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(57) ABSTRACT 

A dry etching method and apparatus are provided Which are 
capable of performing deep etching fabrication rapidly on a 
substrate of an InP-based compound semiconductor. Etching 
gas is fed into and exhausted from a reaction chamber so that 
an interior of the chamber is controlled to be under a 
predetermined pressure. Plasma is then generated in the 
reaction chamber by application of at least 13.56 MHZ 
high-frequency poWer to a ?at spiral discharge coil or a ?at 
antenna that is provided so as to face an InP-based com 
pound semiconductor substrate placed on a substrate elec 
trode in the reaction chamber, and the substrate is etched 
While a density of the plasma and ion energy that reaches the 
substrate are controlled. 
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DRY ETCHING METHOD AND APPARATUS 

[0001] This application is a divisional of US. Ser. No. 
10/197,465, ?led Jul. 18, 2002. 

BACKGROUND OF THE PRESENT 
INVENTION 

[0002] The present invention relates to a process of manu 
facturing a compound semiconductor, relates to a dry etch 
ing method for fabricating an InP or epitaxially groWn thin 
?lm thereof With satisfactory controllability and anisotropi 
cally, and particularly relates to a dry etching method and 
apparatus using ions generated by an induction coupling 
plasma (ICP) source or plasma having a high frequency in 
bands of VHF, UHF, and the like. 

[0003] Etching fabrication techniques for a compound 
semiconductor are used for manufacturing various com 
pound semiconductor elements such as a semiconductor 
laser and an optical modulator. Though Wet etching has been 
employed for etching of a compound semiconductor for a 
long time, increasing demand for improvement in unifor 
mity of fabrication dimensions in Wafer surfaces in recent 
years has promoted studies of dry etching techniques. 

[0004] Because of demand for miniaturiZation of, and dry 
processes for, such compound semiconductor devices, etch 
ing techniques superior in microfabrication properties and 
selectivity of types of material, and controllability of high 
speed processes or etching shapes have become particularly 
important in processes of manufacturing HBT (Heterojunc 
tion Bipolar Transistor), HEMT (High Electron Mobility 
Transistor) and the like that have been increasing in perfor 
mance With miniaturiZation. 

[0005] As dry etching methods for a compound semicon 
ductor as prior art have been used reactive ion etching (RIE), 
reactive ion beam etching (RIBE), and the like With use of 
mixed gas of chlorine-based gas and an inert gas such as 
argon, mixed gas of methane or halomethane and hydrogen, 
or the like. 

[0006] Control of anisotropy of fabrication shape, hoW 
ever, requires supply of considerable electric poWer, Which 
may cause plasma damage on surfaces of substrates or thin 
?lms and may make it dif?cult to ensure ?atness (specular 
ity) of the surfaces. 

[0007] For via hole fabrication that is extremely important 
for high-speed operation (electron mobility) of HEMT 
devices using InP, on the other hand, deep etching fabrica 
tion is required, for example, With a depth of at least not less 
than 20 pm, more preferably, not less than 100 pm. In other 
Words, a highly selective process is required and high-speed 
etching is indispensable for a resist mask; hoWever, it is 
dif?cult to perform such treatment Within a desired period of 
time With RIE plasma of the mixed gas of methane or 
halomethane and hydrogen. In addition, it has convention 
ally been difficult to obtain satisfactory fabrication shapes in 
etching of InP material With chlorine-based gas, because a 
vapor pressure of chloride of In has been loW. 

[0008] Therefore, an object of the present invention is to 
solve issues described above and to provide a dry etching 
method and apparatus that are capable of performing deep 
etching fabrication rapidly on a substrate of an InP-based 
compound semiconductor. 
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SUMMARY OF THE PRESENT INVENTION 

[0009] In order to achieve the object, the present invention 
is con?gured as folloWs. 

[0010] According to a ?rst aspect of the present invention, 
there is provided a dry etching method in Which etching gas 
is fed into a reaction chamber and exhaust of the reaction 
chamber is performed so that an interior of the reaction 
chamber is controlled to be under a predetermined pressure, 
in Which plasma is then generated in the reaction chamber by 
application of at least 13.56 MHZ high-frequency poWer to 
a ?at spiral discharge coil that is provided so as to face an 
InP-based compound semiconductor substrate placed on a 
substrate electrode in the reaction chamber, in Which the 
InP-based compound semiconductor substrate is etched 
While a density of the plasma is controlled by the high 
frequency poWer applied to the discharge coil and While ion 
energy that reaches the InP-based compound semiconductor 
substrate is controlled by application of a high-frequency 
voltage to the substrate electrode by a high-frequency poWer 
source for the substrate electrode, With such ion energy 
control being independent from plasma density control, and 
in Which mixed gas of hydrogen iodide (HI) gas and an inert 
gas is used as an etching gas. 

[0011] According to a second aspect of the present inven 
tion, there is provided a dry etching method in Which etching 
gas is fed into a reaction chamber and exhaust of the reaction 
chamber is performed so that an interior of the reaction 
chamber is controlled to be under a predetermined pressure, 
in Which plasma is then generated in the reaction chamber by 
application of at least 13.56 MHZ high-frequency poWer to 
a ?at antenna that is provided so as to face an InP-based 
compound semiconductor substrate placed on a substrate 
electrode in the reaction chamber, in Which the InP-based 
compound semiconductor substrate is etched While a density 
of the plasma is controlled by the high-frequency poWer 
applied to the antenna and While ion energy that reaches the 
InP-based compound semiconductor substrate is controlled 
by application of a high-frequency voltage to the substrate 
electrode by a high-frequency poWer source for the substrate 
electrode, With such ion energy control being independent 
from plasma density control, and in Which mixed gas of gas 
containing chlorine or hydrogen bromide or hydrogen chlo 
ride and an inert gas is used as an etching gas. 

[0012] According to a third aspect of the present inven 
tion, there is provided a dry etching method as de?ned in the 
?rst or second aspect, Wherein an angle of inclination of via 
holes or recesses that are formed in the InP-based compound 
semiconductor substrate by etching is changed With use of 
different types of gas as the etching gas. 

[0013] According to a fourth aspect of the present inven 
tion, there is provided a dry etching method as de?ned in the 
?rst aspect, Wherein an angle of inclination of via holes or 
recesses that are formed in the substrate by etching is 
changed With use, as the etching gas, a gas that is selected 
from a group consisting of inert gas, gas containing C12, gas 
containing BCl3, gas containing HBr, and gas containing 
HCl, With this selected gas being added to hydrogen iodide 
gas. 

