
US 20140283747A1 

(12) Patent Application Publication (10) Pub. No.: US 2014/0283747 A1 
(19) United States 

Kasai et al. (43) Pub. Date: Sep. 25, 2014 

(54) PLASMA PROCESSING APPARATUS AND (52) US. Cl. 
SHOWER PLATE CPC ........... .. C23C 16/4401 (2013.01); 305B 1/005 

(2013.01) 
(71) Applicant Tokyo Electron Limited, TokyO (JP) USPC ..................................... .. 118/723 R; 239/549 

(72) Inventors: Shigeru Kasai, Nirasaki City (JP); Taro 
Ikeda, N1rasak1 C1ty (JP); Yutaka (57) ABSTRACT 
Fujino, Nirasaki City (JP) 

(73) Assignee: Tokyo Electron Limited, Tokyo (JP) 

(21) Appl. No.: 14/219,360 

(22) Filed: Mar. 19, 2014 

(30) Foreign Application Priority Data 

Mar. 21, 2013 (JP) ............................... .. 2013-058663 

Publication Classi?cation 

(51) Int. Cl. 
C23C 16/44 
12051; 1/00 

(2006.01) 
(2006.01) 

A plasma processing apparatus including a processing vessel 
10 in which a plasma process is performed and a plasma 
generation antenna 20 having a shower plate 100 which sup 
plies a ?rst gas and a second gas into the processing vessel 10, 
performs the plasma process on a substrate with plasma gen 
erated by a surface wave formed on a surface of the shower 
plate 100 through a supply of a microwave. The shower plate 
100 has multiple gas holes 133 con?gured to supply the ?rst 
gas into the processing vessel 10 and multiple supply nozzles 
160 con?gured to supply the second gas into the processing 
vessel 10, and the supply nozzles 160 are protruded vertically 
downwards from a bottom surface of the showerplate 100 and 
are provided at different positions from the gas holes 133. 
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FIG. 1 
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PLASMA PROCESSING APPARATUS AND 
SHOWER PLATE 

CROSS-REFERENCE TO RELATED 
APPLICATION 

[0001] This application claims the bene?t of Japanese 
Patent Application No. 2013-058663 ?led on Mar. 21, 2013, 
the entire disclosures of which are incorporated herein by 
reference. 

TECHNICAL FIELD 

[0002] The embodiments described herein pertain gener 
ally to a plasma processing apparatus and a shower plate 
provided in the plasma processing apparatus; and, more par 
ticularly, to a structure of a shower plate and a plasma pro 
cessing apparatus using the same. 

BACKGROUND 

[0003] A plasma process is essentially performed in manu 
facturing a semiconductor device. Recently, to meet the 
requirement for high integration and high speed of LSI (Large 
Scale Integration), there has been a demand for a more 
improved microfabrication technique in a semiconductor 
device forming the LSI. 
[0004] However, in a capacitively coupled plasma process 
ing apparatus or an inductively coupled plasma processing, 
generated plasma has a high electron temperature and a 
region having a high plasma density is limited. Thus, it has 
been dif?cult to perform a plasma process that satis?es the 
requirement for improved microfabrication of the semicon 
ductor device. 

[0005] In order to achieve such improved microfabrication, 
it is required to generate plasma having a low electron tem 
perature and a high plasma density. To this end, there has been 
proposed an apparatus con?gured to generate surface wave 
plasma in a processing vessel by a microwave and perform a 
plasma process on a semiconductor wafer by the surface wave 
plasma (see, for example, Patent Document 1). 
[0006] In a plasma processing apparatus described in 
Patent Document 1, a microwave is transmitted through a 
coaxial waveguide and radiated into a processing vessel, and 
by exciting a gas through electric ?eld energy of a surface 
wave of the microwave, surface wave plasma having a low 
electron temperature and a high plasma density is generated. 
[0007] In the plasma processing apparatus of Patent Docu 
ment 1, however, in order to radiate the microwave into the 
processing vessel from the coaxial waveguide, a ceiling por 
tion of the plasma processing apparatus has a structure in 
which a dielectric plate made of, e.g., quartz is provided 
between the surface wave plasma and an antenna, and a 
processing gas is supplied into the processing vessel from a 
sidewall of the processing vessel. Since, however, the pro 
cessing gas is supplied from a portion other than the ceiling 
portion, it has been dif?cult to control a gas ?ow appropri 
ately. Resultantly, it has been also dif?cult to control the 
plasma effectively. 
[0008] In this regard, Patent Document 2 describes a tech 
nique of providing, under an antenna, a shower plate that has 
a multiple number of gas holes and is made of a dielectric 
material, and introducing a processing gas vertically down 
wards into the processing vessel through the shower plate. In 
this method, a gas ?ow in the vertical direction is formed 
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within the processing vessel, so that the processing gas may 
be supplied uniformly and uniform plasma can be generated. 

[0009] Patent Document 1: Japanese Patent Laid-open 
Publication No. 2003-188103 

[0010] Patent Document 2: Japanese Patent Laid-open 
Publication No. 2005-196994 

[0011] According to the present inventors, however, in the 
plasma processing apparatus having the antenna and the 
shower plate as described in Patent Document 2, for example, 
it is observed that a ?lm is formed within the holes of the 
shower plate. If the ?lm is formed within the holes, however, 
the holes may be blocked. 

[0012] The reason for the ?lm formation within the holes of 
the shower plate is because, due to surface wave plasma, an 
electron temperature at a region in the vicinity of the shower 
plate is higher than that at a region far from a surface of the 
shower plate. By way of example, a source gas such as a 
monosilane (SiH4) gas is excessively decomposed in the 
vicinity of the shower plate. As a result, the decomposed 
source gas may be deposited to form a ?lm in hole portions of 
the shower plate or may become the cause of dust through the 
gas phase reaction. 

[0013] The present inventors believed that if the source gas 
supplied from the shower plate can reach the inside of the 
processing vessel without passing through the region having 
the high electron temperature in the vicinity of the shower 
plate, the ?lm formation or the vapor phase epitaxy in the 
vicinity of the shower plate could be suppressed. 

