range/average is the same as that shoWn in FIG. 7. 

[0072] ShoWn in FIG. 11 are the results observed When 
forming test patterns (FIGS. 5(A) and Which comprised 
dense and coarse patterns arranged in a plane. Namely, the 
change in the averaged dimensional difference betWeen the 
coarse and dense portions (i.e., the difference in the dimen 
sion betWeen the coarse and dense portions) as a function of 
the added amount of the HCl gas Was shoWn in FIG. 11 
While comparing these results With those obtained in 
Example 1 in Which hydrogen gas Was used as the added gas 
component. In addition, shoWn in the folloWing Table 2 are 
the change in the dimension of the coarse and dense portions 
as a function of the amount of the hydrogen chloride gas 
Which is added to the etching gas When the test patterns are 
formed through dry-etching, together With the results 
obtained in Example 1 in Which hydrogen gas is added. 
ShoWn in the folloWing Table 3 are the dimensional varia 
tion in the coarse and dense portions of the resist pattern 
obtained after the development as a function of the added 
gas and an added amount thereof. 

[0073] As Will be seen from the results shoWn in FIG. 12, 
When adding the hydrogen chloride gas to the etching gas, 
the etching rate of chromium is at the highest When adding 
about 30 to 40 SCCM of the hydrogen chloride gas and 
decreases as the added amount of the hydrogen chloride 
increases even further, While the etching rate of chromium 
increases by increasing an amount of oxygen. In addition, it 
Was observed that the etching rate of the resist increased 
until the added amount of the hydrogen chloride gas reaches 
15 SCCM and, even if the added amount of the hydrogen 
chloride gas increased even further, the etching rate Was kept 
at a constant rate until the added amount reaches 120 SCCM. 

[0074] As Will be seen from the data shoWn in Table 2 and 
FIG. 11, the results of Sample Nos. 2-2, 2-3, 2-4 and 2-5 
indicate that When HCl gas Was added in an amount ranging 
from 15 to 120 SCCM to the etching gas, the dimensional 
difference betWeen the coarse and dense portions of the 
patterns Was in the range of from about 0.027 to 0.050 pm 
Which corresponded to about 1/32 to 1/1.8 times that (0.088 
pm) observed When any HCl gas Was not added. This clearly 
indicates that the problem of the dimensional difference 
betWeen the coarse and dense portions is considerably 
eliminated. The result of dimensional difference may further 
be improved by optimiZing the relative ?oW rates of gas 
components in the etching gas. As shoWn in Table 1, the gas 
?oW rates of C12, 02 and HCl and the relative ?oW rates 
(expressed in terms of % by volume) used in the dry-etching 
of the samples 2-2, 2-3, 2-4 and 2-5 are 80, 20 and 15 to 120 
SCCM; and 69.57 to 36.36, 17.39 to 9.09 and 13.04 to 
54.54% by volume, respectively. 

[0075] Moreover, the etching operation may be safer by 
the use of HCl gas in place of hydrogen gas as the added gas. 

[0076] As has been described above in detail, it has been 
proved that the conditions for dry-etching the samples 2-2, 
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2-3, 2-4 and 2-5 are optimum ones and accordingly, the 
apparatus Was so designed that the parameters relating to the 
foregoing dry-etching conditions listed in Table 1 Were 
inputted, directly or through a memory device of a computer, 
to the sequencer and then the dry-etching process Was 
started to automatically carry out the dry-etching under the 
foregoing optimum dry-etching conditions. 

EXAMPLE 3 

[0077] A dry-etching method carried out according to the 
present invention Will be described in this Example. The loW 
re?ection chromium photomask blank and the test patterns 
used in this Example Were the same as those used in 
Example 1. The scheme for preparing the test samples Were 
the same as that used in Example 1 except that ZEP7000 (the 
trade name of a product available from Nippon Zeon Co., 
Ltd.) Was substituted for the ZEP-810S as the resist for the 
EB exposure in the EB patterning process and that NH3 gas, 
as the gas to be added to the etching gas, Was substituted for 
the hydrogen gas (H2) used in Example 1 in the etching step. 
The pattern-forming conditions are listed in the folloWing 
Table 1 together With those used in Examples 1 and 2. 

