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"PLASMA '!RBUKBM' JIB'l'HOO MID APPARA'l'US 11 

'rhe p:esent invention relates ta e plasma 

treatment method by which •ubat<::ates such as 

semiconductor wafers are etched or s~uttered under 

s plasma atmosphere. It also relates to a plasma 

treatmentapparatu for the same. 

Recently, aaicond.ucto:r: devices are mere and more 

highly inteqrated and the plasma t:eatment is therefore 

asked to have a finer workability in their makinq 

10 cou:r:ae. In ~J:der to achieve such a fine: workability, 

the process chamber auat be decoapre•aed to a greater 

extent, pla8111a density muat be kept hiqher and the 

treatment must have a higher selectivity. In the case 

of the conventional plasma treatment :methods, however, 

15 high frequency voltage becomes higher aa output .J.s made 

larqer, and ion energy, therefore, becomes strohgu 

than needed. The semiconductor wafer becomes 

susceptible to damage, acco.rdinqly. Purther, the 

process chamber is kept about 25-0 lll'J?orr in the case of 

20 the conventional methods and when the degree of vacuum 

in the process chamber is made hi9her (or the internal 

pressure in the chamber is made smaller), plasma cannot 

be kept stable and its density cannot be made high. 

When gases are made plasma, the action of ions in 

25 the plasma becomes diffexent, dependinq upon 

frequencies of high frequency power. In short, ion 

energy and plasma, density can be controlled 
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independently of the other when hi9h frequency power 

ha~in9 two different f reCJUenciea ia applied to process . 
;asea. However, ions (loaded particles) easil.y run 

from plasma to the wafer at a frequency band, but it 

s becomes difficult for them to xun from the plasma 

sheath to the wafer at anothe: frequency band (or 

transit frequency zone), '?he so-called follow-up of 

ions becomes unstable. 

Particularly :molecular gases change their 

lO dissociation, depending upon varioua conditions (such 

ae kinds of gae, flow rate, h!.gh frequency power 

applying conditions and internal pressure and 

tamperer.tu.re in the process chamber), and the follow-up 

of ions in the plasma sheath changes in response to 

15 this changing dissociation. Further, the follow-up of 
~ 

ions at the transit frequency zone also depends upon 

their volume (or mass). Particularly in the case of 

moleeular gases used in etching and CVD, the 

dissociation of gaa Y!mlecule• prog%eeses to an extent 

20 greater than needed when electron temperature becomes 

high with a little increase of high frequency power, 

and the behavior of ions in the plaama sheath changes 

accordingly. Plasma properties such as ion current 

density become thus unstable and the plasma treatment 

25 becomes uneven, thereby causing the p~ductivity to be 

lowered. 

When the-frequency of high"frequency power is only 
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made hiqh to increase plaSJla density, the dissociation 

of gas molecules proCJi:eaaea to the extent greater than . 
needed. It ia thez:efcra desir~la tbat the plasma 

density is raised not to depend upon whether the 

s frequency !a high or low • 

.In object of tbe p:.i:asent invention is therefore to 

provide plasma treat.llent aet.hod and apparatus capable 

of controllin9 both of the dissociation of gas 

molecules and the f ollaw-up of ions and also capable of 

10 promoting the incidence of ions onto a substrate to be 

treated. 

Another o~ject of the present invention is to 

provide plasmA treatment method end apparatus capable 

of raisinq the plasma density with amalle: hiqh 

15 frequency power not to dam.age the substrate to be 

treated. 

According to the present invention, there can be 

provided a plasma treatment method af plasma-treating a 

substrate to be treated under decompressed atmosphere 

20 comprisinq exhaustin9 a process chamber: mounting the 

substrate on a lower electrodeJ supplying plasma 

generating gas to the substrate on the lower electrode 

through an upper electrode; applying high frequency 

power having a first frequency f 1, lower than the lower 

25 limit of io~ transit frequencies characteristic of 

process gas, to the lower electrode; and applying high 

frequency power having a second frequency, higher than 
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t.be upper limit of ion tran•it frequencies 

characteristic of proceaa ~as, to the upper electrode, 

whereby a plasma generates in bhe process chamber and 

activated species influence the substrate to be 

5 treated. 

It ~s preferable that the first frequency f 1 is 

set lower than S MHz, more preferably in a range of 

100 kHz - l MHz. lt is alao preferable that the second 

frequency f 2 is aet higher than 10 MHz, 1110re preferably 

10 in a range of 10 MHz - 100 MHz. 

Hiqh frequency power havinq the frequency lower 

than the lower limit of ion transit frequencies is 

applied to the lower electrode. ~herefore, the follow­

up of ions becomes more excellent and ions can be more 
15 efficiently accelerated with a smaller power. In 

addition, both o~ ion and electron currents change more 

smoothly. Further, the fallow-up of ions does not 

depend upon kinds of ion. The plasma treatment can be 

thua :made more stable even when the degree in the 

20 process chamber and the rate of ;ases mixed chanqe. On 

the other hand, high frequency power havinq the 

f.requ91l.cy higher than the upper limit of ion transit 

frequencies is applied to the upper electrode. 

Therefore, ions can be left free from frequencies of 
25 their transit frequency zone to thereby enable more 

stable plasma to be generated. 

Ion transit frequency zones of process gases used 
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by the plasma treatment in the process, such as 

e·tching, CVD and sputterin;, of making semiconductor 

devices are almost all in the range of 1 MHz - 10 MHz. 

Impedances including such capacitive components 

s that the impedance relative to high frequency power 

becomes smaller then sevei:al kQ and that the impedance 

relative to relatively low f:equenc:y power beccnaes 

larqer than several Q are arranged in ser~ea between 

the upper electrode and its matching circuit and 

10 between th• and the ground. cu~rent is thus made 

easier to flew to rai1e the plasma density and ion 

control. 

This invention can be more fully understood f rpm 

the following detailed description when taken in 

15 .conjunction with the aoccmpanyinq drawings, in which: 

BIG. 1 is a block diagram showing the plasma 

etching apparatus acco:rdin9 to an embodiment of the 

present invention, 

FIG. 2 is a flow chart ahowinq the plasma etchinq 

20 method accordinq to an mabodiment of the present 

invention7 

•1G. 3 shows a wavefo::m of frequency applied to an 

upper (0% second) electrode1 

FIG. 4 shows a waveform of frequency applied to a 

25 lower (or firat) electrode (or suscepter); 

PIG. S is a graph showinq transit frequency zones 

of various gases; 
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PIG. 6 i• a block diag:aa ahow~ng the plasma 

etchinq apparatu• acco1:ding to another embcdiment of 

the present inventionJ 

PIG. 7 ia a block diagram ahowinq the plasma 

5 etching apparatus according to a further embodiment of 

the p:eaent invention; 

10 

15 

rIG. 8 is a block diaqram showing the plasma 

etching apparatua according to a still further 

embodiment of the present invention; 

FIG. 9 is a vertically-sectioned view showing a 

housinq and D ring member of the plasma etching 

apparatus; 

FIG. 10 is a ve:tically-sectioned view showing the 

ring member being cleaned; 

PIG. 11 is a vaxtically-sectionad view showlnq the 

ring member bainq alaanedp 

FIG. 12 is a perspective view showing an upper 

shower electrode and a semiconductor wafer dismantledJ 

PIG. ll i• a block diagrma showing the plasma 

20 etching appa~atua aacordiiig to a still f U%:ther 

embodiment of the present invention; 

tIG. 14 is a ve~tically-aectioned view showinq the 

plasma. etchin9 apparatus when the suscepter is lowered; 

FIG. 15 ie a vertically-sectioned view showing the 

25 plasma etching apparatus when the suscepter is lifted; 

FIG. 16 is a partly-sectioned view showing a wafer 

carry-in and -out 9ate and a baffle member; 
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PIG. 17 ia a partly-sectioned view showing the 

wafer ca~:cy-in and -0\lt gate and another ~af f le 

member; 

PIG. lB ii a block diagram showing the plasma 

s etching apparatus acaordin9 to a still further 

embodiaent of the present inftntion; 

PIG. l9 is a perspective view showin9 a cover for 

the uppez shower electrode; 

WIG. 20 is a perspective view ahowinq another 

10 cover for the uppe~ showe%' electrode; 

15 

PIG. 21 is a vertically-sectioned view showing the 

cover for the upper ahowe:r electrodaJ 

FIG. 22 is a plan view showing the cover for the 

upper shower elect:ode; 

l'IG. 23 shows how the cover is attached to 'the 

upper shower electrode; 

GIG. 24 shows how the cover is detached from the 

upper shower alectrod•J 

FIG. 25 is a sectional view showinq the cover 

20 being cleaned: 

25 

PIG. 26 is a sectional view showing a further 

cover; 

FIG. 27 is a sectional view showing a still 

further cover; 

PIG. 28 is a sectional view showinq a still 

further cover; 

FIG. 29 ia a .block diagram showing a magnetron 
I 
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plasma etching apparatus in which plasma is being 

generated; 

PIG. 30 is a perspective view showin9 a baffle 

member a%ranged on the aide of the suaaepter; 

S fIG. 31 is a va:t1cally-aactioned view showing a 

hole formed in the baffle memberJ 

g1G. 32 is a vertically-sectioned view showing 

another hole formed in the another baffle member; 

FIG. 33 shows plas .. generated in the conventional 

10 apparatus; 

fIG. 34 ia intended to ezplain the relation of the 

process chamber to magnetic field qenerated by a 

permanent magnet; 

FIG. 35 is a block diagram showing the plasma 

15 etchinq apparatus accordinq to a still further 

embodiment of the present invention; 

FIG. 36 is a block diagram showing the inside of a 

vaporizer; 

FIG. 37 is a sectional view showing another 

20 vaporiser; 

25 

PIG. 39 is a sectional ~iew showing a further 

vaporizer; 

FIG. 39 ia a perspective view showinq a still 

further vaporizer~ 

FIG. 40 is a sectional view shoving a pipe in 

which plural kinds of gas are mixed; 

FlG. 41 is a block diagram showing a plasma CVD 
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apparatus provided with the vaporizer; 

~IG. 42 is a sectional view ehowing the inside of 

the conventional vapo,;1ae%'; and• 

FIG. 43 is a graph 8howin9 the change of qas flow 

s rate at the initial 1tac;e of ;aa supply. 