SUMMARY 

[0014] In view of the foregoing, example embodiments 
provide a plasma processing apparatus, having a showerplate 
con?gured to introduce a gas into a processing vessel and 
con?gured to generate surface wave plasma by a microwave, 
capable of suppressing a ?lm from being formed in a gas hole 
of the shower plate. 

[0015] In one example embodiment, a plasma processing 
apparatus, including a processing vessel in which a plasma 
process is performed and a plasma generation antenna having 
a shower plate which supplies a ?rst gas and a second gas into 
the processing vessel, performs the plasma process on a sub 
strate with plasma generated by a surface wave formed on a 
surface of the shower plate through a supply of a microwave. 
Further, the shower plate has a multiple number of gas holes 
con?gured to supply the ?rst gas into the processing vessel 
and a multiple number of supply noZZles con?gured to supply 
the second gas into the processing vessel, and the supply 
noZZles are protruded vertically downwards from a bottom 
surface of the shower plate and are provided at different 
positions from the gas holes. 

[0016] According to this example embodiment, since the 
second gas is supplied into the processing vessel through the 
supply noZZles protruded vertically downwards from the bot 
tom surface of the shower plate, the second gas does not pass 
through a region having a high electron temperature in the 
vicinity of the shower plate. Accordingly, even when a source 
gas is used as the second gas, it is possible to suppress the 
source gas from being excessively decomposed by the surface 
wave plasma. As a result, it is possible to reduce deposits that 
might be caused by occurrence of a reaction and a gas phase 
reaction in the gas holes of the shower plate. 
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[0017] The second gas may be more easily decomposed by 
the plasma than the ?rst gas. In this case, the second gas may 
be a source gas, and the ?rst gas may be a gas for generating 
the plasma. 
[0018] A base member protruded downwards may be pro 
vided at the bottom surface of the shower plate and recess 
portions depressed upwards may be formed at the base mem 
ber in a preset pattern. Further, the supply noZZles may be 
provided at the recess portions. 
[0019] The gas holes and the supply noZZles may be 
arranged to be equi-spaced when viewed from a plane. 
[0020] A distance from the bottom surface of the shower 
plate to a lower end of each supply noZZle may be equivalent 
to about 1/16 to about 3/16 of a wavelength of the supplied 
microwave. 
[0021] The supply noZZles may be provided at a portion of 
the shower plate excluding a central portion thereof. 
[0022] Flow rates of the ?rst gas supplied from the gas 
holes may be different for each of the gas holes and/or ?ow 
rates of the second gas supplied from the supply noZZles may 
be different for each of the supply noZZles. 
[0023] In another example embodiment, a shower plate 
supplies a ?rst gas and a second gas into a processing vessel 
of a plasma processing apparatus in which a plasma process is 
performed. The shower plate includes a multiple number of 
gas holes con?gured to supply the ?rst gas into the processing 
vessel and a multiple number of supply noZZles con?gured to 
supply the second gas into the processing vessel. Further, the 
supply noZZles are protruded vertically downwards from a 
bottom surface of the shower plate and are provided at differ 
ent positions from the gas holes. 
[0024] In accordance with the example embodiments, in 
the plasma processing apparatus that includes the shower 
plate con?gured to introduce a gas into the processing vessel 
and is con?gured to generate plasma by a microwave, it is 
possible to reduce deposits that might be caused by occur 
rence of a reaction and a gas phase reaction in the gas holes of 
the shower plate. 
[0025] The foregoing summary is illustrative only and is 
not intended to be in any way limiting. In addition to the 
illustrative aspects, embodiments, and features described 
above, further aspects, embodiments, and features will 
become apparent by reference to the drawings and the fol 
lowing detailed description. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0026] In the detailed description that follows, embodi 
ments are described as illustrations only since various 
changes and modi?cations will become apparent to those 
skilled in the art from the following detailed description. The 
use of the same reference numbers in different ?gures indi 
cates similar or identical items. 

[0027] FIG. 1 is a longitudinal cross sectional view illus 
trating a schematic con?guration of a plasma processing 
apparatus in accordance with an example embodiment; 
[0028] FIG. 2 is a diagram showing a con?guration on a 
microwave output side; 
[0029] FIG. 3 is a plane view schematically illustrating a 
con?guration of a microwave transmitting device; 
[0030] FIG. 4 is an enlarged longitudinal cross sectional 
view illustrating a schematic con?guration in the vicinity of a 
microwave introducing device; 
[0031] FIG. 5 is a bottom view ofa shower plate; 
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[0032] FIG. 6 is a bottom view of a shower plate in accor 
dance with another example embodiment; 
[0033] FIG. 7 is a perspective view illustrating an example 
con?guration of a lower plate having a base member; 
[0034] FIG. 8 is a perspective view illustrating an example 
con?guration of a lower plate having a base member in accor 
dance with another example embodiment; and 
[0035] FIG. 9 is a perspective view illustrating an example 
con?guration of a lower plate having a base member in accor 
dance with still another example embodiment. 