[0078] HCl gas Was added to the etching gas in an amount 
ranging from 0 to 120 SCCM in this Example. Regarding the 
results observed after carrying out the etching under the 
conditions speci?ed in Table 1, the change in the etching rate 
of chromium When adding NH3 to the etching gas in an 
amount ranging from 0 to 120 SCCM and that in the etching 
rate of resist When adding NH3 in an amount ranging from 
0 to 20 SCCM and the range/average are shown as a function 
of the added amount of NH3 gas in FIG. 13. In FIG. 13, the 
results Were obtained by using a chromium mask blank or a 
chromium mask blank on Which the above-mentioned EB 
resist is applied, Without any patterning, as in this case of 
FIG. 7. As for the right longitudinal axis in FIG. 13, the 
range/average is the same as that shoWn in FIG. 7. 

[0079] ShoWn in FIG. 11 are the results observed When 
forming test patterns (FIGS. 5(A) and Which comprised 
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dense and coarse patterns arranged in a plane. Namely, the 
change in the averaged dimensional difference betWeen the 
coarse and dense portions (i.e., the difference in the dimen 
sion betWeen the coarse and dense portions) as a function of 
the added amount of the NH3 gas Was shoWn in FIG. 11 
While comparing these results With those obtained in 
Example 1 in Which hydrogen gas Was used as the added gas 
component. In addition, shoWn in the folloWing Table 2 are 
the change in the dimension of the coarse and dense portions 
as a function of the amount of the NH3 gas Which is added 
to the etching gas When the test patterns are formed through 
dry-etching, together With the results obtained in Example 1 
in Which hydrogen gas is added and Example 2 in Which HCl 
gas is added. ShoWn in the folloWing Table 3 are the 
dimensional variation in the coarse and dense portions of the 
resist pattern obtained after the development as a function of 
the added gas and an added amount thereof. 

[0080] As Will be seen from the results shoWn in Table 2 
and FIG. 13, When adding the NH3 gas to the etching gas, 
the etching rate of chromium slightly increases until the 
added amount of the NH3 gas reaches 60 SCCM and 
decreases as the added amount of the NH3 gas increases even 
further. In addition, the etching rate of resist decreases a little 
until the added amount of the NH3 gas reaches 20 SCCM. 

[0081] As Will be seen from the data shoWn in Table 2 and 
FIG. 11, there is observed a dimensional difference of about 
0.075 pm betWeen the coarse and dense portions of the 
patterns When NH3 gas Was added in an amount 60 SCCM 
to the etching gas. Thus, it can be said that this dimensional 
difference of about 0.075 pm corresponded to about 1/1.2 
times that (0.090 pm) observed When any NH3 gas Was not 
added. 

[0082] Moreover, the etching operation may be safer by 
the use of NH3 gas in place of hydrogen gas as the added gas. 
It is difficult to further improve the dimensional difference of 
the coarse and dense portions of the patterns, even if the 
relative flow rate of the etching gases Were optimiZed. 

TABLE 1 

Pattern-Forming Conditions 

Dry-Etching Conditions 

Resist Layer RF Mag- Inter- Just Total 

Added Thickness Added Power Pres- netic electrode Etching Etching 
Ex. Etching Sample of Resist Cl2 O2 Gas Supply sure Field Distance Time Time 
No. Gas No. Resist SCCM SCCM SCCM W Pa Gauss mm sec sec 

1 H2 1-1 ZEP810S 3000 (80) (20) (0) 80 6.8 50-60 60 296 888 
80 20 0 

1-2 (72.73) (18.18) (9.09) 275 625 
80 20 10 

1-3 (65.79) (16.45) (17.76) 185 556 
80 20 21.6 

1-4 (55.83) (13.96) (30.22) 205 615 
80 20 43.3 

1-5 (46.48) (11.62) (41.89) 240 721 
80 20 72.1 

2 HCl 2-1 ZEP7000 4000 (80) (20) (0) 80 6.8 50-60 60 296 888 
80 20 0 

2-2 (69.57) (17.39) (13.04) 175 525 
80 20 15 

2-3 (61.54) (15.38) (23.08) 174 522 
80 20 30 