Some embodiaents of the p~aent invention will be 

described with refeJ:ence to the accompanying drawinqs. 

Refe:r:rinq to l"IQS. 1 tlu:cmgh s, a first embodiment will 

be deec:r.:Lbed. 

10 A process chamber 2 of an etchinq treatment 

apparatus l 1• aasemb~ed l'>y al'Wllite-p.rocessed aluminium 

plates. It is earthed and a auscepter 5 insulated by 

an insulating plate 3 is arranged in it. The suscepter 

5 is suppo:ctad by ita bottom through the insulating 

15 plate 3 and a support 4. 

A coolant chaaber 6 is f o::r:med in the suscepter 

support 4. lt is communicated with a coolant supply 

supply (not shown) through inlet and outlet pipes 7 and 

8 and coolant such as liquid nitrogen is circulated 

20 between it and the coolant supply supply. 

An internal passaqe 9 is formed in a suscepter 

assembly which comprises the insulating plate 3, the 

support 4, the suscepter 5 and an electrostatic chuck 

ll, and heat exchanger gas s11Ch as helium qas is 

25 supplied from a gas supply supply (not shown) to the 

underside of a wafer W through it. 

The top center portion of the suscepter S is 



- 10 -

awalled and the elact.roatat1c chuck 11, same in shape 

as the wafer w, 11.maunted on the swelled portion of 
. 

the auacepter s. A conductive •lal'9r 12 of the 

electrostatic chuck 11 is sandwiched between two 

s sheets of high molecular polyi&i.de film. It is 

c:Onriected to a 1.!5 kV ix: high voltage power supply 13 

arranged. outside the proceas chamber 2. 

A focus ring 14 ia arranged on the top of the 

au1cepter 5 along the outu rill thereof, enclosing the 

10 wafe%' w. It ia made of insulating material not to draw 

:reactive iou. 

An upper electrode 21 ts opposed to the top of the 

ausc:epter assembly. Ita· electrode plate 24 is made of 

SiC or amorphous carbon and it• support member 25 ia 

15 made by an alUllite .. proc:esa aluainiua plate. Its• 

underside is separated from the wafer w on the ' 

suscepter assembly by about 15 - 20 mm. It is 

supported by the top of the precess chamber 2 through 

an insulating member 22. A plurality of apertures 23 

20 are fol:D\ed in its underside. 

A gas inlet 26 is £01'1lled in the center of the 

support 25 and a gas inlet pipe 27 is connected to it. 

A qas supply pil)e 28 is connected to the qas inlet pipe 

27. The oas supply pipe 28 !a divided into three which 

25 are communicated with p:ocees gas supply sources 35, 36 

and 37, respectively. 'the first one is communicated 

with the CP4 gas supply aource 35 through a valve 29 
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and a maea flow controller 32. The second one with the 

02 qas aupply supply 36 through a valve 30 and a mass 

flow controller 33. The thi:r:d bne with the a2 gas 

supply supply 37 through valve 31 and a mass f lcw 

5 controller 34. 

An exhaust pipe 41 is connected to the bottom of 

the p:r:ocess chamber 2. .An exhaust pipe 44 is also 

connected to the bottom of an adjacent load lock 

chamber 43. Both of them are communicated witn a 

10 common exhaust mechanism 45 which is provided with 

a turbo :molecular pump and the like. The load lock 

chamber 43 is connected to ~he process chamber 2 

throuqh a gate valve 42. A carrier arm mechanism 46 is 

arranged in the load loek chamber 43 to carJ:Y the 

15 wafers W one by one between the process chamber 2 and 

the load lock chamber 43. 

A hiqh frequency power applier Means for 

generating plasma in the procsaa chamber 2 will be 

described. · 

20 A first oscillator 51 serves to oscillate high 

frequency signal having a frequency of BOO kHz. A 

circuit extending from the oscilla~or 51 to the lower 

electrode (or suscepter) 5 includes a phase controller 

52, an amplifier 53, a matching unit 54, a switch sw1 
25 and a feeder rod 55. The amplifier 53 is an a:e· 

generator and the matching unit 54 includes a decoupling 

capacitor. The switch sw1 is connected to the feeder 
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rod 55. A capacitance 56 is arranged on an earthed 

circuit of the feeder rod 5S. 'Jhe phase controller 52 . 
hcuses a bypass ci:cuit (not ah.own) and a changeover 

switch (not shown) therein to enable signal. to be sent 

5 from the first oscillator 51 to the amplifier 53 

through the bypass circuit. Sigh frequency signal 

oscillated is applied to the auacepter S through the 

phase controller 52, the amplifier 53, the matching 

unit 54 and feeda: :cod. 55. 

10 On the other hand, a second oecillatox- 61 serves 

to oscillate high frequency &ignal having a frequency 

of 27 MHz. A circuit extending from the oscillator 61 

eo the upper (or shower) electxode 21 includes an 

amplitude moclula1:or 62, an amplifier 63, a matchinq 

15 unit 64, a switch SW2 and a feede~ rod 65. The • 

amplitude modulator 62 is connected to a signal'circuit 

of the second oscillator 61 and also to that of the 

first oscillator 51. It houaea a bypass circuit (not 

shown) and a changeover aw.itch (not shown) in it to 

20 enable signal to be •ent frcm it to the amplifier 63 

through the bypass cirf:?ult. 'lhe amplifie.r: 63 is an RF 

genera.tor and the matching unit 64 inaludes a 

decoupling capacitor. The switch sw2 is connected to 

the feeder rod 65. A capacitance 66 and an inductanc:e 

25 67 are arranged on an ~arthed circuit of the feeder rod 

65. High frequency signal oscillated is applied to the 

upper electrode 21 through the amplitude modulator 62, 
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the amplifier 63, the matching unit. 64 and the feeder 

J:od 65. High frequency sipal having the frequency of 

BOO ld!Z can also i,e applied, a• modulated wave, to the 

amplitude moclul&tor 62. 

'lhe reason why the eart.hecl circuit of the feeder 

rod 55 includes no ind~ctance resides in that the 

electrostatic chuck 11, the gae passage 9, the coolant 

chamber 6, lifter pins (net shewn) and the like are 

included in the lower elect.J:ode s~gnal transmission 

10 circuit, that the feeder rod 55 itself is long, and 

that th• auaaepter 5 it•elf has le.x;a inductance 

ac:cordinqly. 

The amplifiers 51 and 64 are arranged 

independently of the other. 'l'herefore, voltages 

15 applied to the upper elecuode 21 and the suscepter S 

can be c:hanqed independently of the other. 

Referrinq to PIG. 2, it will be described how 

silicon oxide film (Si02) on the silicon wafer w ia 

plasma-etched. 

20 Beth of the load lock chambex '3 and the process 

chamber 2 are exhausted to substantially same internal 

pressure. 'l'he qat.e valve 42 ia opened and the wafer w 
ia carried from the load lock chamber 43 into the 

process chamber 2 (step S1). ~·gate valve 42 is 

25 closed and the p.roceea chamber 2 is further exhausted 

to set its internal preasu~• in a ranqe of 10 -

250 m'l'Orr (step S2). 



14 -

The valve• 29 and 30 are opened, and CF4 an4 02 

;aaes are introduced into the process chamber 2. Their 

flow rates are controlled and "dley are mixed at a 

predetermined rate. The (C!' + o2) lllixed gases are 

5 supplied to the wafer W through apereures 23 of the 

upper ahawei- eleatrcde 21 (step SJ). When the internal 

pressure in the chamber 2 .becamea stable at about 1Pa 1 

high frequency voltages are applied tc the upper and 

lower electrodes 21 and 5 to 9enerate plasma. between 

10 them. 

Frequencies of h19h frequency power applied to the 

upper and lower electrcdes 21 and 5 to qenerate plasma 

are controlled as follows (step S4). 