[0014] According to a ?fth aspect of the present invention, 
there is provided a dry etching method as de?ned in the 
second aspect, Wherein an angle of inclination of via holes 
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or recesses that are formed in the substrate by etching is 
changed With use, as the etching gas, a gas that is selected 
from a group consisting of inert gas, gas containing BCl3, 
gas containing HBr, and gas containing HCl, With this 
selected gas added to gas containing C12. 

[0015] According to a siXth aspect of the present inven 
tion, there is provided a dry etching method as de?ned in any 
one of the ?rst to ?fth aspects, Wherein a frequency of the 
high-frequency poWer that is applied to the discharge coil or 
the antenna is any one of 27.12 MHZ, 40.68 MHZ, 60 MHZ, 
80 MHZ, and 100 MHZ. 

[0016] According to a seventh aspect of the present inven 
tion, there is provided a dry etching method as de?ned in the 
?rst or fourth aspect, Wherein an angle of inclination of via 
holes or recesses in the InP-based compound semiconductor 
substrate beloW a resist mask is controlled Within a range of 
90° to 60° by adjustment of a degree of vacuum in the 
reaction chamber Within a range of 1 Pa to 4 Pa. 

[0017] According to an eighth aspect of the present inven 
tion, there is provided a dry etching method as de?ned in the 
?rst or fourth aspect, Wherein an angle of inclination of via 
holes or recesses in the InP-based compound semiconductor 
substrate beloW a resist mask is controlled Within a range of 
90° to 45° and an etching rate is controlled Within a range 
of 300 nm/min to 1250 nm/min by adjustment of (?oW rate 
of HI/miXed gas total ?oW rate) of the miXed gas Within a 
range of 10% to 30%. 

[0018] According to a ninth aspect of the present inven 
tion, there is provided a dry etching method as de?ned in the 
?rst or fourth aspect, Wherein an angle of inclination of via 
holes or recesses in the InP-based compound semiconductor 
substrate beloW a resist mask is controlled Within a range of 
90° to 45° and an etching rate is controlled Within a range 
of 3000 nm/min to 800 nm/min, by adjustment of a bias 
high-frequency poWer applied to the InP-based compound 
semiconductor substrate Within a range of 200 W to 100 W. 

[0019] According to a tenth aspect of the present inven 
tion, there is provided a dry etching method as de?ned in the 
?rst or fourth aspect, Wherein an angle of inclination of via 
holes or recesses in the InP-based compound semiconductor 
substrate beloW a resist mask is controlled Within a range of 
50° to 90° and an etching rate is controlled Within a range 
of 0.5 pm/min to 5 pm/min by adjustment of a frequency of 
the high-frequency poWer applied to the discharge coil 
Within a range of 13.6 MHZ to 100 MHZ. 

[0020] According to an eleventh aspect of the present 
invention, there is provided a dry etching method as de?ned 
in the second or ?fth aspect, Wherein an angle of inclination 
of via holes or recesses in the InP-based compound semi 
conductor substrate beloW a resist mask is controlled Within 
a range of 50° to 80° and an etching rate is controlled Within 
a range of 1100 nm/min to 2000 nm/min by adjustment of 
a surface temperature of the InP-based compound semicon 
ductor substrate Within a range of 50° C. to 150° C. 

[0021] According to a tWelfth aspect of the present inven 
tion, there is provided a dry etching method as de?ned in any 
one of the ?rst to eleventh aspects, Wherein a frequency of 
the high-frequency poWer that is applied to the discharge 
coil or the antenna is a frequency in a UHF band from 300 
MHZ to 3 GHZ. 
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[0022] According to a thirteenth aspect of the present 
invention, there is provided a dry etching method as de?ned 
in any one of the ?rst to tWelfth aspects, Wherein a frequency 
of a bias that is applied to the substrate is not more than 
13.56 MHZ. 

[0023] According to a fourteenth aspect of the present 
invention, there is provided a dry etching method as de?ned 
in any one of the ?rst to tWelfth aspects, Wherein a frequency 
of a bias that is applied to the substrate is any one of 13.56 
MHZ, 2 MHZ, 800 kHZ, and 500 kHZ. 

[0024] According to a ?fteenth aspect of the present 
invention, there is provided a dry etching method as de?ned 
in any one of the ?rst to ?fth and tWelfth to fourteenth 
aspects, Wherein the substrate is subjected to dry etching in 
a high-vacuum Zone With a degree of vacuum betWeen 0.1 
Pa and 0.5 Pa in the reaction chamber. 

[0025] According to a siXteenth aspect of the present 
invention, there is provided a dry etching method as de?ned 
in the ?rst to ?fth and tWelfth to fourteenth aspects, Wherein 
a degree of vacuum in the reaction chamber is in a pressure 
Zone of 0.3 Pa. 

[0026] According to a seventeenth aspect of the present 
invention, there is provided a dry etching method as de?ned 
in the ?rst aspect, Wherein a frequency of the high-frequency 
poWer that is applied to the antenna is 13.56 MHZ, Wherein 
a frequency of bias high-frequency poWer that is applied to 
the substrate is 13.56 MHZ, Wherein at least 100 pm deep 
etching fabrication in a region of the substrate on Which a 
resin resist mask does not reside is performed With use, as 
the etching gas, a gas that is selected from a group consisting 
of inert gas, gas containing C12, gas containing BCl3, gas 
containing HBr, and gas containing HCl, With this selected 
gas being added to hydrogen iodide, and Wherein slopes 
having an angle of inclination betWeen 90 and 70 degrees are 
formed With etching fabrication in via holes or recesses in 
the region on Which the resin resist mask does not reside. 

[0027] According to an eighteenth aspect of the present 
invention, there is provided a dry etching method as de?ned 
in the second aspect, Wherein: a frequency of the high 
frequency poWer that is applied to the discharge coil is 100 
MHZ; a frequency of bias high-frequency poWer that is 
applied to the substrate is 500 kHZ; at least 100 pm deep 
etching fabrication in a region of the substrate on Which a 
resin resist mask does not reside is performed With use, as 
the etching gas, a gas that is selected from a group consisting 
of inert gas, gas containing BCl3, gas containing HBr, and 
gas containing HCl, With this selected gas being added to gas 
containing C12; and slopes having an angle of inclination 
betWeen 90 and 70 degrees are formed With etching fabri 
cation in via holes or recesses in the region on Which the 
resin resist mask does not reside. 

[0028] According to a nineteenth aspect of the present 
invention, there is provided a dry etching method as de?ned 
in any one of the ?rst to eighteenth aspects, Wherein a 
surface temperature of the substrate is in a temperature range 
in Which a resin resist can be used. 