DETAILED DESCRIPTION 

[0036] In the following detailed description, reference is 
made to the accompanying drawings, which form a part of the 
description. In the drawings, similar symbols typically iden 
tify similar components, unless context dictates otherwise. 
Furthermore, unless otherwise noted, the description of each 
successive drawing may reference features from one or more 
of the previous drawings to provide clearer context and a 
more substantive explanation of the current example embodi 
ment. Still, the example embodiments described in the 
detailed description, drawings, and claims are not meant to be 
limiting. Other embodiments may be utilized, and other 
changes may be made, without departing from the spirit or 
scope of the subject matter presented herein. It will be readily 
understood that the aspects of the present disclosure, as gen 
erally described herein and illustrated in the drawings, may be 
arranged, substituted, combined, separated, and designed in a 
wide variety of different con?gurations, all of which are 
explicitly contemplated herein. 
[0037] First, an overall con?guration of a plasma process 
ing apparatus in accordance with an example embodiment 
will be explained with reference to FIG. 1. FIG. 1 is a longi 
tudinal cross sectional view schematically illustrating the 
plasma processing apparatus 1. 
[0038] In the present example embodiment, the plasma pro 
cessing apparatus 1 is con?gured as, by way of example, a 
CVD apparatus that performs a ?lm forming process as a 
plasma process on a semiconductor wafer W (hereinafter, 
simply referred to as a “wafer W”). The plasma processing 
apparatus 1 includes a processing vessel 10 con?gured to 
perform a plasma process on the wafer W in a hermetically 
sealed inside thereof. The processing vessel 10 is of a sub 
stantially cylindrical shape having a top opening and is made 
of a metal such as, but not limited to, aluminum. The process 
ing vessel 10 is electrically grounded. 
[0039] A susceptor 11 con?gured to mount the wafer W 
thereon is provided at a bottom portion of the processing 
vessel 10. The susceptor 11 is made of a metal such as, but not 
limited to, aluminum and is supported by a supporting mem 
ber 12 which is provided at the bottom portion of the process 
ing vessel 12 via an insulator 12a. In this con?guration, the 
susceptor 11 is in an electrically ?oating state. The susceptor 
11 and the supporting member 12 may be made of, but not 
limited to, aluminum having an alumite-treated (anodically 
oxidized) surface. 
[0040] A high frequency bias power supply 14 is connected 
to the susceptor 11 via a matching device 13. The high fre 
quency power supply 14 is con?gured to apply a high fre 
quency bias power to the susceptor 11, and, thus, ions in 
plasma are attracted to the wafer W. Further, though not 
shown, the susceptor 11 may be equipped with an electro 
static chuck con?gured to attract and hold the wafer W elec 
trostatically, a temperature control device, a gas ?ow path 
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through which a heat transfer gas is supplied to a rear surface 
of the wafer W, an elevating pin con?gured to elevate the 
wafer W up and down when transferring the wafer W, etc. 

[0041] A gas exhaust opening 15 is formed in the bottom 
portion of the processing vessel 10, and a gas exhaust device 
16 including a vacuum pump is connected to the gas exhaust 
opening 15. If the gas exhaust device 16 is operated, the inside 
of the processing vessel 10 is evacuated and depressurized to 
a required vacuum level. Further, a loading/unloading open 
ing 17 is a formed in a sidewall of the processing vessel 10, 
and a gate valve 18 con?gured to open and close the loading/ 
unloading opening 17 is provided at the loading/unloading 
opening 17. After opening the gate valve 18, the wafer W is 
loaded into or unloaded from the processing vessel 10. 

[0042] Provided above the susceptor 11 is a plasma genera 
tion antenna 20 (hereinafter, simply referred to as an “antenna 
20”) con?gured to supply a microwave while supplying a gas 
into the processing vessel 10. The antenna 20 closes the top 
opening of the processing vessel 10. Accordingly, a plasma 
space U is formed between the susceptor 11 and the antenna 
20. A microwave transmitting device 30 con?gured to trans 
mit a microwave is connected to a top portion of the antenna 
20. The microwave transmitting device 30 transmits a micro 
wave outputted from a microwave output unit 40 to the 
antenna 20. 

[0043] The plasma processing apparatus 1 further includes 
a controller 500 as illustrated in FIG. 1. The controller 500 is 
implemented by, e.g., a computer and includes a program 
storage unit (not shown). The program storage unit stores 
therein programs for controlling a processing of a wafer W in 
the plasma processing apparatus 1. The programs may be 
stored on a computer-readable storage medium such as, but 
not limited to, a hard disk (HD), a ?exible disk (FD), a 
compact disk (CD), a magnet optical disk (MO), a memory 
card, etc. The programs may be read out from the storage 
medium and installed at the controller 500. 

[0044] Now, referring to FIG. 2, con?gurations of the 
microwave output unit 40 and the microwave transmitting 
device 30 will be explained. 

[0045] The microwave output unit 40 includes a microwave 
power supply 41, a microwave oscillator 42, an ampli?er 43 
and a splitter 44 con?gured to split an ampli?ed microwave in 
plural. The microwave power supply 41 is con?gured to sup 
ply a power to the microwave oscillator 42. The microwave 
oscillator 42 is con?gured to generate a microwave of a preset 
frequency of, e.g., about 860 MHZ in PLL (Phase-Locked 
Loop). The ampli?er 43 is con?gured to amplify the gener 
ated microwave. The splitter 44 is con?gured to split the 
microwave ampli?ed by the ampli?er 43 while performing an 
impedance matching between an input side thereof and an 
output side to suppress a loss of the microwave. 

[0046] The microwave transmitting device 30 includes a 
multiple number of antenna modules 50 con?gured to intro 
duce the microwave split by the splitter 44 into the processing 
vessel; and microwave introducing devices 51. In FIG. 2, the 
microwave transmitting device 30 is illustrated to have two 
antenna modules 50 and two microwave introducing devices 
51. However, in the present example embodiment, the micro 
wave transmitting device 30 includes, as depicted in FIG. 3, 
for example, seven antenna modules 50 provided on top of the 
antenna 20. Among them, six antenna modules are concycli 
cally arranged on a common circle, and the rest one antenna 
module 50 is arranged at a center thereof. 

Sep. 25, 2014 

[0047] Each antenna module 50 includes a phase shifter 52, 
a variable gain ampli?er 53, a main ampli?er 54 and an 
isolator 55. The antenna module 50 is con?gured to transmit 
the microwave outputted from the microwave output unit 40 
to the microwave introducing device 51. 
[0048] The phase shifter 52 is con?gured to change a phase 
of the microwave. By controlling the phase shifter 52, a 
radiation characteristic of the microwave can be modulated. 
Accordingly, it is possible to vary a plasma distribution by 
controlling directivity. When such modulation of the radia 
tion characteristic is not necessary, the phase shifter 52 may 
be omitted. 
[0049] The variable gain ampli?er 53 is con?gured to 
adjust a power level of the microwave inputted to the main 
ampli?er 54 and, also, adjust plasma intensity. The main 
ampli?er 54 is implemented by a solid state ampli?er. The 
solid state ampli?er may include an input matching circuit, a 
semiconductor amplifying device, an output matching circuit 
and a high-Q resonant circuit, though not illustrated. 
[0050] The isolator 55 is con?gured to separate a re?ected 
wave of the microwave returned back to the main ampli?er 54 
after re?ected by the antenna 20. The isolator 55 includes a 
circulator and a dummy load (coaxial terminator). The circu 
lator is con?gured to guide the re?ected microwave from the 
antenna 20 to the dummy load, and the dummy load is con 
?gured to convert the re?ected microwave, which is guided 
by the circulator, into heat. 
[0051] Now, con?gurations of the microwave introducing 
device 51 and the plasma generation antenna 20 will be elabo 
rated with reference to FIG. 4. FIG. 4 is an enlarged longitu 
dinal cross sectional view illustrating a con?guration of, for 
example, the left half of the microwave introducing device 51 
and the antenna 20 in accordance with the example embodi 
ment. 