The switches sw1 and SW2 are opened to disconnect 

15 (OFF) the capacitance 56 from the feeder rod 55 and the 

' capao~tance 66 and the inductance 67 from the feeder 

rod 65. Whan the oscillators 61, Slr the amplitude 

.modulator 62 and the amplifiers 63, SJ are made 

operative under this state, hiqh frequettcy power having 

20 a certain wavefora is applied to the upper electrode 

21. Hiqh frequency power having a frequency same as or 

higher than the higher one af upper ion transit 

frequencies characteristic of CF4 and o2 gases is 

applied to the upper electrode 21.· High frequency 

25 power having a waveform aho~-n in FIG. 3, for example, 

is applied to the upper electrode 21. Plasma is thus 

generated. 
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On the other hand, biqh fnqu.enc:y power having a 

aeztain wavef oza is applied to the lower electrode S by 

the oscillator 51. Hf.9h fnquUcy power having a 

frequency same aa or lower than the lower one of ion 

5 transit frequencies characte~istic of cr4 and o2 gases 

is applied to the lowe:r: electrode 5. High frequency 

power having a wavefom shown in rIG. 4, for example, 

is applied to the lower electrcde. Ions in plasma are 

thus accelerated and drawn to the wafer w, passing 

10 throuqh the plaama sheath, to thereby act on the 

wafer w. 

The high frequency by which plasma is generated 

has the wavefoxm shown in FIG. 3 in this case. 

'therefore, the disaociation of gaaea introduced into 

15 the process ohulbar 2 i• not advanced t.o an extent 

greater than needed. 
f 

I:n addition, the frequency of 

800 kHz by which ions in plasma are accelerated and 

drawn to the wafer W can be controlled in phase by the 

phase controller 52. Ions can be tbus drawn to the 

20 wafer W before the dissooLat~on of gases progresses to 

the extent 9reater than needed. When ions most 

suitable for etchinq axe generated, therefore, they ean 

be made incident onto the wafer w. When they are 

caused to act on the wafer W while cooling it, 

25 therefore, anisotropic etching having a hiqh aspect 

rate can be realized. 

The phase control of_ the high frequency powe:: 
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(frequencys 800 kH•) applied to the lower electrode may 

be baaed on a state under whieh the dissociation of 

gases does not pro9resa to the•extent greater than 

needed or a state under which the dissociation af gases 

s progresses to the final stage, they a.re then combined 

again and become radicals auitable for etchinq. 

ru:rthe.r, it may ]:)a arranged that a dummy wafer ow 

i• used and that ~he tl:eatment is carried. out while 

conf irmin9 the extent ta whicb the phase of the high 

lO frequency 800 lcHa is shifted. fte timing at which the 

phase of the hi9h freczuency 800 kHz ia shifted may be 

previously set in this case, dependinq upon kinds of 

process gases, etching, coating and the like. 

When the end point of anisotropic etchin9 ls 

15 detected (step SS), exhaust, process qas introdueinq 
• and plasma control steps 86, S1 and se are successively 

carried out to isotropically etch film on the wafer w. 
The exhaust step S6 is substantially sa11.e as the above­

deaeribed one S2. At the pi:oc:esa gas introducing step 

20 S7, C4F9, CHP3r A2:' and CO gaeee, for example, different 

from those at the above-described step S3, are supplied 

to the process chamber 2. 

At the pla~ control 9tep SS, plasma is 

controlled substantially as seen at the above-described 

25 step S4. When the end point of iactropic etching is 

detected (step S9), t.he applying of the high frequency 

power is stopped and the process chamber 2 is exhausted 
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while supplying nitrogen gas into it (step SlO). The 

gate valve 42 ia opened and the wafer W is carried from 

the process chamber 2 into the' load lock chamber 43 

(step Sll). 

5 Referring ~o PIG. 5t the plasma control ateps S4 

and SS will be described in mo:e detail. 

fIG. S is a graph showing ion transit frequency 

zones characteristic of three kinds of gases A, B and 

C, in which frequencies ar• plotted on the vertical 

10 axis. An ion transit frequency sone Az of gas A extends 

from an upper end Au to a lower end Al, an ion transit 

frequency zone Bz of gas ! from an upper end Bu to a 

lower end Bl, and an ion transit frequency ~one Cz of 

qas C from an upper end Cu to a lower end Cl. CHF3 or 

15 co gas is oited aa qaa A. Ar gas is cited as gas B. 

CF4, C41s or o2 gas ia cited aa gas c. At least one or 

more gases selected from the group consis~ing of cr4 , 

C4F9, CHF31 Ar, 02 and CO gases are used as process 

qaa. In short, process qas may be one of them or one 

20 of mixed gases (CH3+Ar+02), (CB!'3+C0+02}1 (C4F8+ArT02)1 

(C4P9+CO+Ar+o2) and (CF4+CHP3)· 

When aixed gases of A, B and C are used as process 

gas, the hiqh frequency power applied to the upper 

electrode has a frequency highe~ than the highest one 

25 Bu of upper ion transit frequencies Au, Bu and Cu and 

the high frequency power applied to the lower electrode 

has a frequency lower than .the lowest one Cl of lower 
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ion trans.it !raquenciea Al, Bl and Cl. 

Another etchinq treatment method conducted using . 
th• aboVe- described etching t~eatmant apparatus l will 

be described 

The switches sw1 and SW2 are closed or turned on 

to connect the siqnal transmission circuits to their 

earthed o1rcui ts • High frequency signal ( frequency: 

800 kHz) ia amplified directly by the amplifier 53, 

:bypassing th• phase controller 52, and applied eo the 

10 auacepte.r 5 th.J:ough the matching unit 54. on the other 

hand, high fz:equenay signo.l (frequency: 27 MHz) ia 

amplified directly by the amplifier 63, bypasei.n9 the 

amplitude modulator 62, and applied to the upper 

electrode 21 via the matahinq unit 64 and the feeder 

15 rod 65. 

Conventionally, the matching unit arranged' on the 

side of the suscapter is ~.a.tched relative to the high 

frequency of 800 kBs but it becomes high in impedance 

relative to the high frequency of 27 MHs applied frOID 

20 the upper elect.zode, t.he:r:eby malcing it difficult for 

the hioh frequency applied from. the upper electrode to 

flow to the suscepter. Plasma is thus scattered, so 

that the plasma density decreases. 

!n the apparatus l, however, the capacitance 56 is 

is arra.nqed between the feed.er rod and the qrour:d. A DC 

resonance cireu1t can be thus fo:cmed. relative to the 

high frequency appl,ied. from the upper electl'ode. When 
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the value of the capacitance 56 ia adjusted, considerinq 

the constant of a dis~!buted constant circuit, 

therefore, composite Smpeclance·c:an be made smaller than 

several n to thereby mke it easy for the hiqh 

5 frequency applied from the upper electrode to flow to 

the susaepter s. 'l'henfon, cw:nnt density can be 

raised and plasma density thws attained can also be 

:z:aiaed. 

On the othe.r hand, th• capacitance 66 and the 

10 inductance 67 a"°a attached to the feeder rod 65 

arranged on the side of the upper electrode 21. 

'l'herefore, a DC resonance circuit is also provided 

relative to the hiqh f~equency of 800 kHz, thereby 

makin9 it easy for the high fnq:uency 800 kHz applied 

15 to the side of the auscepte~ 5 to flow to the upPe:r 

electrode 21. 
f 

~e incidence of ions in plasma onto the 

wafer w is promoted accordingly. 

Although high frequency power havinq the frequency 

27 MHz has been applied to the upper electrode 21 and 

20 high frequency power bavinCJ the frequency 800 kHz to 

the lower electrode 5 in the above-described 

embodiment, ot.b.e:t fr9C1ueneiee may be set, depending 

upon kinda of process gas. 

It ia desirable that hiqh frequency power applied 

25 to the lower electrode 5 has a fxequency lower than the 

inherent lower ion transit. frequency or lower than 

l MH& and that hi9h frequency power applied to the 
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upper electrocle 21 haa a fra;uency higher than the 

inherent upper ion tranait frequency or hiqhar than 

10 az. 11hen ao arranged, ion.a are more efficiently 

accelerated with a fltAller high frequency power and the 

S follow-up of ions .S.n the ple8M abeath to bias 

f:r:equenciies l)eocaes stable even when the rate of gases 

mized and the degree of vacuum 1n the p:rocesa chamber 

are a little changed. 'fherefozie, ions can be made 

incident onto the wafer without scattering in the 

10 plasma sheath, thereby tmabling a finer work tc be 

achieved at hi;h speed. 

Accoxc:U.nq to the present invention, the follow-up 

of ions is more excellent due to the high trequency 

power applied to he first electxode and they can be 

15 more e.1!:ficiantly accalcaUd with a smaller power. In 

20 

• addition, plasm 1 tself can be kept stable. A more 

stable treatment can be thus realised ev'en when the 

degree of vacuum in the pzooeas che:mber and the rate of 

qases mixed change. 

Further, when the dissociation is controlled not 

to p.rogress to the extent g:eater than needed and the 

phase of the high fz:a&JUell.cy pcwar applied. to the first 

electrode is also controlled, ions or radicals needed 

tor the treatment can be c:eated at a desired timinq 

25 and they can be made incident onto the wafer. 