[0029] According to a tWentieth aspect of the present 
invention, there is provided a dry etching apparatus, com 
prising: 
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[0030] a reaction chamber; a gas feeding device for 
feeding into the reaction chamber mixed gas that is 
of hydrogen iodide gas and an inert gas, and used as 
etching gas; 

[0031] an exhaust device for exhausting the reaction 
chamber; 

[0032] a high-frequency poWer applying device for 
applying at least 13.56 MHZ high-frequency poWer 
to a ?at spiral discharge coil that is provided so as to 
face an InP-based compound semiconductor sub 
strate placed on a substrate electrode in the reaction 

chamber; 

[0033] a high-frequency voltage applying device for 
the substrate electrode for applying a high-frequency 
voltage to the substrate electrode by a high-fre 
quency poWer source for the substrate electrode; and 

[0034] a control device that controls a pressure in the 
reaction chamber to a predetermined value by feed 
ing of the mixed gas of the hydrogen iodide gas and 
the inert gas into the reaction chamber via the gas 
feeding device and by exhausting gas from the 
reaction chamber via the exhaust device, that causes 
plasma to be generated in the reaction chamber by 
application of the at least 13.5 6 MHZ high-frequency 
poWer to the ?at spiral discharge coil by the high 
frequency poWer applying device, and that subjects 
the InP-based compound semiconductor substrate to 
etching While controlling a density of the plasma 
generated by the high-frequency poWer applied to 
the discharge coil or antenna and While controlling 
ion energy that reaches the InP-based compound 
semiconductor substrate by application of the high 
frequency voltage to the substrate electrode via the 
high-frequency voltage applying device for the sub 
strate electrode and the high-frequency poWer source 
for the substrate electrode, With such plasma density 
control being independent from the ion energy con 
trol. 

[0035] According to a tWenty ?rst aspect of the present 
invention, there is provided a dry etching apparatus, com 
prising: 

[0036] 
[0037] a gas feeding device for feeding into the 

reaction chamber mixed gas that is of gas containing 
chlorine or hydrogen bromide or hydrogen chloride 
and an inert gas, and used as etching gas; 

a reaction chamber; 

[0038] an exhaust device for exhausting the reaction 
chamber; 

[0039] a high-frequency poWer applying device for 
applying at least 13.56 MHZ high-frequency poWer 
to a ?at spiral discharge coil or antenna that is 
provided so as to face an InP-based compound 
semiconductor substrate placed on a substrate elec 
trode in the reaction chamber; 

[0040] a high-frequency voltage applying device for 
the substrate electrode for applying a high-frequency 
voltage to the substrate electrode by a high-fre 
quency poWer source for the substrate electrode; and 
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[0041] a control device that controls a pressure in the 
reaction chamber to a predetermined value by feed 
ing of the mixed gas of the gas containing chlorine 
or hydrogen bromide or hydrogen chloride and the 
inert gas into the reaction chamber via the gas 
feeding device and by exhausting gas from the 
reaction chamber via the exhaust device, that causes 
plasma to be generated in the reaction chamber by 
application of the at least 13.56 MHZ high-frequency 
poWer to the ?at antenna by the high-frequency 
poWer applying device, and that subjects the InP 
based compound semiconductor substrate to etching 
While controlling a density of the plasma generated 
by the high-frequency poWer applied to the antenna 
and While controlling ion energy that reaches the 
InP-based compound semiconductor substrate by 
application of the high-frequency voltage to the 
substrate electrode via the high-frequency voltage 
applying device for the substrate electrode and the 
high-frequency poWer source for the substrate elec 
trode, With the plasma density control being inde 
pendent from the ion energy control. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0042] These and other aspects and features of the present 
invention Will become clear from the folloWing description 
taken in conjunction With the preferred embodiments thereof 
With reference to the accompanying draWings, in Which: 

[0043] FIG. 1 is a schematic illustration of a dry etching 
apparatus for practicing a dry etching method of a ?rst 
embodiment of the present invention; 

[0044] FIG. 2 is a schematic illustration of a dry etching 
apparatus for practicing a dry etching method of a second 
embodiment of the present invention; 

[0045] FIG. 3A, FIG. 3B, FIG. 3C, and FIG. 3D are 
vieWs shoWing a relationship betWeen pressures and angles 
of inclination of via holes or recesses in an InP substrate 
beloW a resist mask in the dry etching apparatus for prac 
ticing the dry etching method of the ?rst embodiment; 

[0046] FIG. 4A, FIG. 4B, FIG. 4C, and FIG. 4D are 
vieWs shoWing a relationship betWeen (?oW rate of HI/total 
?oW rate) and angles of inclination of via holes or recesses 
in an InP substrate beloW a resist mask, and a relationship 
betWeen (?oW rate of HI/total ?oW rate) and etching rates in 
the dry etching apparatus for practicing the dry etching 
method of the ?rst embodiment; 

[0047] FIG. 5A, FIG. 5B, FIG. 5C, and FIG. 5D are 
vieWs shoWing a relationship betWeen bias high-frequency 
poWers applied to an InP substrate and angles of inclination 
of via holes or recesses in the InP substrate beloW a resist 
mask, and a relationship betWeen bias high-frequency poW 
ers applied to the substrate and etching rates in the dry 
etching apparatus for practicing the dry etching method of 
the ?rst embodiment; 

[0048] FIG. 6 is a vieW shoWing a relationship betWeen 
frequencies of high-frequency poWer applied to a discharge 
coil and angles of inclination of via holes or recesses in an 
InP substrate beloW a resist mask, and a relationship betWeen 
frequencies of high-frequency poWer applied to the dis 
charge coil and etching rates in the dry etching apparatus for 
practicing the dry etching method of the ?rst embodiment; 
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[0049] FIG. 7A and FIG. 7B are a sectional vieW and a 
perspective vieW, respectively, as a Working example in 
Which a resin resist mask having a thickness of 80 pm has 
been placed on an InP substrate and in Which a region of the 
InP substrate Without the resin resist mask has been etched 
deeply to 140 pm, in results of dry etching performed by the 
dry etching apparatus for practicing the dry etching method 
of the ?rst embodiment; 

[0050] FIG. 8 is a diagram shoWing a relationship 
betWeen surface temperatures of an InP substrate and angles 
of inclination of via holes or recesses in the InP substrate 
beloW a resist mask, and a relationship betWeen surface 
temperatures of the substrate and etching rates in the dry 
etching apparatus for practicing the dry etching method of 
the second embodiment; 

[0051] FIG. 9A and FIG. 9B are a sectional vieW and a 
perspective vieW, respectively, as a Working example in 
Which a heat resistant resin resist mask having a thickness of 
27 pm has been placed on an InP substrate and in Which a 
region of the InP substrate Without the resin resist mask has 
been etched deeply to 105 pm in a shape of an inverted cone 
in general With a diameter of 30 pm, in results of dry etching 
performed by the dry etching apparatus for practicing the 
dry etching method of the second embodiment; 