[0052] The microwave introducing device 51 includes a 
coaxial waveguide 60 and a wavelength shortening plate 70. 
The coaxial waveguide 60 includes a cylindrical external 
conductor 60a and a rod-shaped internal conductor 60b pro 
vided in a center of the external conductor 60a. The antenna 
20 is provided at a lower end of the coaxial waveguide 60 via 
the wavelength shortening plate 70. In the coaxial waveguide 
60, the internal conductor 60b serves as a power supply side, 
and the external conductor 60a serves as a ground side. The 
coaxial waveguide 60 is equipped with a tuner 80. The tuner 
80 includes, for example, two slugs 80a and is con?gured as 
a slug tuner. Each slug 80a is a plate-shaped body made of a 
dielectric material and is formed in a circular ring shape 
between the internal conductor 60b and the external conduc 
tor 60a. The tuner 80 moves the slugs 80a up and down by a 
non-illustrated driving device in response to an instruction 
from the controller 500 to be described later, so that an imped 
ance of the coaxial waveguide 60 can be adjusted. 
[0053] The wavelength shortening plate 70 is provided 
adjacent to a bottom surface of the coaxial waveguide 60. The 
wavelength shortening plate 70 is a dielectric member having 
a circulate plate shape. The wavelength shortening plate 70 
transmits and guides the microwave propagated through the 
coaxial waveguide 60 to the antenna 20. 
[0054] The antenna 20 has a shower plate 100. The shower 
plate 100 is provided adjacent to a bottom surface of the 
wavelength shortening plate 70. The shower plate 100 is of a 
substantially disk shape having a larger diameter than that of 
the wavelength shortening plate 70. The shower plate 100 is 
made of a conductor having a high electrical conductivity, 
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such as, but not limited to, aluminum or copper. The shower 
plate 100 is exposed to the plasma space U in the processing 
vessel 10, and a surface wave is propagated on the exposed 
bottom surface of the shower plate 100. Hereinafter, the sur 
face wave that is propagated in the exposed bottom surface 
will be referred to as a metal surface wave. 

[0055] The shower plate 100 includes an upper plate 110 
having a substantially circular plate shape and a lower plate 
120 having a substantially circular plate shape that are 
stacked on top of each other. The upper plate 110 has therein 
a gas ?ow path 130 which is formed through a top surface of 
the upper plate 110 and through which a gas is ?own in a 
diametrical direction of the upper plate 110. A second gas 
supply source 131 con?gured to supply a second gas is con 
nected to the gas ?ow path 130 via a gas supply line 132. By 
way of non-limiting example, a monosilane gas (SiH4) as a 
source gas is used as the second gas.A multiple number of gas 
holes 133 that is communicated with the gas ?ow path 130 
and is extended vertically upwards, are formed over an entire 
bottom surface region of the upper plate 110 corresponding to 
the wafer W mounted on the susceptor 11. Further, the upper 
plate 110 also has a multiple number of slots 220 through 
which a microwave is propagated. The slots 220 are formed at 
different positions from the gas holes 133. 

[0056] The lower plate 120 has a gas ?ow path 140 which is 
formed through a sidewall of the lower plate 120 and through 
which a gas is ?own in a diametrical direction of the lower 
plate 120. A ?rst gas supply source 141 con?gured to supply 
a ?rst gas is connected to the gas ?ow path 140 via a gas 
supply line 142. By way of example, a gas for plasma gen 
eration, such as a nitrogen gas, an argon gas, a hydrogen gas, 
or a mixture thereof may be used as the ?rst gas. Further, the 
gas ?ow path 140 are formed to be independent from the gas 
?ow path 130 in order to suppress the gas ?own in the gas ?ow 
path 140 from being mixed with the gas ?own in the gas ?ow 
path 130. 
[0057] Through holes 150 are vertically extended through 
the lowerplate 120 at positions corresponding to the gas holes 
133 of the upper plate 110. Further, as in the upper plate 110, 
slots 220 are formed through the lower plate 120 at positions 
corresponding to the slots 220 of the upper plate 110. 

[0058] A multiple number of gas holes 151, that is commu 
nicated with the gas ?ow path 140 and is extended vertically 
upwards, are formed over an entire bottom surface region of 
the lower plate 120 corresponding to the wafer W mounted on 
the susceptor 11. Further, the gas holes 151 are arranged at 
positions different from the through holes 150 and the slots 
220. The ?rst gas supplied into the gas ?ow path 140 from the 
?rst gas supply source 141 is introduced into the plasma space 
U of the processing vessel 10 from the bottom surface of the 
lower plate 120 through the gas holes 151. 

[0059] Supply noZZles 160, which are formed by thermally 
spraying an oxide ?lm or silicon to aluminum or stainless 
steel, are connected to lower ends of the respective through 
holes 150. That is, the supply noZZles 160 are provided at 
positions on the bottom surface of the lower plate 120 corre 
sponding to the through holes 150. Each supply noZZle 160 is 
vertically protruded downwards from the lower end of the 
through holes 150 by a preset length L, as depicted in FIG. 4, 
for example. With this con?guration, the second gas supplied 
into the gas ?ow path 130 from the second gas supply source 
131 is allowed to be introduced into the plasma space U of the 
processing vessel 10 through the supply noZZles 160 from 
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positions which are lower by the preset length L than posi 
tions from which the ?rst gas is introduced thereinto. 

[0060] Surfaces of the shower plate 100 exposed to plasma, 
i.e., the bottom surface of the lower plate 120 and the surfaces 
of the supply noZZles 160 may be covered with a ?lm (not 
shown) of, e. g., alumina (A1203) or yttria (YZO3) by thermal 
spraying. Accordingly, conductor surfaces may be not 
exposed to the plasma space U. 