Anisotropic etching treatment havinq a high aspect rate 

c~n be thus attained. ~n addition, damage applied to 
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th• wafer• can he •'OO!ld· r=ther, pla•ma density can 

be •de high without nising the hitJh fS'!eqUency power . 
and 1-ca frequnc:y, and 1on ccm'trol can be made easier. 

A second embodiment will be described referring to 

s PIG. 5. same components a• those in the above­

daacribecl first embodiment will be mentioned only when 

needed. 

An etching treatment apparatus 100 has, as high 

:frequency power applieJ: means, two high frequency power 

10 auppli•• 141, 151 and a ~rana!ormar 142. The primaxy 

side of the trana!orM: 142 ts·connectlid to the first 

power supply 141 and then earthed. Its secondary side 

is connected to both of the upper and lower electrodes 

21 and 105. A first low paac filter 144 ia arranged 

15 between the secondary side and the upper electroae 21 
f and a second low pasa filte.r 145 between the secondary 

side and the lower electrode 105. -:he first power 

supply l'l serves to apply high frequency power having 

~he relatively low f:i:equency such as 380 kff• to the 

20 electrodes 105 and 21. When •iliaon oxide (Si02) film 

is to be etched, it ia opt.i.mma that a frequency £0 of 

high f requanoy power applied from the first power 

supply 141 is 380 kHs and when polyailicon (poly-Si) 

film ia to be etched, it i• preferably in a range of 

25 10 kHz - 5 Kaz. 

The transformer 142 has a controller 143, by which 

the power of the first power supply 141 is distributed 
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to both electrodes 105 and 21 at an optional rate. !'or 

example, 400W of full powe:m: 10001' can be applied to the . 
auscepte: 105 and 600W to the 'Gpper electrode 21. In 

addition, high frequency pow:a whose phasea are 

s shifted from each othex 1'y 180" are applied to the 

auscepter 105 and the upper electrode 21. 

The second power aupply 151 serves to apply high 

frequency powe: having the high f requ.ency such as 

13.56, for aX4D1Ple, to the upper electrode ll. It is 

10 connected to the upper electrode 21 via a capacitor 152 

and then earthed. This pla._ generating circuit is 

called » mode one. It is optiaum that a frequency f 1 

of high frequency power applied from it is 13.56 Ml!a, 

preferably in a ranga of 10 • 100 MHz. 

15 It will be described how silicon oxide film'(Si02) 
,. 

on the silicon wafer W is etched by the above-described 

etchinq apparatus 100. 

The wafer W is ZllOunted on the suscepter 105 and 

sucked and held there by the electrostatic chuck 11. 

20 The process ohamber 102 is eXhauatea while introducing 

CP4 qas into it. After its inte.rnal pressure reaches 

about 10.~or:s:, high :fJeequency power of 13.56 MHz is 

applied from the second power supply 151 to ~he upper 

elect~ode 21 to make cr4 gas into plasma a..~d dissociate 

25 gas molecules between the upper electrode 21 and the 

suscepter 105. on the other hand1 hiqh frequency power 

of 380 kHz is ap~lied f:om the first power supply 141 
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= the upper and lower electa=odea 21 and 105. Ions and 

radicals such a• f luoric cmee in plaSDl&•like gas 

aoleaulea a:r:e thus drawn to t.he ~uscepter 105, thereby 

enabling silicon oxide !illl on the wafer to be etched. 

The CJ80.9rating and keeping of plasma. itself are 

attained in this casa by the high frequency power 

having a higher frequency and applied. from the second. 

power supply 151. Stable and high density plasma can 

be i:hua created. In adcU.tion, activated species in 

10 this plaama are controlled. by the high frequency power 

cf 380.klls applied to the uppe~ and lower electrodes 21 

and 105. r.rherefore, a more highly selective etching 

can be applied to the wafer w. Ions cannot follow up 

to the high f :equency power which has the frequency of 

15 13,55 M&z and by which plasma is generated. Even when 
' the output of the power supply 151 is made large to 

generate high density pla•ma, however, the wafers W 

cannot be damaged. 

'the first and second low pass filte~s 144 and 145 

20 a~• arranged on the •ec:ondaz:y c£rcuLt of the 

transfo:cmer 142. 'rhia p:eveata the high frequency 

power having the fJ:equency of 13.56 KHz and applied 

frcm the second power a~pply 151 from entering into the 

secondazy circuit of the tranafoxmer 142. Therefore, 

25 the high frequency power having the frequency of 

13.56 MHs does not interfere with the one having the 

frequency of 380 kHz, thereby making plaeaa stable. 
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Blocld.nq capacitoZ"& may be u•ed instead of the low pass 

filters 144 and 145. Although h.Lgh frequency powers 

have been contJ.nuou•ly applied't~ t.he electrodes in the 

above case, modulation power which l>eeomes strong and 

5 weak periodically 1111.r be applied to the electrodes 21 

and 105. 

A third appe.:atua 200 will be described with 

reference to PIG. 7. sue components as those in the 

above-deecribed f ir1t And second embodiaaents will be 

10 mentioned only when needed. 

A high frequency power eirouit of this apparatus 

200 is different from that of the second embod.iment in 

the following points: A auscepter 205 of the apparatus 

200 is not earthed; no low pass filter ia arranged on 

15 the secondary circuit of a tranafo%Jler 275; and a 
• 

second tranafo:cme~ 282 is arranged on the circuit of a 

second power supply 281. 

"l'he second power supply 281 serves to generate 

high frequency powe: oi 3 a:a. It is connected to the 

20 primary aide of the ~ranafoz:aer 282, whose secondary 

side are connected to upper and lower electrodes 21 and 

205. A controlle: 293 wh~ch controls the distribution 

of power is also attached to the secondary aide of the 

transformer 282. 

25 It will be described how the etching treatment is 

carried out by the apparatu1 200. 

High frequency powers of 3 MHz wnose phases are 
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shifted f:o111 each other by 1eo· a.re app.i.i.ed from the 

power supply 281 to the auacepter 205 and the upper 

electrode 21 to gene.rate plasma' between them. At the 

same time, hiqh frequency powers of 380 kllz whose 

S phases are shifted from each other by 180" are applied 

from a power supply 274 to them. Ions in plasma 

generated are thus accele:ated to enter into ~he wafer 

w. 
. . 

Further, the two high frequency power supplies 274 

10 and 281 in the thiJ:d appaxatua are arranged 

independently of the o~he~. ln short, they a~e of the 

power split type. 'fherefora, they do not interfel:e 

with each other, thereby enabling a more stable etching 

treatment to be realized. 

lS rurthel:IDOre, high frequency powers are supplied 
" from the two power supplies 274 and 281 to both of 

upper and lower electrodes 21 and 205, respectively. 

The flow of current can be thus concentrated on a 

narrow area between the upper 21 and the lower 

20 electrode 205. Aa the result, a high density plasma 

can be generated and the ef fieiency of controlling ions 

in plasma can be raised. 

A fourth embodiment will be described, referrinq 

to FIGS. 8 through l2. Same components as thoee in the 

25 above-described embodiments will be mentioned only when 

needed. 

As she>Wn in FIG. B, an etching apparatus 300 has 
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a cylindrical or rectangular colwnn-like air-tiqht 

chamber 302. A top lid 303 is connected to the side 

wall af the process chamber 302 by hinges 304. 

~emperatura adjuster aeana such as a heater 306 is 

5 arranged in a suacepter 305 to adjust the tr.eated face 

of a ~reated substrate W to a desired temperature. The 

heater 306 is made, for example, by inserting a 

conductive resiatance heating unit auch aa tungsten 

into an inaulatinq sintered body made of aluminium 

10 nitride. current is supplied ~o thi• reaistant heating 

unit through a filter 310 to control the temperature of 

the wafer W in such a way that the treated face of the 

wafer W is raised to a predeter.mined temperature. 

A high frequency power supply 319 is connected to 

15 the suscepter 305 through a blocking capaci~or !18. 

" When the wafer W is to be etched, the high frequency 

power of 13.56 MHz is applied from the power supply 319 

to the suscapter 305. 

'l'ha suscepter 305 is aupported by a shaft 321 of a 

20 lifter mechanism 320. When the shaft 321 0£ the lif te.r 

mechanism 320 is extended and retreated, the auscepter 

305 is moved up and down. A bellows 322 is attached to 

the lower end of the suaaepter 305 not to leak gases in 

the process chamber 302 outside. 

25 Reaction products deposit in the process chamber 

302. A ring- 325 ia freely detachably attached to the 

outer circumference of the suscepter 305. It is iuade 
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preferably of 'P'ffB (teflon), P1"A., polyimide or PBI 

(polyben1oim1da1ole). It may also be made of such a . 
:eain 'Chat has insulation in a'temperature ranqe of 

aommon temperature - soo·c or of such a metal like 

5 alwainiUJI\ that has insulating film on its surface. A 

baffle plate 326 is made inteqral ta it. A plurality 

of holes 328 are formed in the baffle plate 326. They 

are intended to adjust the flow of gases in the precess 

cha.Der 302, to make its exhaust uniform, and to make a 

10 pressure difference .between the treatment space and 

15 

a space downstream the flow of qasea. A top portion 

327 of the ring 325 ie bene inwards, extending adjacent 

to the electro-static chuck 11, to :ma.lee the top of the 

suscepter 305 exposed aa small as possible. 