[0052] FIG. 10A, FIG. 10B, FIG. 10C, and FIG. 10D are 
a sectional vieW and a perspective vieW, respectively, as a 
Working example in Which a heat resistant resin resist mask 
having a thickness of 27 pm has been placed on an InP 
substrate and in Which a region of the InP substrate Without 
the resin resist mask has been etched deeply to 110 pm in a 
generally columnar shape With a diameter of 70 pm, and a 
sectional vieW and a perspective vieW, respectively, in Which 
the region has been etched deeply to 100 pm in a generally 
columnar shape With a diameter of 30 pm, in results of dry 
etching performed by the dry etching apparatus for practic 
ing the dry etching method of the second embodiment; and 

[0053] FIG. 11 is a diagram shoWing relationships 
betWeen high-frequency poWer applied to the discharge coil 
and angles of inclination of via holes or recesses in an InP 
substrate beloW a resist mask in the dry etching apparatus for 
practicing the dry etching methods of the ?rst and second 
embodiments. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0054] Before description of the present invention pro 
ceeds, it is to be noted that like parts are designated by like 
reference numerals throughout the accompanying draWings. 

[0055] HereinbeloW, embodiments of the present inven 
tion Will noW be described in detail With reference to the 
draWings. 
[0056] As a dry etching apparatus for practicing a dry 
etching method of a ?rst embodiment of the present inven 
tion is used an apparatus shoWn in FIG. 1. In FIG. 1, 
predetermined gas is introduced into a vacuum chamber 1 as 
an example of a reaction chamber, from a gas feeding device 
2 and exhaust of the reaction chamber is performed by a 
pump 3, as an example of an exhaust device, so that an 
interior of the vacuum chamber 1 is held under a predeter 
mined pressure. A multi-spiral coil (a ?at spiral discharge 
coil) 5 on a dielectric plate 12 of quartZ or the like is supplied 
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With predetermined high-frequency poWer (e.g., With a fre 
quency of 13.56 MHZ) by a high-frequency poWer source 4 
for the discharge coil, and plasma is then produced in the 
vacuum chamber 1 so that plasma treatment, e.g., dry 
etching, deposition, surface reforming or the like can be 
executed on a substrate (a Wafer) 7 of an InP-based com 
pound semiconductor located on a substrate electrode 6. In 
this ?rst embodiment, plasma treatment is executed for 
performing an etching treatment. In this case, ion energy that 
reaches the substrate 7 can be controlled by supply of 
high-frequency poWer to the substrate electrode 6 from a 
high-frequency poWer source 8 for the substrate electrode. 
Thus, high-density plasma is produced, the substrate 7 is 
provided With a bias potential, and a density of the plasma 
and the bias potential are independently controlled. In FIG. 
1 is shoWn an example in Which a multi-spiral coil is used 
as the ?at spiral discharge coil 5. In the discharge coil 5, four 
spiral discharge coils are united at central positions thereof 
and are spaced at uniform intervals circumferentially, 
Wherein the central positions are connected to the high 
frequency poWer source 4, and outer peripheral ends thereof 
are grounded respectively. 

[0057] As the gas that is introduced into the vacuum 
chamber 1 from the gas feeding device 2, in other Words, as 
etching gas, may be used gas that is selected from ?ve types 
of gas: inert gas, gas containing C12, gas containing BCl3, 
gas containing HBr, and gas containing HCl in addition to 
hydrogen iodide gas, i.e., mixed gas of hydrogen iodide gas 
and inert gas, mixed gas of hydrogen iodide gas and gas 
containing C12, mixed gas of hydrogen iodide gas and gas 
containing BCl3, mixed gas of hydrogen iodide gas and gas 
containing HBr, or mixed gas of hydrogen iodide gas and 
gas containing HCl. Appropriate selection of type of these 
gases makes it possible to form a fabrication shape that is to 
be formed by etching, for example, an angle of inclination 
of slopes (sloping surfaces) 7b (an angle 0 the slopes 7b of 
the substrate 7 form With a plane parallel to a surface of the 
substrate) in formation of via holes or recesses 7a at a 
desired angle in a region of the substrate 7 on Which no resin 
resist mask 30 resides. In performance of the etching treat 
ment, change of type of the gas makes it possible to change 
the angle 0 of inclination of the via hole or recess 7a that is 
formed by etching in the region of the substrate 7 on Which 
no resin resist mask 30 resides. For example, deep etching 
may initially be performed in a direction orthogonal to the 
surface of the substrate 7, then different gas may be intro 
duced in vicinity of a bottom section, and slopes inclined 
gently relative to the orthogonal direction may be formed at 
corners of the bottom section. With appropriate selection of 
types of the gases in performance of the etching treatment, 
surfaces orthogonal to the surface of the substrate 7 and 
slopes having various angles of inclination can be combined 
arbitrarily in the region of the surface of the substrate 7 on 
Which no resin resist mask 30 resides, and a desired fabri 
cation shape can thereby be formed. 

[0058] As high-frequency poWer that is applied by the 
high-frequency poWer source 4 for the discharge coil, as the 
high-density plasma source, may be applied frequencies not 
loWer than 13.56 MHZ, to be more speci?c, frequencies of 
13.56 MHZ, 27.12 MHZ, 40.68 MHZ, 60 MHZ, 80 MHZ, 100 
MHZ, or UHF frequencies from 300 MHZ to 3 GHZ. 
Practically, 13.56 MHZ is most preferable for the dry etching 
method and apparatus according to the ?rst embodiment. 
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[0059] On the other hand, a bias voltage With a frequency 
not higher than 13.56 MHZ may be applied to the substrate 
electrode 6 by the high-frequency power source 8 for 
substrate electrode. To be more speci?c, 13.56 MHZ, 2 MHZ, 
800 kHZ, and 500 kHZ may be used as the frequency of the 
bias voltage that is applied to the substrate electrode 6. 
Among those, practically, 500 kHZ, that can maximiZe an 
etching rate, is preferable for the dry etching method and 
apparatus according to the ?rst embodiment. 

[0060] The substrate 7 is subjected to dry etching in a 
high-vacuum Zone With a degree of vacuum betWeen 0.1 Pa 
and 0.5 Pa or less in the reaction chamber 1. More speci? 
cally, a pressure Zone With a degree of vacuum of 0.3 Pa is 
preferable in the reaction chamber 1 With frequencies of 100 
MHZ and 500 kHZ. 

[0061] The etching treatment may basically be performed 
at ordinary temperatures. The plasma treatment, hoWever, 
can be performed more quickly than at ordinary tempera 
tures, on condition that the substrate electrode 6 is heated so 
that the substrate 7 has a surface temperature, e. g., in a range 
of from 200° C. to 250° C. 