[0061] The multiple number of slots 220 are formed at 
positions different from the gas ?ow paths 130 and 140, the 
gas holes 133 and 151, and the through holes 150, which 
serves as gas supply channels. Further, the slots 220 are 
formed in a direction perpendicular to the diametrical direc 
tion of the shower plate 100. One end of each slot 220 is 
adjacent to the wavelength shortening plate 70, and the other 
end thereof is opened to the inside of the processing vessel 10. 
A microwave is propagated through the coaxial waveguide 
60, transmitted through the wavelength shortening plate 70, 
and then, radiated into the processing vessel 10 through the 
slots 220. The inside of the slots 220 may be ?lled with a 
dielectric material such as, but not limited to, quartz. 

[0062] FIG. 5 is a bottom view illustrating a state in which 
the surface of the shower plate 100 exposed to the processing 
vessel 10, i.e., the lower plate 120 is seen from below. As 
shown in FIG. 5, the supply noZZles 160 and the gas holes 151 
of the lower plate 120 are alternately arranged at the lower 
plate 120 in, e.g., a lattice-shaped pattern. In FIG. 5, in order 
to distinguish the supply noZZles 160 and the gas holes 151, a 
position corresponding to each supply noZZle 160 is indicated 
by double circles, and a position corresponding to each gas 
hole 151 is indicated by a single circle. In this way, by arrang 
ing the supply noZZles 160 and the gas holes 151 alternately, 
it is possible to supply, e.g., a nitrogen gas and a monosilane 
gas uniformly onto a top surface of the wafer W. The arrange 
ment of the supply noZZles 160 and the gas holes 151 is not 
limited to the present example and may be modi?ed in various 
ways as long as the supply noZZles 160 and the gas holes 151 
of the lower plate 120 are arranged in a substantially uniform 
manner to uniformly supply the gases supplied from the sup 
ply noZZles 160 and the gas holes 151 onto the top surface of 
the wafer W. Here, the uniform arrangement of the supply 
noZZles 160 and the gas holes 151 of the lower plate 120 does 
not imply that a distance between each gas hole 151 and each 
supply noZZle 160 is the same but implies that the number of 
supply noZZles 160 is substantially same as that of gas holes 
151 and the supply noZZles 160 and the gas holes 151 are 
arranged alternately, as illustrated in FIG. 5. As another 
example besides the one depicted in FIG. 5, the supply 
noZZles 160 and the gas holes 151 may be alternately arranged 
concentrically, as illustrated in FIG. 6. 

[0063] The slots 220 are formed in a substantially annular 
shape. The supply noZZles 160 and the through holes 150 are 
formed in a region at inner circumference sides of the slots 
220 and a region at outer circumference sides thereof. The 
slots 220 are not formed in a complete ring shape and may be 
divided into, e.g., four separate fan-shaped sectors. The gas 
?ow path 140 is formed in gaps between the slots 220 not to 
communicate with the slots 220 and supplies the gas into the 
gas holes 151 formed inside the slots 220. 

[0064] The slots 220 are formed to be axially symmetrical 
with respect to a central axis of the antenna 20. Accordingly, 
it is possible to radiate a microwave from the slots 220 into the 
processing vessel 10 more uniformly. 
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[0065] A diameter of each gas hole 151 and each supply 
nozzle 160 is set to be a size that allows the microwave 
radiated into the processing vessel 10 not to enter the gas hole 
151 and the supply nozzle 160. In the present example 
embodiment, the diameter is set to be, e.g., about 0.6 mm. 
Further, the slots 220 are completely separated from the gas 
holes 133 and 151 and the through holes 150. Accordingly, it 
is possible to suppress an abnormal electric discharge in the 
gas holes 133 and 151 and in the through holes 150. 
[0066] Further, contact surfaces between the wavelength 
shortening plate 70 and the upper plate 110 and between the 
upper plate 110 and the lower plate 120 are sealed by non 
illustrated O-rings, respectively. Accordingly, the inside of 
the processing vessel 10 and the inside of the slots 220 can be 
set in a vacuum state, and the ?rst gas and the second gas can 
be suppressed from being mixed within the shower plate 100. 
[0067] The plasma processing apparatus 1 in accordance 
with the present example embodiment is con?gured as 
described above. Now, in describing an operation of the 
plasma processing apparatus 1, principles of the present dis 
closure will be explained ?rst. 
[0068] A binding energy of, e.g., a nitrogen gas used as the 
plasma generation gas in a microwave plasma process is 
about 9.91 eV. Meanwhile, in order to decompose, e.g., a 
monosilane gas (SiH4), which is used as the source gas when 
forming a ?lm on the wafer W by the plasma process, into 
SiH3, an energy of about 8.75 eV is required. An output of a 
microwave supplied to the antenna 20 in the microwave 
plasma process is determined based on an energy required for 
generating radicals or precursors which are used in forming 
the ?lm. Typically, in a microwave plasma process using a 
metal surface wave (particularly, in a surface wave plasma 
process using an evanescent wave), an electron temperature at 
a region in the vicinity of a bottom surface of the antenna 20 
as shown in FIG. 1, for example, in a region X within about 5 
mm from the bottom surface of the antenna 20 is higher than 
an electron temperature in a region under the region X. 
[0069] Accordingly, as in the conventional case, if the 
nitrogen gas as the plasma generation gas and the monosilane 
gas as the source gas are supplied from the same plane on the 
surface of the shower plate, the nitrogen gas is decomposed 
into nitrogen radicals in the region X. However, in the region 
under the region X, since the electron temperature is low and 
energy is not enough, the nitrogen gas is not decomposed. 
Meanwhile, the monosilane gas is decomposed into SiH3 
even the region under the region X and is more actively 
decomposed in the region X where the electron temperature is 
high. Accordingly, SiH3 may be generated excessively in the 
region X, so that a silicon ?lm may be formed and deposited 
in the gas holes of the shower plate. 
[0070] In order to reduce deposits that might be caused by 
occurrence of a reaction and a gas phase reaction, the output 
of the microwave and the electron temperature in the region X 
need to be reduced. However, as mentioned above, since a 
preset level of electron temperature is required in the region X 
in order to decompose the plasma generation gas, there has 
been a limit in reducing the output of the microwave. 
[0071] In this regard, in order to suppress unnecessary 
deposits that might be caused by occurrence of the reaction 
and the gas phase reaction, the present inventors have inves 
tigated a method of introducing the source gas from the 
shower plate into the processing vessel 10 without passing 
through the region X having the high electron temperature. If 
the source gas is supplied into the processing vessel 10 from 
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the sidewall of the processing vessel 10 as in the conventional 
case, it is dif?cult to control the gas ?ow within the processing 
vessel 10. Thus, uniform plasma may not be generated. That 
is, it is required to maintain a vertically descending gas ?ow 
toward the wafer W from the shower plate 100. The present 
inventors have found out that it is possible to introduce the 
source gas into the processing vessel 10 without passing 
through the region X if the gas ?ow paths 130 and 140 are 
formed separately to allow the plasma generation gas and the 
source gas not to be mixed with each other within the shower 
plate 100 and the nozzles having the length L longer than that 
of the region X are connected to the ?ow path for the source 
gas. In such a case, since it is possible to suppress the source 
gas from being excessively decomposed in the region X, 
generation of precursors from the source gas can also be 
suppressed, so that the gas holes can be suppressed from 
being blocked. This is the principle of the present disclosure, 
i.e., the reason why the shower plate 100 is divided into the 
upper plate 110 and the lower plate 120 and the supply 
nozzles 160 are provided at the lower plate 120. 