An upper elect:ode 330 is arranged above the 
.. 

suscepter 305. When the etching treat."1lent is to be 

carried out, the suscepter 305 is lifted to adjust the 

interval between the auscepter 305 and the upper 

electrode 330. ~he upper electrode 330 is made hollow 

20 and a gas supply pipe 332 1s connected to ~his hollow 

po%tion 331 to introduce cr4 gas and others from a 

process gas supply supply 333 into the no11ow portion 

331 through a mass flov controller (UC) 334. A 

diffusion plate 335 is arranged in the hollow portion 

25 331 to promote the unifol:ll\ diffusion or scAttering of 

process gases. Further, a process gas introducing 

section 337 having a plurali·t.y of apertures 336 ia 
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a2:rangad under the cU.ffuaion plate 335. An exhaust 

opening 340 which is conaunieated with an exhaust 

system provided with a vacuwn ~ and others is fozmed 

J.n the side wall of the pxoceaa chamber 302 at the 

s lower portion thereof to ezhAuat the process chamber 

302 to an internal preasu:a of o.s Torr, for example. 

When the wafer W is etched in the process chamber 

302, reaction products ue caused and they adhere to 

the ring 325 and the baffle plate 326, laavinq the 

10 outer circumference of the euscepter 305 substantially 

free from them. Whan th• etching treat:raant is 

finished, th• wafer W is carried out of the process 

chamber 302 into the load lock chamber 43. A next new 

wafer W is then carried frca the load lock chamber 43 

15 into the process cb&ltber 302 and etched in it. When 

this etching treatment 1s repeated many times, a lot of 

reaction p~oducts &db•:• ~o the ring 325. 

As shown in PIG. 9, the top lid 303 of the process 

chamber 302 is opened and the ring 325 is detached from 

20 the suacepter 305. Reaction products are then removed 

from the ring 325 by cleaning. 

~a ti.me at which the ring 325 must be cleaned is 

determined as followas 

the number of particles adhering to the wafer w 

25 which has been t=eated by the apparatus 300 is counted 

and when it becomes la~x than a predetermined value1 

the number of particles scattering in the 
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atmosphere exhausted from the apparatus 300 and/or at 

leeet in one o: more areas in th• exhaust pipe is 

counted and when it :bec::ometl lal:gu than a predetermined 

value; 

when predeteained eheeta of the wafer w have been 

treated in the e.ppara':ua 300; and 

when the total of hours during which plasma has 

been qenerated or the plasma treatment has been carried 

out .reaches a predete:r:mined value. 

10 Dxy or wet cleaning is ued. 4rhe dry clea.ninq is 

carried out in auch a wy that Clr3, Cl'4 or !113 gas is 

blown to the ring 325 which 1• left attached to the 

suacepter 305 or which 1s detached f:r:cm the susoepter 

305 and left outside the P2!0CHS chamber 302, as shown 

lS in FIG. 10. 
.. 

On t.he other hand, tha wet cleaning is carried out 

in such a way that the ring 325 to which reaction 

products have adha:ed i1 illllnersed in cleaninq liquid 

351 in a container 3501 aa shown in FIG. ll. IPA 

20 (iaopropyl alcohol), water or fluorophosphcric acid is 

used as aleaning liquid 351. 'l'he rinq 325 from which 

i:eaction product.a have b~«t removed by the dry or wet 

cleaning- is aga.in attached to t.he suscept.er 305 and the 

plasma treatment is th.en repeated. 

25 When the wafers W are to be etched, plural rings 

325 are previoualy prepa~ed relative to one susaepter 

305. ·If so, cleaned one can be attached to the 
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auscepter 305 while cleaning the ~ther. 

The d:cy or wet cleanJ.ng can be appropriately used 

to remove reaction products from'the ring 325. When 

the dry cleaning is compared with ~'le wet one, however, 

5 the fo:caer is eaaiar in carrying out it but its 

cleaning is more incomplete. To the aantra.ry, the 

latte~ is more excellent in cleaning the ring 325 but 

i~a work ia relatively more t:oublesome. Therefore,it 

is desiral:>le that the wet cleaning is periodically 

lO inaer~ea while %9gula~ly carrying out the dry cleaning. 

'l'he baffle plate will 1'e deacribed ~eferrin9 to 

FIGS. 12 and 13. 

As shown in FIG. 12, it is preferable that an 

effective diameter o1 is set not larger than a diameter 

15 o2. 'l'he effective diame~•r n1 represents a diameter of 
• that area whe~e the procasa gas jetting apertures 336 

are present, and the diameter o2 denotes that of the 

wafer w in this case. When the effective diameter o1 
is set in this Jll&nller, a hi;h efficient etching can be 

20 attained in the prooeas c:hamber 302. It is the most 

preferable that the eff eotive cliameter o1 is set to 

occupy about 90% of the diameter D3. 

Providing that the underside 338 of the upper 

electxode has a diameter D3, the effective diameter D11 

25 the diameter o2 and the diameter o3 meet the followinq 

inequality (1). 

--- {l) 
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'Nhen the ring the whole of whic:h is made of 

insulating material is used aa it is, the effective 

area of the lower electrode becomes substantially 

smaller than tha~ of the upper electrode, thereby 

5 maJd.nq plasma uneven. nia pro])lea can be solved when 

the effective area of the lower electrode is made same 

as that of the upper electrode or when it is made 

larger than that of the upper electrode. 

As shown in FIG. 13, the baffle plate 326 is made 

10 integral to the ring 325. It is divided into a po~tion 

360 equal to the diameter D4 and another po~tion 361 

larger than it, and the inner portion 360 is made of 

metal such as aluminium and stainle&$ steel while the 

outer portion 361 of PTl'E (taflon), PPA, polyimide, PBI 

15 (polybenzoimidazole), other insulating resin or• 

alumita-processed aluminium. 

The di8ll18ter o4 is made same as or larger than the 

diameter o3• At least the inner portion 360 of the 

baffle plate 325 is positioned just under the upper 

20 electrode 330. The ring 326 is div~ded into an upper 

half 363 and a lower half 364, sandwiching an insulator 

362 between them. The upper half 363 is made of metal 

such a• aluminium and stainless steel and it is made 

inteqral to the inner portion 360 of the bnf fle plate 

25 326. A power supply 319 which serves to !ipply high 

frequency power to the suscepter 305 is connected to 

these inner portion JGO of the baffle plato J26 and 
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u.pper half 363 of the ring 325 by a lead 367 vi.a a 

blocking capacJ.tor 318. At. least those portions (the 

inner portion 360 of the baffle plate and the upper 

half 363 of the ring) which are positioned just under 

5 th• upper electrcde 330 a:i:e made same in potential. In 

o:r:der to make it easy to exchange the ring 325, it is 

preferable that the lead 367 is connected to the upper 

half 363 of the ring or the inner portion 360 of the 

baffle plate 326 by an easily-detached socket 368. A 

10 lower auscepter 365 is insulated from the upper one 305 

by an inaulatinq laye~ 366. The lower halt 364 of the 

ring is also the~efore insulated f:om the upper half 

363 the~eof by the insulator 362. 

When at least that portion of the baffle plate 326 

15 which is positioned just under the upper electrode 330 
• ia made same in potential aa the suscepter 305, as 

described above, plasma c:an be made uniform. 

Referring to PIGS. 14 and 15, it will be described 

how the side opening 41 of tha process chamber 302 

20 through which the wafer W is carried in and out is 

opened and closed as the suscepter is moved up and 

down. 

The rinq 325 prov~ded with the baffle plate 326 

encloses the auaeepter 305. The lifter means 320 is 

2s a~ranged under the process chamber 302 attd the 

suscepter 305 is supported by the shaft 321 of the 

lifter means 320. 



33 

When the auacepter 305 is moved down, as shewn in 

PIG. 14, tha baffle plate 326 is positioned lower than . 
the side opening 41. When it'ls moved up, as shown in 

l'IG. 15, the baffle plate 326 is positioned higher than 

5 the side openin; 41. 

When the auaceptez: 305 is moved down and the 

baffle plate 326 is poai~ioned lower ~nan the side 

opening 41, the~efore, the wafer W can be freely 

carried in and out o! the process chamber 302 through 

10 the side opening 41. When the baffle plate 326 is 

positioned higher than the side opening 41 at the time 

of etching treatment, however, the side openinq 41 is 

shielded from the process space between the upper and 

the lower electrode, thereby preventing plasma from 

15 entering into the side opening 41. 

As shown in FIG. 16, it may be arranged that a 

shielding plate 370 is attached to the outer 

circwaference of the baffle plate 326 and that the side 

opening 41 is closed by the shielding plate 370 ~hen 

20 the susqepter 305 is moved up. Particularly, the side 

open.inq 41 is too narrow for hands to be .inserted. 