[0062] In a speci?c example, a frequency of the high 
frequency poWer that is applied to the discharge coil is VHF 
100 MHZ, a frequency of the bias high-frequency poWer that 
is applied to the substrate is 500 kHZ and, for example, 
slopes 7b having an angle of inclination of 70 degrees can 
be formed With etching fabrication in via holes or recesses 
7a in a region on Which a resin resist mask 30 having a 
thickness of 40 pm does not reside, on condition that a mixed 
gas of gas containing chlorine and an inert gas is used as 
etching gas. In another example, a frequency of the high 
frequency poWer that is applied to the discharge coil is 
betWeen 13.56 MHZ and 100 MHZ, a frequency of the bias 
high-frequency poWer that is applied to the substrate is 13.5 6 
MHZ and, for example, slopes 7b having an angle of 
inclination betWeen 50 and 90 degrees can be formed With 
etching fabrication in via holes or recesses 7a in a region on 
Which a resin resist mask 30 does not reside, on condition 
that a mixed gas of hydrogen iodide gas and an inert gas is 
used as etching gas. In both cases, at least 100 pm deep 
etching fabrication can be performed at an etching rate of at 
least 1000 nm/min. 

[0063] Conventionally, by contrast, deep etching fabrica 
tion can be executed by no more than 50 pm, and etching 
rates no more than beloW 1 pm/min (e.g., on the order of 
0.05 to 0.7 pm/min) can be achieved even With heating up 
to about 200° C., so that it takes one hour and a half to 
execute 50 pm deep etching fabrication. 

[0064] InP-based compound semiconductor substrates 
produced by the etching method may be applied to optode 
vices, devices for laser, electronic devices, and the like, and 
more speci?c examples of the application include devices 
for high-speed radio communication. 

[0065] In accordance With the ?rst embodiment, high 
frequency poWer of at least 13.56 MHZ is applied to the ?at 
spiral discharge coil 5, and a high-frequency voltage is 
applied to the substrate electrode 6 by the high-frequency 
poWer source 8 for the substrate electrode. Both are inde 
pendently controlled, and etching gas is appropriately 
selected. Thus, at least 20 pm deep etching fabrication that 
has practically been unachievable in conventional RIE 
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plasma treatment and, more preferably, at least 100 pm deep 
etching fabrication can rapidly be performed for the InP 
based compound semiconductor substrate 7. In conventional 
RIE plasma treatment, an upper electrode is grounded, 
high-frequency poWer of 13.56 MHZ is applied to the 
substrate, and an etching rate is increased to about 10 
nm/min by treatment at a high temperature of 250° C. With 
mixed gas of CH4 and H2; hoWever, 10 nm/min is too loW 
for deep etching fabrication and makes practically impos 
sible deep etching fabrication of at least 20 pm, more 
preferably, at least 100 pm. In the ?rst embodiment, by 
contrast, an etching rate can be increased to several tens or 
several hundreds of times the conventional rate (for 
example, to 1000 nm/min). 

[0066] Control of operations of devices 2, 3, 4, 8, and the 
like in the dry etching apparatus in accordance With the ?rst 
embodiment is constituted so as to be executed automati 
cally by a control device 1000. On condition that pertinent 
information illustrated in FIG. 3A through FIG. 6 has been 
stored in a memory 1001 of the control device 1000 in 
advance, an operator is capable of making the apparatus 
execute dry etching, for example, at a desired angle of 
inclination or a desired etching rate on basis of the pertinent 
information, in control of the angle 0 of inclination and the 
like under various conditions that Will be described later. 

[0067] High temperatures on the order of 250° C. for 
increase in rate of treatment require 20 pm of SiO2 as a mask 
to be formed on a surface of an InP-based compound 
semiconductor substrate during an additional CVD process, 
because a resistible temperature of a resist mask placed on 
the surface of the substrate and made of resin is as loW as on 
the order of 120 to 130° C. Thus, the additional CVD 
process is conventionally required. By contrast, the ?rst 
embodiment can be practiced even in a temperature range 
such as ordinary temperature in Which a resin resist can be 
used, and thus, alloWs a resist mask 30 made of resin to be 
adequately used and avoids a necessity to form an SiO2 mask 
by performing a CVD process, thereby avoiding necessity of 
the additional CVD process. 

[0068] In accordance With the above method, a mirror 
?nish of the surface of the substrate 7 can be achieved and 
thus a damageless method can be attained. 

[0069] In accordance With the above method, sWitches of 
etching gas to gas of a different type in performance of the 
etching treatment make it possible to change angle 0 of 
inclination of the via hole or recess 7a that is formed in the 
substrate 7, and then make it possible to control fabrication 
shape into a desired shape. 

[0070] HereinbeloW, Working examples of the dry etching 
apparatus and method of the ?rst embodiment Will be 
described. 

[0071] In an example, a frequency of high-frequency 
poWer that is applied to the discharge coil is 13.56 MHZ, a 
frequency of bias high-frequency poWer that is applied to a 
substrate is 13.56 MHZ, gas that is selected from ?ve types 
of gas of inert gas, gas containing C12, gas containing BCl3, 
gas containing HBr, and gas containing HCl, With this 
selected gas being added to hydrogen iodide (HI) is used as 
etching gas, at least 100 pm deep etching fabrication is thus 
performed at most 140° C. in a region of the substrate on 
Which a resin resist mask does not reside, and slopes having 
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an angle of inclination between 90 and 70 degrees are 
formed by etching fabrication in via holes or recesses in the 
region on Which the resin resist mask does not reside. An 
etching rate in this process is not larger than 2 pm/min. 
Hydrogen iodide (HI) is used because fabricability on InP 
(in other Words, fabricability in terms of etching rate, shape 
control, and condition of a fabricated surface) is thereby 
improved greatly. Fabrication can be performed at loW 
temperatures not higher than 140° C. (e.g., 100° C. to 150° 
C.), resin resist masks having resistible temperatures from 
140° C. to 150° C. can therefore be used instead of eXpen 
sive masks made of metal, cost of masks is reduced, and 
mass production is facilitated. 

[0072] In the dry etching apparatus of the ?rst embodi 
ment, as shoWn in FIG. 3D for eXample, Where high 
frequency poWer applied to the discharge coil is from 700 to 
900 W, Where bias high-frequency poWer applied to an InP 
substrate is from 100 to 150 W, and Where ?oW rates of 
miXed gas HI/He are 30/ 120 SCCM, an angle of inclination 
of via holes or recesses in the InP substrate beloW a resist 
mask changes from 90° (point A in FIG. 3D: see FIG. 3A) 
through 70° (point B in FIG. 3D: see FIG. 3B) to 60° (point 
C in FIG. 3D: see FIG. 3C) as a degree of vacuum in the 
reaction chamber 1 changes from 1 Pa (point A in FIG. 3D: 
see FIG. 3A) through 3 Pa (point B in FIG. 3D: see FIG. 
3B) to 4 Pa (point C in FIG. 3D: see FIG. SC). 