[0072] In FIG. 4, the second gas supply source 131 is con 
nected to the gas ?ow path 130 of the upper plate 110, and the 
through holes 150 and the supply nozzles 160 are formed at 
the lower plate 120. However, the con?guration of the shower 
plate 100 may not be limited thereto. Especially, it is possible 
to select either one of the gas ?ow path 130 of the upper plate 
110 and the gas ?ow path 140 ofthe lower plate 120 as a ?ow 
path to which the second gas supply source 131 is connected. 
By way of example, if the second gas supply source 131 is 
connected to the gas ?ow path 140 of the lower plate 120, the 
supply nozzle 160 may be connected to the gas holes 151 
instead of being connected to the through holes 150. In such 
a con?guration, the plasma generation gas as the ?rst gas is 
directly supplied into the processing vessel 10 through the 
through holes 150, whereas the source gas as the second gas 
is directly supplied into the processing vessel 10 through the 
supply nozzles 160 from the positions lower than the bottom 
surface of the lower plate 120 by the preset length L. 
[0073] Further, since a temperature in the vicinity of the 
bottom surface of the lower plate 120 is high due to the 
surface wave plasma, a temperature of the gas ?owing in the 
gas ?ow path 140 may be increased due to heat of the plasma 
and the internal energy thereof may be also increased to be 
easily decomposable by the surface wave plasma. Thus, if a 
gas which is dif?cult to be decomposed, i.e., the plasma 
generation gas in this case is ?own in the gas ?ow path 140, it 
may be possible to accelerate the decomposition of the gas by 
the surface wave plasma. Therefore, it is desirable to connect 
the second gas supply source 131 con?gured to supply the 
source gas to the gas ?ow path 130 of the upper plate 110 and 
connect the ?rst gas supply source 141 con?gured to supply 
the plasma generation gas to the gas ?ow path 140 of the 
lower plate 120. 
[0074] Meanwhile, by providing the supply nozzles 160, 
which are protruding members, at the lower plate 120, the 
surface wave is also propagated to the supply nozzles 160, to 
generate a resonance, so that uniform plasma may not be 
generated in the plasma space U. For this reason, the structure 
such as the supply nozzles 160 has not been employed con 
ventionally. However, by setting the length L of the supply 
nozzle 160, i.e., a distance from the bottom surface of the 
lower plate 120 to a lower end of the supply nozzle 160 to be 
equivalent to about 1/16 to about 3/16, more desirably, about 1/8 
of a wavelength of a microwave introduced into the process 
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ing vessel 10, resonance of the surface wave at the supply 
nozzle 160 can be suppressed, and it is possible to generate 
plasma stably within the processing vessel 10. Further, since 
the region X in which electron temperature is high due to the 
surface wave has a thickness of about 5 mm from the bottom 
surface of the shower plate 100, the lower end of the supply 
nozzle 160 is located suf?ciently below the region X if the 
length L of the supply nozzle 160 is set to be, e.g., about 1/16 
to about 3/16 of the wavelength of the microwave. In the 
present example embodiment, since a microwave of, e.g., 
about 860 MHZ having a wavelength of, e.g., about 348.6 mm 
is used, the length L of the supply nozzle 160 may be set to be, 
e.g., about 43.6 mm, in the range from, e.g., about 21 .8 mm to 
about 65.4 mm. 

[0075] The plasma processing apparatus 1 in accordance 
with the present example embodiment has a structure based 
on the above principles. Now, a process performed in the 
plasma processing apparatus 1 will be described for an 
example case of forming a silicon nitride ?lm on a wafer W. 

[0076] First, a wafer W is loaded into the processing vessel 
10 and mounted on the susceptor 11. Then, a mixture gas of a 
nitrogen gas, an argon gas and a hydrogen gas is introduced 
from the ?rst gas supply source 141 into the processing vessel 
10 via the lower plate 120 of the shower plate 100. Then, a 
microwave is outputted from the microwave output unit 40 
and introduced into the processing vessel 10 through the 
microwave transmitting device 3 0, the wavelength shortening 
plate 70 and the slots 220. As a result, surface wave plasma is 
generated by a metal surface wave generated in a surface of 
the antenna 20, and nitrogen radicals are generated. Further, a 
monosilane gas as a source gas is introduced into the process 
ing vessel 10 from the second gas supply source 131 via the 
supply nozzles 160. 
[0077] The monosilane gas introduced into the processing 
vessel 10 is excited by the plasma and decomposed into SiH3. 
At this time, since the monosilane gas is introduced into the 
plasma space U within the processing vessel 10 without pass 
ing through the region X right under the bottom surface of the 
antenna 20 where an electron temperature is high, the 
monosilane gas may not be decomposed excessively. As a 
result, occurrence of a reaction and a gas phase reaction by the 
excessive SiH3 can be suppressed. 
[0078] The nitrogen radicals and the SiH3 may reach a 
surface of the wafer W by being carried on a vertically 
descending gas ?ow toward the wafer W and is deposited on 
a top surface of the wafer W as silicon nitride. As a result, a 
silicon nitride ?lm is formed on the top surface of the wafer 
W. 
[0079] In accordance with the above-described example 
embodiment, since the source gas, e. g., the monosilane gas is 
supplied into the processing vessel 10 through the supply 
nozzles 160 protruded vertically downwards from the bottom 
surface of the lower plate 120 of the shower plate 100 by the 
preset length L, the monosilane gas does not pass through the 
region X having the high electron temperature in the vicinity 
of the shower plate 100. Accordingly, excessive decomposi 
tion of the monosilane gas by the surface wave plasma can be 
avoided. As a result, when performing a plasma process on 
the wafer W by using the shower plate 100, it is possible to 
suppress a silicon ?lm from being formed in the gas holes of 
the shower plate 100. 
[0080] Further, since the supply nozzles 160 and the gas 
holes 151 are uniformly arranged, it is possible to uniform, 
e.g., a density of the nitrogen radicals and a density of SiH3 on 
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the surface of the wafer W. As a consequence, it is possible to 
deposit the silicon nitride ?lm on the surface of the wafer W 
in a uniform thickness. 