Therefore, inert qaa may be supplied, as purge gas, 

into a clearance 3?1 between the shielding plate 370 

and the inner face.of the process chamber 302 not to 

25 cause process gases to enter into the side opening 41. 

Similarly, purge gas may also be supplied into a 

clearance 372 between the wafer-mounted stage 305 and 
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the upper half 363 of the ring 325. 

The side opening 41 may be closed ~ a shielding 

plate 373 attached t.o the outer circumference of the 

baffle plate 326, aa shown in FIG. 17, when the baffle 

s plate 326 is lifted half the side opening 41. 

Referring to PIGS. 18 through 28, the cleaning of 

a fifth CVD apparatus will be described. Same 

components as those in the above-described embodiments 

will be mentioned. only when needed. 

10 A CVO apparatus 500 haa a process chamber 502 

which can be exhausted vacuum. A top lid 503 is 

connected to the aide wall of the process chamber 502 

• by hinges 505. A shower head 506 is fo.r:med in the 

cent.er portion of the top lid 503 at the underside 

15 thereof. A process qas supply pipe 507 is connected to 

the top of the shower head 506 to introduce mixed qases 

(SiH4 + H2) from a process gas supply 508 into the 

shower head 506 through a mass flow controller (MFC) 

510. A plurality of qas jettinq apertures 511 are 

20 formed in the bottom of the shower head 506 and process 

~aaes are supplied to the wafer w through these 

apertures 511. 

An exhaust pipe 516 which is communicated with a 

vacuum pump 515 is connected to the side wal! of the 

25 process chamber at the lower portion thereof. A laser 

counter 517 which serves to count the number of 

particles contained ln the gas exhausted. from the 
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process chamber 502 ia attached to the exhaust pipe 

516. The procems chamber 502 i• decompressed to about 

io-6 Torr by the exhaust means sis. 
The proces1 chamber 502 has a bottom plate 521 

5 supported by a substantially cylindrical support 52C 

and cooling water chambers 522 are focaed in the bottom 

plate 521 to circulate cooling water supplied throuqh a 

cooling water pipe 523 through them. 

A suacepter 525 is mounted on the bottom. plate 521 

10 through a heater 526 and these heater 526 and the 

wafer-mounted staqe 525 ere enclosed by a heat 

insulating wall 527. The heat insulatinq wall 527 has 

• a mirror-finished surface· to reflect heat radiated from 

around. The heater 526 is heated to a predetermined 

15 temperatu~e or 400 • 2ooo·c by voltage applied from an 

AC power supply (not shown). The wafer won the stage 

525 is heated to eoo·c or more by the heater 526. 

An electrostatic chuck 530 is arranqed on the top 

of the wafer-mounted stage 525. It comprises polyimide 

20 resin films 531, 532 and a conductive film 533. A 

variable DC voltage supply (not shown) is connected to 

the conductive film 533. 

A detector section 538 of a temperature sensor 537 

is etl\l)ed.decl in the auecepter 525 to successively detect 

25 temperature in the wafer-mounted &ta9e 525. The power 

of the AC powet supply which ia supplied to ~he heater 

526 is controlled responsive to signal applied from the 
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~e:atura sensor 537. A lifter 541 is connected to 

the auacaptez 525 thco119h a JD!amber 543 to move !~ up . 
and down. Those port:icms of • support plate 546 

ttu:ouc;h which sapport pole• 544 and 545 are passed are 

s provided with bellows 541 and 5•8 to keep the procees 

ehamber 502 air-tight. 

A cover 560 is f :reely d•itachably attached to the 

shower head 506. It is made of material of t.he PTFB 

(teflon) qroup, PPA, polyim.tde, PBI 

10 (polybenaoiaidazole) or polybensoazole, which are 

inaulatora and heat resistant. In the case of the 

plasma CVD apparatus, the wafer-mounted staqe 525 is 

• heated to about 350 - 400"C at the time of plasma 

process and in the caae of the beat CVD apparatus, it 

is is usually heated hiOh9%' than sso·c or to about boo·c. 

The cover 560 is thezefore Mele of such a mate:rial that 

can resist this radiation beat. 

Aa shown in PIG. 19, a la~geMdiAJaeter opening 563 

is formed in a bottma 561 of the caver 560. When the 

20 cover 560 is attached to the shower head 506, the gas 

:jetting apertures 511 of the ahonr head 506 appear in 

the opening 563. 

As shown in PIG. 20, a plurality of apertures 565 

may also be fo:r:mad in the cover 560. These apertures 

25 565 are aligned with those of the shower head 506 in 

this case. 

As shown in FIG. 21, recesses 570 may be fo.rmed in 
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the out&% circ'Ullfe~ence of t:he shower head 506 while 

clawa 571 are formed on an inner circwnferenee 562 of . 
the cover 505, as ah.own in FIG. 22. The claws 571 are 

fitted into recaaa9$ 510 in this ease while elastically 

s deforming the cove:r: S&C. The three claws 571 are 

arranged on the inner c:i:cmaference 562 of the cover 

560 at a .... inte:val, ae shown in PIG. 22. 

A8 ahown in FIG. 23, the caver 560 may be attached 

t.o the •hower head 506 in auch a way that bolt• 575 are 

10 screwed into recesaea 573 of the shower head 506 

through a cover s1de 562. 

It will be de1cribed how upper electrode cover is 

cleaned. 

When mixed qases (SiH4 + K2), for example, are 

15 introduced into the process chamber 502 to form'film on 

the wafer W, %eaction products adhere to the upper 

elect:rode cover 560. As shown in 7XG. 24, the top lid 

503 is opened and the cover 560 is detached from the 

shower head 506. '!he cove:r 560 is t.hen immersed in 

20 cleaning liquid 581 in a coatainer SSO (wet cleaning). 

25 

Or the dx:y cleaning may be conducted. in such a way that 

cleaning 9as such a~ Cl::r3, cr4 or B1'3 gas is introduced 

into the p:ocess c~:r: SOI While keeping t.ha cover 

560 attached to the •hower head 506. 

The time at Which the cleaning must be conducted 

is determined aa follows. !rhe number of particles 

contained in the gas exhausted th:r:ouqh the exhaust pipe 
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516 is count.ad by the counter 517 and when it becomes 

larger than a limit value, the cleaning of the cover 

560 must be started.. 

As shown in PIG. 26, the underside of the top lid 

5 503 may be aovered by a cover 585, in addition to the 

shower head 506. Or the inner face of the process 

chamber 502 .may be covered by a ao~er 59&, ia addition 

to the shower head 506, aa shown in PIG4 27. An 

openinq 587 1s formed 1n the cover 586 in this case, 

10 corresponding to the aide opening 41 of the process 

chamber 502. Or a cover 590 having a. curved bottom 591 

may be used, as shown in FIG. 28. 
., 

15 

A sixth embodiment will be described ref erring to 

FIGS. 29 through 34. Same components as those in the 

above-described embodiments will be mentioned cn1y when 

needed. 

As shown in FIG. 29, a magnetron type plaema 

etching apparatus 600 has a :rotary magnet 627 above a 

process chamber 602. Upper and lower electrodes 624 

20 and G03 are opposed in the p%0cess chamber 602. 

Process qaaes are introduced from a gas supply supply 

629 to the space between the upper and the lower 

electrode through an MPC 630. The rotary magnet 621 

serves to stir plasma generated between both of the 

25 electrodes 603 and 624. 

A suscepter assembly com.prises an insulat~ng 

plate 604, a cooling .. block 605, a heater block 606, 
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an electrostatic chuck 606 and a focus ring 612. A 

conductive film 608c of the electrostatic chuck 608 is 

connected to a filter 610 and a variable DC high 

volta9e supply 611 by a lead 609. The filter 610 is 

s intended to cut high frequencies. An internal passage 

613 is fo?:med in the cooling block 605 and liquid 

nitrogen is circulated between it and a cool.ant supply 

supply (not shown) through pipes 614 and 615. A gas 

passage 616 is opened at tops of the suscepter 603, the 

io heater 617 and the cooling block 605, paasinq through 

the euscepter asaembly. 'l'he base end of the gas 

passage 616 ia c~icated with a heat exchanger gas 

• aupply supply (not ahown) to supply heat exchanger qas 

such aa helium oas to the underside of ~he wafer w 
l5 through it. The heater block 606 is arranged be~ween 

the suscepter 603 and the cooling block 605. It is 

shaped like a band-like ring end it is several mm 

thick. It ia a resistant heatin9 unit. It ie 

connected to a filter 619 and a power supply 620. 

20 Inner and outer pipes 62la and. 5~lb are connected 

to the suscepter 603 and the process chamber 602. They 

are conductive double pipes, the outer one 62la of 

which is earthed and the inner one 62lb of which is 

connected to a high frequency power supply 623 via a 

25 blocking capacitor 622. The high frequency power 

supply 623 has •an oscillator for oscillating the hiqh 

frequency of 13.56 MHz. Inert gas is introduced from 



a gas supply supply (not shown) into a clearance 

between the inner 62la and the outer pipe 62lb and also 

into the inner pipe 62lb. 