[0073] Accordingly, the angle 0 of inclination of the via 
holes or recesses in the InP substrate beloW the resist mask 
can be controlled Within the range of 90° to 60° by adjust 
ment of a degree of vacuum in the reaction chamber 1 Within 
a range of 1 Pa to 4 Pa. 

[0074] In the dry etching apparatus of the ?rst embodi 
ment, as shoWn in FIG. 4D, Where high-frequency poWer 
applied to the discharge coil is from 700 to 900 W, Where 
bias high-frequency poWer applied to an InP substrate is 
from 100 to 150 W, and Where a degree of vacuum in the 
reaction chamber 1 is 2 Pa, an angle 0 of inclination of via 
holes or recesses in the InP substrate beloW a resist mask 
changes from 90° (point D in FIG. 4D: see FIG. 4A) 
through 80° (point E in FIG. 4D: see FIG. 4B) to 45° (point 
F in FIG. 4D: see FIG. 4C) as (?oW rate of HI/total ?oW 
rate)(%) of the miXed gas (Where total ?oW rate is How rate 
of HI plus ?oW rate of He) changes from 10% (point D in 
FIG. 4D: see FIG. 4A) through 20% (point E in FIG. 4D: 
see FIG. 4B) to 30% (point F in FIG. 4D: see FIG. 4C). On 
the same condition, an etching rate changes from 300 
nm/min (point D in FIG. 4D: see FIG. 4A) through 600 
nm/min (point E in FIG. 4D: see FIG. 4B) to 1250 nm/min 
(point F in FIG. 4D: see FIG. 4C) as (?oW rate of HI/total 
?oW rate)(%) of the miXed gas (Where total ?oW rate is How 
rate of HI plus ?oW rate of He) changes from 10% (point D 
in FIG. 4D: see FIG. 4A) through 20% (point E in FIG. 4D: 
see FIG. 4B) to 30% (point F in FIG. 4D: see FIG. 4C). 

[0075] Accordingly, the angle 0 of inclination of the via 
holes or recesses in the InP substrate beloW the resist mask 
can be controlled Within the range of 90° to 45° by adjust 
ment of (?oW rate of HI/total ?oW rate) of the miXed gas 
Within the range of 10% to 30%. Additionally, the etching 
rate can be controlled Within a range of 300 nm/min to 1250 
nm/min by adjustment of (?oW rate of HI/total ?oW rate) of 
the miXed gas Within a range of 10% to 30%. 

[0076] In the dry etching apparatus of the ?rst embodi 
ment, as shoWn in FIG. 5D, Where high-frequency poWer 
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applied to the discharge coil is from 700 to 900 W, Where 
?oW rates of miXed gas HI/He are 30/ 120 SCCM, and Where 
a degree of vacuum in the reaction chamber 1 is 2 Pa, an 
angle 0 of inclination of via holes or recesses in an InP 
substrate beloW a resist mask changes from 90° (point H in 
FIG. 5D: see FIG. 5A) through 65° (point I in FIG. 5D: see 
FIG. SE) to 45° (point J in FIG. 5D: see FIG. 5C) as bias 
high-frequency poWer applied to the substrate changes from 
200 W (point H in FIG. 5D: see FIG. 5A) through 150 W 
(point I in FIG. 5D: see FIG. SE) to 100 W (point J in FIG. 
5D: see FIG. 5C). On the same condition, an etching rate 
changes from 3000 nm/min (point H in FIG. 5D: see FIG. 
5A) through 1600 nm/min (point I in FIG. 5D: see FIG. SE) 
to 800 nm/min (point J in FIG. 5D: see FIG. 5C) as a bias 
high-frequency poWer applied to the substrate changes from 
200 W (point H in FIG. 5D: see FIG. 5A) through 150 W 
(point I in FIG. 5D: see FIG. SE) to 100 W (point J in FIG. 
5D: see FIG. SC). 

[0077] Accordingly, the angle 0 of inclination of the via 
holes or recesses in the InP substrate beloW the resist mask 
can be controlled Within a range of 90° to 45° by adjustment 
of the bias high-frequency poWer applied to the substrate 
Within a range of 200 W to 100 W. Additionally, the etching 
rate can be controlled Within a range of 3000 nm/min to 800 
nm/min by adjustment of the bias high-frequency poWer 
applied to the substrate Within a range of 200 W to 100 W. 

[0078] In the dry etching apparatus of the ?rst embodi 
ment, as shoWn in FIG. 6, Where bias high-frequency poWer 
applied to an InP substrate is from 100 to 150 W, Where ?ow 
rates of miXed gas HI/He are 30/120 SCCM, and Where a 
degree of vacuum in the reaction chamber 1 is 2 Pa, an angle 
0 of inclination of via holes or recesses in the InP substrate 
beloW the resist mask changes from 50° through 50°, 68°, 
and 80° to 90° as a frequency of high-frequency poWer 
applied to the discharge coil changes from 13.6 MHZ 
through 27.1 MHZ, 40.7 MHZ, and 60 MHZ to 100 MHZ. On 
the same condition, an etching rate changes from 0.5 
pm/min through 1.3 pm/min, 2.2 pm/min, and 4 pm/min to 
5 pm/min as a frequency of high-frequency poWer applied to 
the discharge coil changes from 13.6 MHZ through 27.1 
MHZ, 40.7 MHZ, and 60 MHZ to 100 MHZ. 

[0079] Accordingly, the angle 0 of inclination of the via 
holes or recesses in the InP substrate beloW the resist mask 
can be controlled Within a range of 50° to 90° by adjustment 
of the frequency of high-frequency poWer applied to the 
discharge coil Within a range of 13.6 MHZ to 100 MHZ. 
Additionally, the etching rate can be controlled Within a 
range of 0.5 pm/min to 5 pm/min by adjustment of the 
frequency of high-frequency poWer applied to the discharge 
coil Within a range of 13.6 MHZ to 100 MHZ. 

[0080] In FIG. 7A and FIG. 7B are shoWn a sectional 
vieW and a perspective vieW, respectively, as a Working 
eXample in Which a resin resist mask having a thickness of 
80 pm has been placed on an InP substrate, and in Which a 
region of the InP substrate Without the resin resist mask has 
been etched deeply to 140 pm. An etching rate in this process 
is 1.4 pm/min, miXed gas is of HI/He, a surface temperature 
of the substrate is 100° C., and a selection ratio is 5. 