[0081] Moreover, since the length of the supply nozzle 160 
is set to be, e.g., about 1/8 of the wavelength of the microwave 
outputted from the microwave output unit 40, it is possible to 
remove resonance condition of the microwave at the supply 
nozzles 160 protruded toward the plasma space U. As a con 
sequence, the supply nozzles 160 can be suppressed from 
serving as an antenna and hampering generation of plasma. 
Thus, in accordance with the plasma processing apparatus 1 
of the present example embodiment, it is possible to perform 
a stable plasma process. Further, with this con?guration, it is 
possible to actively control the formation of the silicon nitride 
?lm on the surface of the wafer W by adjusting a supply 
amount (generation amount) of the nitrogen radicals. 

[0082] In the above-described example embodiment, the 
lower plate 120 is formed in the circular plate shape. Here, it 
may be also possible to provide a base member 250 at a region 
on the bottom surface of the lower plate 120 where the supply 
nozzles 160 are provided. The base member 250 is protruded 
downwards by a preset length D. In this case, the base mem 
ber 250 is provided not to be contacted with the supply 
nozzles 160, as illustrated in FIG. 7, for example. That is, 
portions of the base member 250 corresponding to the supply 
nozzles 160 are recessed upward. Further, although the gas 
holes 151 are not shown in FIG. 7 for the simplicity of illus 
tration, the gas holes 151 are formed in a bottom surface of the 
base member 250. With this con?guration, a part of the micro 
wave radiated from the slots 220 (quartz ring) may be 
re?ected to weaken the microwave propagated to the supply 
nozzles 160. Meanwhile, although it is possible to weaken the 
microwave propagated to the supply nozzles 160 with this 
con?guration, generation of radicals from a plasma genera 
tion gas such as a nitrogen gas or an argon gas supplied from 
positions having a same height as base ends of the supply 
nozzles 160, i.e., from the bottom surface of the base member 
250 may be also weakened. By way of example, to avoid this 
problem, grooves 25011 as depicted in FIG. 7 may be formed 
on the bottom surface of the base member 250. By forming 
the grooves 25011, the plasma generation gas such as the 
nitrogen gas or the argon gas is heated in the grooves 250a, so 
that the generation of radicals thereof can be accelerated. As 
an example shape of the grooves 25011, the grooves 250a may 
be formed in, e.g., a lattice-shaped pattern surrounding the 
respective supply nozzles 160, as depicted in FIG. 7. 

[0083] In addition, as depicted in FIG. 8, an outer diameter 
of each supply nozzle 160 may have two or more levels in a 
lengthwise direction of the supply nozzle 160. To elaborate, 
as shown in FIG. 8, each supply nozzle 160 has a large 
diameter portion 160a and a leading end portion 1601). Here, 
the large-diameter portion 16011 has a diameter larger than the 
supply nozzle 160 shown in FIG. 7, and also has a preset 
length from the base endportion of the supply nozzle 160, i.e., 
a preset length from an end portion of the supply nozzle 160 
at the side of the lower plate 120. Further, the leading end 
portion 160!) is extended from the large-diameter portion 
16011 to a leading end of the supply nozzle 160, and has a 
diameter smaller than that of the large-diameter portion 1 60a. 
Accordingly, the microwave may be re?ected on a comer 
portion of the supply nozzle 160 formed in a step shape as the 
diameter of the supply nozzle 160 is changed at a boundary 
between the large-diameter portion 160a and the leading end 
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portion 16019. As a result, the microwave propagated to the 
supply nozzle 160 may be weakened greatly. 
[0084] Further, the grooves 250a may not necessarily be 
formed at the base member 250. Besides, although the base 
member 250 is formed not to be contacted with the supply 
noZZles 160 in the example shown in FIG. 7, it may be also 
possible to directly provide the supply noZZles 260 on a 
bottom end of the base member 250, as depicted in FIG. 9. In 
such a case, the length of each supply noZZle 260 is the same 
as the length L of each supply noZZle 160 in FIG. 7. That is, 
the length from the bottom end of the base member 250 to a 
leading end of the supply noZZle 260 is set to be L regardless 
of presence or absence of the base member 250 or arrange 
ment of the supply noZZles 160 (260). With this con?guration 
where the supply noZZles 260 are directly provided at the base 
member 250, it is also possible to greatly weaken the micro 
wave propagated to the supply noZZles 260. Further, the 
present inventors have observed that even in case that the 
grooves 25011 are not formed at the base member 250, it is 
possible to suppress radical generation from the plasma gen 
eration gas such as the nitrogen gas or the argon gas from 
being weakened at the base end of the supply noZZles 260. 
Further, in FIG. 8 and FIG. 9, the gas holes 151 are not 
depicted for the simplicity of illustration. Further, in the con 
?guration of FIG. 8, it may be possible to form the same 
grooves 25011 as those shown in FIG. 7. In such a case, it is 
also possible to accelerate radical generation from the plasma 
generation gas such as the nitrogen gas or the argon gas due to 
the effect of the grooves 250a. 