Except the upper electrode, the inner faces of the 

S top of the proceaa chamber 602 is covered by an 

insulating protection layer 625, 3 mm or more thick. 

Similarly, the inner face of its side wall is co~ered 

by an insulatin; p:otection layer 626, l nm or more 

thick. 

10 

15 

In the conventional magnetron type plasma etching 

apparatua, the flew of electrons tends to qather near 

the inner wall of the process chillllber, as ehown in 

FIG. 34. ~he flow of plasma is thus irradiated in a 

direction w, that ia, to the aide wall of the process 

chember, thereby dame.;inq it. In the above-described 

apparatus 600, however, the side wall of the process 

·chamber 602 is covered by the insulating protection 

layer 626 so that it can be p~otected. 

Process qaa aupply and exhaust lines or systems of 

20 the apparatus 600 will be described. 

A process gaa supply pipe 628 is connected to the 

s~de wall of the process cruimber 602 at the upper 

portion thereof and cr4 gas is introduced from a 

process gas supply 629 into the process chamber 602 

25 through it. An exhaust pipe 633 is also connected to 

the side wall bf the proaeas chamber 602 at the lower 

portion thereof to exha~~t the process chamber 602 by 
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an exhaust means 631, which is p::ovided with a vacuum 

pump. A valve 632 is at~ached to the exhaust pipe 633. 

As shown in PIG. 30, a baffle plate 635 is 

arranged between the outer circwuferenae of the 

s suscepter 603 and the inner wall of the process chamber 

602. Plural holes 634 are formed in the baffle plate 

635 to adjust the flow of exhausted air or gas. 

Aa shown in FIG. 31, each hole 634 is tilted. 

Therefore, the conductance of qaa rises when it pasaes 

lO th~ough the holes 634 and the gradient of electric 

field becomes ;entle accordingly. ~his prevents 

discharge from beinq caused in the holes 634 and plasma 

from flowinq inward un4e~ the baffle plate 635. 

As shown in FIG. 32, holes 634a, 634b, 634c and 

15 634d each having a same pitch may be fol:Jlled in plural 

baffle plates 635a; 63Sb, 635c and 635d to form a step­

like exhaust hole 634A. This exhaust hole 534A can be 

formed when the baffle plates 63Sa, 635b, 63Sc and 63Sd 

e~e placed one upon the others in such a way that the 

20 hole• 634a, 634b, 634c and 6J4d are a little shifted 

from their adjacent ones- When these exhaust holes 

634A are formed, abnormal discharges in plaama 

qeneration can be JDOre effectively prevented. 

In the conventicnal apparatus, each hole 692 in 

25 the baffle plate extellds only vertical, as ehown in 

FIG. 33. These holes 692 allow plasma to flow inwa~d 

under the baffle plate and abnormal discharges euch as 
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sparkles to be caused in them, thereby causinq metal 

contamination and particles. In the apparatus 600, 

however, the holes 634 a.re directed toward the exhaust 

openinq 633. The reduction of exhaust speed can be 

5 thus prevented. When t.he direction in which the turbo­

pump 631 is driven ia made reverse to the flow of 

exhausted qas, that ia, when it is made anticlockwise 

in a case where exhausted gas flows clockwise, the 

speed of exhaua~ed qas can be raise to a further 

10 extent. 

A seventh embodiment will be described referring 

to FIGS. 35 through 43. TEO& gas is used to form film 

on the wafer W in this seventh plasma Cvt> apparatus. 

Same components as those in the above-described 

15 embodiments will be mentioned only when needed.' 

~he plasma CVD apparatus 700 has a cylindrical or 

rectangular process chamber 710, in which a suscepter 

712 is arran9ed to hold a wafer W on it. It is made of 

conductive material such as aluminium and it is 

20 insulated from the wall of the process chamber 710 by 

an insulating member 714. A heater 716 which is 

connected to a power supply 718 ia embedded in it. The 

wafer W on it is heated to about 300"C (or film forming 

temperature) by the heater 716. 'l'he process chamber is 

25 of the cold wall type in this case, but it may be of 

th& hot wall tyP.. The process chamber of ~he hot wall 

type can prevent qas from bainq condensed and stuck~ 
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The electrostatic chuck 11 is arranged on the 

suscepter 712. Its conductive film 12 is sandwiched . 
between two sheets of film made o:f polybensoimi.dazole 

resin. A variable DC hiqh volta9e power supply 722 La 

5 connected to the conductive fLlm 12. A focus ring 724 

is arranged on the susceptar 712 along the outer rim 

thereof. 

A hiqh frequency power supply 728 is connected to 

the suscepter 712 via a metching capacitor 726 to apply 

10 high frequency power having a frequency of 13.56 MHz or 

40.68 MHz to the suacepter 112. 

An upper electrode 730 serves as a plasma 

generator electrode and also as a process gas 

introducing passage. It is a hollow aluminium-made 

15 electrode and a plurality of apertu:es 730a are•formed 

in its bottom. It has a heater (not shown) connected 

to a power supply 731. It can be thus heated to about 

iso·c by the heater. 

A procaaa ;as 1upply lina or system provided with 

20 a vaporizer (VAPO) 732 will be described ~eferring to 

PIGS. 35 and 36. 

Liquid TIOS is atored in a container 734. At the 

film forming p~ocesa, a liquid mass flow controller 

(LM!'C) 736 is controlled by a oontroller 758 to control 

25 the flow rate af liquid TBOS supplied from the 

container 134 to the vaporizer ?32. 

As shown in PXG. 36, a porous and conductive 
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heatinq unit 744 is housed in a housing 742 of the 

vaporizer 732. ~he housing 742 has an inlet 738 and an 

outlet 740. ~· inlet 738 is coiaunicated with the 

liquid supply side of the co.~tainer 734. The outlet 

s 740 is communicated with the hollow portion of the 

upper electrode 730. 

~he heatinq unit 744 is made of sintered ceramics 

in which conductive material auch as carbon is 

contained, and it is porous. It is preferably 

10 excellent in workability and in heat and chemical 

resistance. Tezminals 747 are attached to it 4nd 

current is supplied from a power supply 746 to it 

·• throu9h them. When current ia supplied to it, it is 

resistance-heated to about iso·c. Further, vibrators 

15 748 are embedded in the housing 742, sandwichinq the 

heating unit 744 between them. It ia preferable that 

they ara supersonic ones. The power supply 746 for the 

heating unit 744 and a powa:r: supply (not shown.) for the 

vibrato.rs 748 are controlled by the controller 758. 

20 It will be described how the vaporizer 732 is 

ope.rated. 

When liquid TBOS is supplied from the container 

734 to the vaporiser 732, it anters into holes in the 

porous heating unit '144 and it is heaeed and vapori.zed. 

25 Because its contact area with the porous heati.ng unit 

744 becomes extremely large, its vaporized efficiency 

becomes remarkably higher, as compared with the 
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conventional vapo:izei:a. 

Further, vib:r:at.-ioa·ta· 'irenaai.tted from vibrators 

748 to l.Lquid nos."'~· bf tb•'heatinq unit 744 and 

in its holes. Beat txantfex face a~d liquid vibrations 

S an thus ca.used. maere:fore, the border layer between 

the heat transfe: face of each hole in the heAtin9 unit 

744 and liquid iraos, that 1•, the heat resistance layer 

ia made thinner. As the :eault, convection heat 

tranmai•sion i• promoted to fuJ:ther raise the vaporised 

lO efficiency of liquld '!BOS. 

lS 

According to t"t¥t V6poE1aer in this case, gas-like 

~BOS is moved by ~re1auzre difference caused between the 

inlet 138 and the outlet 740 and thus introduced into 

the procees chembar ?10 without using any carrier gas. 

A bypass 750 and a stop valve 752 .ay be attached 

to the pasaa;e extending frClll the outlet 740 of the 

vaporizer, as shown in FIG. 35. The bypass 750 is 

communicated with .a clean-up unit {not shown) via a 

bypaes valve 754. '!be clean-up unit has a burner and 

20 others to remove WlnltCGiSNry gas ccaponents. Further, 

a sensor 756 is alao attached to the passage extending 

from the outlet 740 to detect whether or not liquid 

TIOS is C01Lpletely npo:risecl and whether o:r noe gases 

are mixed at a correct rate. Detection signal ia sent 

25 from the sensor 156 to the oonti:oller 758. 

~he opera~ion c! the above-described cvo apparatus 

100 will be described. 
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The wafer W i• carried 1n~o the process chamber 

710 which haa been decompressed to about 1 x to-4 -

several 'l'orr, and it is mounted 'on the suscepter 712. 

It is then heated to 3oo·c, for example, by the heater 

s 716. While preparing the ~ocess chamber 710 in this 

manner, liquid '!'BOS is vaporized by the vaporizer 732. 

High frequency power is applied from the high frequency 

power supply 728 to the lower electrode 712 to qenerate 

reactive plasma in the pi:oceas chaiaber. Activated 

10 species in plasma reach the treated face of the wafer w 
to thereby form P-~BOS (plamaa-tetraethylorthosilicate) 

film, for example, on it. 