[0081] The present invention is not limited to the above 
embodiment but may be implemented in other various 
aspects. 
[0082] In a dry etching apparatus for practicing a dry 
etching method of a second embodiment of the present 
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invention, an antenna may be used in place of the discharge 
coil, for example, depending on conditions concerning etch 
ing (e.g., on condition that a frequency of high-frequency 
poWer applied to the discharge coil is 100 MHZ). FIG. 2 is 
a sectional vieW of a plate-like antenna type plasma treat 
ment apparatus. In FIG. 2, predetermined gas is introduced 
into a vacuum chamber 1, as an example of a reaction 
chamber, from a gas feeding device 2 and exhaust of the 
reaction chamber is performed by a pump 3, as an example 
of an exhaust device, so that an interior of the vacuum 
chamber 1 is held under a predetermined pressure, a prede 
termined high-frequency poWer (e.g., With a frequency of 
100 MHZ) is supplied to an antenna 15, by a high-frequency 
poWer source 4 for the antenna, through a through hole 17 
provided in a dielectric plate 16 that is interposed betWeen 
the antenna 15 and the vacuum chamber 1 and that is 
generally equal in outside dimensions to the antenna 15, and 
plasma is then produced in the vacuum chamber 1, so that 
a plasma treatment such as dry etching, deposition, or 
surface reforming can be executed on a substrate 7 of an 
InP-based compound semiconductor located on a substrate 
electrode 6. In this second embodiment, plasma treatment is 
executed for performing an etching treatment. In this case, 
ion energy that reaches the substrate 7 can be controlled by 
supply of high-frequency poWer to the substrate electrode 6 
from a high-frequency poWer source 8 for the substrate 
electrode. A surface of the antenna 15 is covered With an 
insulation cover 11. Aplasma trap 14 is provided, Which is 
composed of a grooved space betWeen the dielectric plate 16 
and a dielectric ring 12 provided around the dielectric plate 
16, and of a grooved space betWeen the antenna 15 and a 
conducting ring 13 provided around the antenna 15. With 
such a constitution, electromagnetic Waves emitted from the 
antenna 5 are intensi?ed by the plasma trap 14, and high 
density plasma (holloW cathode discharge) is apt to be 
generated in the plasma trap 14 surrounded by solid surfaces 
because loW-electron-temperature plasma tends to cause 
holloW cathode discharge. Accordingly, a plasma density in 
the plasma trap 14 is highest in the vacuum chamber 1 and 
transportation of plasma to the vicinity of the substrate 7 
With diffusion provides more uniform plasma. Practically, 
100 MHZ is most preferable for the dry etching apparatus 
and method of the second embodiment. 

[0083] Control of operations of devices 2, 3, 4, 8, and the 
like in the dry etching apparatus in accordance With the 
second embodiment is constituted so as to be executed 
automatically by a control device 1000. On condition that 
pertinent information illustrated in FIG. 8 has been stored in 
a memory 1001 of the control device 1000 in advance, an 
operator is capable of making the apparatus execute dry 
etching, for example, at a desired angle of inclination or a 
desired etching rate on basis of the pertinent information, in 
control of the angle of inclination and the like under various 
conditions that Will be described later. 

[0084] HereinbeloW, Working examples of the dry etching 
apparatus and method of the second embodiment Will be 
described. 

[0085] In an example, a frequency of high-frequency 
poWer that is applied to the antenna is from 27.12 to 100 
MHZ, a frequency of bias high-frequency poWer that is 
applied to an InP substrate is 500 kHZ, gas that is selected 
from four types of gas of inert gas, gas containing BCl3, gas 
containing HBr, and gas containing HCl, With this selected 
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gas being added to gas containing C12, is used as etching gas, 
at least 100 pm deep etching fabrication is thus performed at 
150 to 200° C. in a region of the substrate on Which a resin 
resist mask does not reside, and slopes having an angle of 
inclination betWeen 90 and 70 degrees are formed With 
etching fabrication in via holes or recesses in the region on 
Which the resin resist mask does not reside. An etching rate 
in this process is not larger than 51 m/min, a selection ratio 
(etching of InP/etching of mask) is not less than 10, and such 
a high etching rate and a high selection ratio can be 
achieved. With use of 100 MHZ as the frequency of the 
high-frequency poWer, the selection ratio is improved (for 
example, can be made larger than 10 though has conven 
tionally been able to be increased so as to be no more than 

on the order of 3 or 4) and the etching rate can be increased 
(for example, can be increased to 5 pm/min though has been 
less than 1 pm/min at maximum). In another example of the 
dry etching apparatus and method of the second embodi 
ment, a degree of vacuum in the reaction chamber is not 
higher than 0.5 Pa and is preferably 0.3 Pa, a frequency of 
high-frequency poWer that is applied to the antenna is 100 
MHZ (900 W or less), a frequency of bias high-frequency 
poWer that is applied to an InP substrate is 500 kHZ (400 W 
or less), gas that is selected from four types of gas of inert 
gas, gas containing BCl3, gas containing HBr, and gas 
containing HCl, With this selected gas added to gas contain 
ing C12, is used as etching gas, a surface temperature of the 
substrate is, for example, at most 150° C. and is preferably 
at most 80° C. (With a selection ratio not smaller than about 
2), and the selection ratio is not smaller than about 5 and is 
preferably not smaller than 10. 

[0086] In the Working examples of the dry etching appa 
ratus and method of the second embodiment, as shoWn in 
FIG. 8, Where high-frequency poWer applied to the antenna 
is from 500 to 900 W, Where bias high-frequency poWer 
applied to the substrate is from 300 to 400 W, Where flow 
rates of mixed gas Cl2/Ar are 30/30 SCCM, and Where a 
degree of vacuum in the reaction chamber 1 is 0.3 Pa, an 
angle 0 of inclination of via holes or recesses in the InP 
substrate beloW the resist mask changes from 50° through 
65° to 80° as a surface temperature of the substrate changes 
from 50° C. through 100° C. to 150° C. On the same 
condition, an etching rate also changes from 1100 nm/min 
through 1500 nm/min to 2000 nm/min as the surface tem 
perature of the substrate changes from 50° C. through 100° 
C. to 150° C. 

[0087] Accordingly, an angle 0 of inclination of via holes 
or recesses in the InP substrate beloW the resist mask can be 
controlled Within a range of 50° to 80° by adjustment of the 
surface temperature of the substrate Within a range of 50° C. 
to 150° C. Additionally, the etching rate can be controlled 
Within a range of 1100 nm/min to 2000 nm/min by adjust 
ment of the surface temperature of the substrate Within a 
range of 50° C. to 150° C. 

[0088] In FIG. 9A and FIG. 9B are shoWn a sectional 
vieW and a perspective vieW, respectively, as a Working 
example in Which a heat resistant resin resist mask having a 
thickness of 27 pm has been placed on an InP substrate, and 
in Which a region of the InP substrate Without the resin resist 
mask has been etched deeply to 105 pm in a shape of an 
inverted cone in general With a diameter of 30 pm. An 
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etching rate in this process is 1.6 pm/min, mixed gas is 
Cl2/Ar, a surface temperature of the substrate is 100° C., and 
a selection ratio is 6. 