[0085] Further, in general, if a frequency of a power sup 
plied to the antenna increases, a high frequency current ori 
ented toward a center side from an edge side ?ows on a 
surface of the antenna facing plasma due to a surface effect. 
As a result, on the bottom surface of the antenna, there is 
generated an electric ?eld intensity distribution in which elec 
tric ?eld intensity is higher at a central portion surrounded by 
the slots 220 and gradually decreases toward an edge portion. 
For this reason, the present inventors have also observed that, 
in the antenna 20 in accordance with the present example 
embodiment as well, electric ?eld intensity is increased in the 
vicinity of supply noZZles 160 located at a central portion 
surrounded by the slots 220. Through researches, the present 
inventors found out that by removing the supply noZZles 160 
located at the central portion surrounded by the slots 220, it is 
possible to suppress an increase of the electric ?eld intensity 
in the vicinity of the supply noZZles 160 at the central portion. 
Thus, the supply noZZles 160 may not be provided at the 
central region of the lower plate 120 surrounded by the slots 
220. Here, the central portion surrounded by the slots 220 
may not imply a single point in a region surrounded by the 
slots but may implies a region within, e. g., about 40 mm from 
a center of the region surrounded by the slots 220. 

[0086] In the above-described example embodiment, the 
second gas supply source 131 is connected to the gas ?ow 
path 130 of the upper plate 110 via the single gas supply line 
132, and the ?rst gas supply source 141 is connected to the gas 
?ow path 140 of the lower plate 120 via the single supply line 
142. However, by way of example, each of the gas ?ow path 
130 and the gas ?ow path 140 may include separate annular 
?ow paths that are arranged concentrically, and a multiple 
number of supply lines 132 and a multiple number of supply 
lines 142 may be formed at the gas ?ow path 130 and the gas 
?ow path 140, respectively. With this con?guration, it is pos 
sible to control a ?ow rate of a gas supplied into each of the 
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annular ?ow paths. Thus, since it is possible to control a the 
supply amount of the gas for each region of the lower plate 
120, a more uniform plasma process can be performed on the 
waferW by controlling the supply amount of the source gas or 
the plasma generation gas based on, for example, the electric 
?eld intensity distribution. 
[0087] Especially, when supplying a monosilane gas into 
the processing vessel 10 as the source gas by using the con 
ventional shower plate without the supply noZZles 160, the 
source gas may be excessively decomposed on a bottom 
surface of the shower plate 100, so that it may be dif?cult to 
control a generation amount of SiH3. However, in the present 
example embodiment, since excessive generation of SiH3 can 
be suppressed by supplying the monosilane gas through the 
supply noZZles 160, it may be possible to adjust a generation 
amount of SiH3 by controlling a supply amount of the 
monosilane gas. In such a case, by controlling the supply 
amount of the gas for each region of the lower plate 120 
through the gas supply lines 132 and the gas supply lines 142, 
it is possible to adjust generation amounts of nitrogen radicals 
and SiH3 more precisely. Therefore, a more uniform plasma 
process can be performed on the wafer W. 

[0088] Further, in the above-described example embodi 
ment, the shower plate 100 includes the upper plate 110 and 
the lower plate 120. However, the structure of the shower 
plate 1 00 may not be particularly limited thereto but modi?ed 
in various ways as long as the gas ?ow path 130 for the second 
gas and the gas ?ow path 140 for the ?rst gas are indepen 
dently formed in the shower plate 100 and these gases are not 
mixed within the shower plate 100. 
[0089] From the foregoing, it will be appreciated that vari 
ous embodiments of the present disclosure have been 
described herein for purposes of illustration, and that various 
modi?cations may be made without departing from the scope 
and spirit of the present disclosure. Accordingly, the various 
embodiments disclosed herein are not intended to be limiting, 
with the true scope and spirit being indicated by the following 
claims. 

We claim: 
1. A plasma processing apparatus including a processing 

vessel in which a plasma process is performed and a plasma 
generation antenna having a shower plate which supplies a 
?rst gas and a second gas into the processing vessel, the 
plasma processing apparatus performing the plasma process 
on a substrate with plasma generated by a surface wave 
formed on a surface of the shower plate through a supply of a 

microwave, 
wherein the shower plate has a plurality of gas holes con 

?gured to supply the ?rst gas into the processing vessel 
and a plurality of supply noZZles con?gured to supply 
the second gas into the processing vessel, and 

the supply noZZles are protruded vertically downwards 
from a bottom surface of the shower plate and are pro 
vided at different positions from the gas holes. 

2. The plasma processing apparatus of claim 1, 
wherein the second gas is more easily decomposed by the 

plasma than the ?rst gas. 
3. The plasma processing apparatus of claim 2, 
wherein the second gas is a source gas, and the ?rst gas is 

a gas for generating the plasma. 
4. The plasma processing apparatus of claim 1, 
wherein a base member protruded downwards is provided 

at the bottom surface of the shower plate, 
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recess portions depressed upwards are formed at the base 
member in a preset pattern, and 

the supply nozzles are provided at the recess portions. 
5. The plasma processing apparatus of claim 1, 
wherein the gas holes and the supply nozzles are arranged 

to be equi-spaced when viewed from a plane. 
6. The plasma processing apparatus of claim 1, 
wherein a distance from the bottom surface of the shower 

plate to a lower end of each supply nozzle is equivalent 
to about 1/16 to about 3/16 of a wavelength of the supplied 
microwave. 

7. The plasma processing apparatus of claim 1, 
wherein the supply nozzles are provided at a portion of the 

shower plate excluding a central portion thereof. 
8. The plasma processing apparatus of claim 1, 
wherein ?ow rates of the ?rst gas supplied from the gas 

holes are different for each of the gas holes and/or ?ow 
rates of the second gas supplied from the supply nozzles 
are different for each of the supply nozzles. 

9. A shower plate that supplies a ?rst gas and a second gas 
into a processing vessel of a plasma processing apparatus in 
which a plasma process is performed, the shower plate com 
prising: 

a plurality of gas holes con?gured to supply the ?rst gas 
into the processing vessel and a plurality of supply 
nozzles con?gured to supply the second gas into the 
processing vessel, 

wherein the supply nozzles are protruded vertically down 
wards from a bottom surface of the shower plate and are 
provided at different positions from the gas holes. 

* * * * * 
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