[0089] In FIG. 10A, FIG. 10B, FIG. 10C, and FIG. 10D, 
as Working examples, are shoWn a sectional vieW and a 
perspective vieW, respectively, in Which a heat resistant resin 
resist mask having a thickness of 27 pm has been placed on 
an InP substrate, and in Which a region of the InP substrate 
Without the resin resist mask has been etched deeply to 110 
pm in a generally columnar shape With a diameter of 70 pm, 
and a sectional vieW and a perspective vieW, respectively, in 
Which the region has been etched deeply to 100 pm in a 
generally columnar shape With a diameter of 30 pm. Etching 
rates in these processes are 4.5 pm/min and 41 m/min, mixed 
gases are Cl2/Ar and Cl2/Ar, surface temperatures of the 
substrate are 150° C. and 150° C., and selection ratios are 
not less than 10 and not less than 10, respectively. 

[0090] Among examples of the InP-based compound 
semiconductor substrates in the embodiments are compound 
semiconductor substrates of InGaAsP, InGaP, InAsP, and the 
like. Thicknesses of the resin resist masks that are placed on 
the substrates in the embodiments are required to be at least 
10 pm and, on condition that the selection ratio is 10, use of 
a resin resist mask having a thickness of 10 pm alloWs deep 
etching of up to 100 pm to be performed. 

[0091] To be brief, the dry etching apparatus and method 
of the ?rst embodiment make possible a dry etching treat 
ment at temperatures not higher than 140° C. that alloW for 
use of inexpensive resin resist masks suitable for mass 
production, eliminate necessity for use of expensive masks 
made of metal, and achieve dry etching treatment of the 
InP-based compound semiconductor substrates With satis 
factory fabricability, With use of mixed gas of hydrogen 
iodide gas and an inert gas as the etching gas. 

[0092] By contrast, the dry etching apparatus and method 
of the second embodiment are most suitable for high-speed 
dry etching treatment and achieve a high selection ratio. 
Additionally, plasma temperature can be decreased, damage 
to a resist can be decreased, and a selection ratio on the resist 
can be increased (for example, can be increased to at least 
5), in comparison With those of the dry etching apparatus 
and method of the ?rst embodiment (the selection ratio has 
conventionally been able to be increased to no more than 
about 1, even With heating to about of 200° C.). The second 
embodiment is therefore suitable for at least 100 pm deep 
etching fabrication. As a result of the high selection ratio on 
resist ?lm, at least 100 pm deep etching fabrication can be 
performed even if a thickness of the resist ?lm is small (for 
example, on the order of 10 to 20 pm). By use of the high 
selection ratio, therefore, at least 200 pm deep etching 
fabrication can be performed With a diameter of at least 30 
pm. 

[0093] In the dry etching apparatus of the ?rst and second 
embodiments, as shoWn in FIG. 11, Where the bias high 
frequency poWer applied to the substrate is from 100 to 200 
W, Where the How rates of the mixed gas HI/He are 30/120 
SCCM and the How rates of the Cl2/Ar are 40/30 SCCM, 
Where the degree of vacuum in the reaction chamber 1 is not 
more than 3 Pa, and Where the frequencies of the high 
frequency poWer applied to the discharge coil or the antenna 
are 13.6 MHZ and 100 MHZ, the angles 0 of inclination of 
the via holes or recesses in the InP substrate beloW the resist 
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mask change from 75° through 80° to 90°, or from 70° 
through 73° to 80°, as high-frequency poWer applied to the 
discharge coil or the antenna changes from 300 W through 
600 W to 900 W. 

[0094] Accordingly, the angle 0 of inclination of the via 
holes or recesses in the InP substrate beloW the resist mask 
can be controlled Within a range of 75° through 80° to 90° 
by adjustment of the high-frequency poWer applied to the 
discharge coil Within a range of 300 through 600 to 900 W 
on condition that the frequency of the high-frequency poWer 
applied to the discharge coil is 13.6 MHZ. Besides, the angle 
0 of inclination of the via holes or recesses in the InP 
substrate beloW the resist mask can be controlled Within a 
range of 70° through 73° to 60° by adjustment of the 
high-frequency poWer applied to the antenna Within a range 
of 300 through 600 to 900 W on condition that the frequency 
of the high-frequency poWer applied to the antenna is 100 
MHZ. 

[0095] With an appropriate combination of arbitrary 
embodiments among the various embodiments, effects 
thereof can be achieved. 

[0096] In accordance With the present invention, the at 
least 13.56 MHZ high-frequency poWer is applied to the ?at 
spiral discharge coil or antenna, and the high-frequency 
voltage is applied to the substrate electrode by the high 
frequency poWer source for the substrate electrode. Both are 
independently controlled and etching gas is appropriately 
selected, and thus at least 20 pm deep etching fabrication 
that has practically been unachievable in conventional RIE 
plasma treatment and, more preferably, at least 100 pm 
fabrication can rapidly be performed on an InP-based com 
pound semiconductor substrate. In conventional RIE plasma 
treatment, an upper electrode is grounded, 13.56 MHZ 
high-frequency poWer is applied to a substrate, and an 
etching rate is increased to about 10 nm/min by treatment at 
a high temperature of 250° C. With a mixed gas of CH4 and 
H2; hoWever, 10 nm/min is too loW for deep etching fabri 
cation and makes practically impossible the at least 20 pm, 
more preferably, at least 100 pm deep etching fabrication. In 
the present invention, by contrast, an etching rate can be 
increased to several tens or several hundreds of times the 
conventional rate (for example, to 1000 nm/min). 

[0097] High temperatures on the order of 250° C. for 
increase in rate of treatment require 20 pm of SiO2 as a mask 
to be formed on a surface of an InP-based compound 
semiconductor substrate by performance of an additional 
CVD process because a resistible temperature of a resist 
mask placed on the surface of the substrate and made of 
resin is as loW as on the order of 120 to 130° C. Thus, the 
additional CVD process is conventionally required. By 
contrast, the present invention can be practiced at tempera 
tures not higher than 140° C., for example, at ordinary 
temperatures, and therefore alloWs a resist mask made of 
resin to be adequately used, avoids necessity to form the 
SiO2 mask by the CVD process and thus avoids necessity of 
the additional CVD process. 

[0098] In accordance With the present invention, mirror 
?nish of surfaces of substrates can be achieved, and thus a 
damageless feature can be attained. 

[0099] In accordance With the present invention, sWitches 
of etching gas to gas of a different type in performance of an 