15 

Other vaporizer• will be described ref errinq to 

FIGS. 37 throuqh 41. 

As shown in PIG. 37 1 a vaporizer 732A may be made 

integral to an upper electrode 730A of a process 

chamber 710A. It is attached inteqral to the upper 

electrode 730A at the upper portion thereof with an 

intermediate chamber 770 foJ:med unde~ it. Its housinq 

20 142A has a gas outlet side 774 in which a plurality of 

apertures 772 are foz:med. 

A gas pipe 776 is conmtunicated with the 

inteJ:JDediate chamber 770 in the upper electrode 730A to 

introduce second gas such as oxyqen and 1ne=t gases 

25 into it. A bypass 7SOA extends from that portion of 

the upper electrode 730A which is opposed to the gas 

pipe 77' to exhaust unnecessary qas from the upper 
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electrode 130A. !Urther, plates 78Qa, 780b and 780c in 

which a plurality of apertures 778a, 718b and 778c are 

formed are arranged in the lower' portion of the 

intexmediate chamber 770 with an interral interpo&ed 

5 between them. 

As shown 1n FIGS. 38 and 39, a liquid passage 782 

is formed in a heatinq unit ?44B in the case cf a 

vaporiaer 732B. It includee a center passage 782~ and 

passages 782b radically branching from the center 

l.O paesaqe 782a. When it is formed in the heating unit 

7448 in this manner, it enables liquid to be uniformly 

distributed in the whole of the porous heating unit 

7448, thereby raising gas vaporized efficiency to a 

further extent .. 

lS After liquid 1• vaporised by a vaporizer 748C, two 

or more gases lY.Y be mixed, aa shown in FIG. 40. A 

second gas supply opening 784 is arranqed downstream 

the vaporizer 73BC and second qas component such aa 

oxyqen and inert gases is supplied through lt~ A qas 

20 mixing duct 786 extends downstream it and a bypass 7SOC 

havinq a bypass valve 754C, and a stop valve 752C are 

further arranged in the lower portion of the gas mixinq 

duct 796. A strip-like member 788 is housed in the gas 

m~xing duct 786 to form a spiral passaqe 790 in it. 

25 First and aecond gas components are fully mixed, while 

passing throuqh the spiral paasa;e 790, and they z:each 

a point at which the bypass 750 branches from the 
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passage extending to the aide of the process chamber. 

In addition to TIOS (te~raethylarthoeilicate), 

'trichlorsilane (S1HC13), silicon tetrachloride (SiCl4), 

pentaethoxytantalum (PEOTa : ~a(OC2Bs)5)1 

5 pentametboxytantalum (PMO'ra ; 'l'a(OCR3)5)r 

tetrasopropoxytitaniwa ('1'1(!.-0C3H7)4}1 

~etradimethylaminotitanium (TD.MA~ : ti(N(CH3)2)4), 

tetraxisdiethylamJ.notitanium (TDBAT 1 Ti(N(C2H5)2)4), 

titanium tetrachloride (TiCl4), Cu(HPA) 2 and Cu(DPM) 2 
10 may be uaed as liquid material to be vaporized. 

Further, Ba(l>PK) 2/'?H!' and Sr(DPM)2/TH!' may be used as 

thin ferroelectric film forming material. W~ter (R20), 

ethanol (C2H50H), tetrahydrofuran (THF = c4a8o) and 

dimethylalumlniwnhydride (DMAH s (CH3)2AlH) may also be 

15 usad. 

A vaporizer 819 may ~e attached to a batch type 

horizontal plasma CVtJ apparatus BOO, aa shown in 

rlG. 41. 'l'his CVD apparatus 800 includes a process 

chma.ber 814 provided with an exhaust openin; BlO and a 

20 process gas supply section 812, a wafer boat 816 and a 

heater means 818. Connected to the process gas supply 

section 812 are a process gas supply line or system 

having a liquid container 815, a liquid mass flow_ 

contX'Oller 817 and a vapori1e~ 819. ~his vaporizer 819 

25 is substantially same in arrangement as the above-. 
described one 732. 

As shown in PIG. 42, a conventional vaporizer 701 
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has a housing 702 which is kept under atmospheric 

pressure and which is filled with a plurality of heat 

transmittinq balls 703 each being made of iu.terial, 

excellent in heat transmission. 'l'hese heat 

5 transmitting balls 703 are heated hiqher than the 

boiling point of liquid material by an external heater 

means (not shown) to vaporise liquid material 

introduced from below~ Carrier 9aa is introduced into 

the vaporizer 701 to carry vaporised process qases. 

10 In the eonventional vaporiaer 701, however, qas 

flow rate becomes excessive at the initial staqe of gas 

supply, that is, overshootinq is caused. F!G. 43 is a 

• graph showinq how gas flow rates attained by the 

conventional and our vaporizers chanqe at the initial 

15 stage of gas supply, in which time lapse is plotted on 

the horizontal axis and qaa flow rates on the vertical 

axis. A curve P represents results obtained by the 

conventional vaporiser and another curve Q those 

obtained l>y our present vaporizer. As apparent from 

20 PIG. 43, gas flow ra~e overshoots a predetermined one 

v1, in the case of the conventional vapor.izer, after 

the lapse of lO - ao seconds since the supply of qas is 

started. In the above-described vaporizer used by the 

present invention, however, it reaches the 

2S predetermined flow rate V1 without overshooting it. 
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Claima:: 

1. A plasma treatment method of plasma-treating a 

substrate, which ia to be treated, under decompressed 

atmosphere comprising, the steps of: 

exhausting a process chamber ao as to decompress 

the process chamberJ 

mounting the substrate, which is to be treated, on 
a lower electrode; 

supplying a proceas gas to the subs~rate on the 

10 lower electrode through an upper electrode; 

lS 

applying high frequency power, which hns a first 

frequency f 1 lower than an inherent lower ion transit 

frequencies of said process gAa, to the lower 

electrode; and 

applying hiqh frequency.power, which has e•second 

frequency f 2 hiqher than an inherent upper ion transit 

frequencies of aaid process gas, to the upper 

electrode, whereby a plasma ie qenerated in the process 

chamber and activated species influence the substrate 

20 to be treated. 

2. 'l'he plasma treatment method according to 

claim 1, whe~ein said proaess gaa is formed of a 

plurality of oomponfh\t qaaes, said first frequency f 1 

is the lowest of the inhexent lowe~ ion transit 

25 frequencies of said eomponent gases, and sai.d second 

frequency f 2 is the highest of the inherent higher ion 

transit frequencies of said composite gases. 
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3. IJ?he plaama t:r:aataent. method aec::ording to 

claim 1, wherein the first frequency f 1 is lower than 

the second frequency f 2. 

4. The plasma treatment method according t.o 

S claim 1 1 whe:r:ein the first frequency f 1 is set lower 

than 1 MHz, and the second frequency f 2 is set higher 

than 10 MHz. 

5. 'l'he plasma treataaant method according to 

claim 4, wherein the first frequency f 1 is in a ranqe 

10 of LOO kHz # l MHz, and the 1econd frequency f2 in a 

range of 10 HH• - 100 KHz. 

G. The plaama treatment method according to 

• claim l, wherein hi9h frequency components of said 

first frequency f 1 are removed from said high frequency 

15 power applied to the upper eleatrode. 

7. ~he plasma treatment method according to 

claim l, wherein high frequency coniponents oi said 

second frequency f 2 are removed from high. frequency 

power enterin; into a power supply circuit through 

20 plaSll\a, a power supply circuit serving to apply said 

high frequency power, which hae the first frequency f 1, 

to the lower electrode. 

8. The plasma treatment method accordinq to 

claim 1, further comprising the steps of, applying hiqh 

25 frequency power, which has a frequency same as the 

first frequencY' fi and which is amplitude-modulated, to 

the upper electrode. 
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9. The plasma treatment method according to 

claim 1, further comprisin9 the steps cf, applyinq high . 
frequency power, which ha.e a frequency salt'.e as the 

second frequency f 2 and which is amplitude-modulated, 

s to the lcwer electrode. 

10 

·• 

10. The plasma treatment method accordinq to 

claim 8, wherein amplitude modulation is carried out to 

form one of sine, triangular, rectanqular and sawtooth 

waveforms or their composite waveform. 

11. The plasma treatment method according to 

claim 9, wherein amplitude :moclulation is carrieQ out to 

form one of sine, triangular, rectangular and sawtooth 

waveforms or their composite waveform. 

12. Tha plasma treatment method according to 

15 claim 1, wherein one or lbOre qasee selected from the 

group consisting of CP4, c4r8 , CHF3, Ar,02 and co gases 

are used as the process qas. 

13. ~he plasma treatment method according to 

claim 1, further aomprising the steps of, introducing 

20 one or more cleaning gaaea aelected from the group 

consistinq of Cl~3, CP4 and NP3 qeses into the process 

chamber while keeping a rin; and/or a baffl.e p.late 

attached to the lower electrode when plasma is stopped; 

and dry cleaning the ring and/or the baffle plate. 

25 14. The plasma treatment method according to 

claim 1, further cC>mprising the steps of, detaching the 

ring and/or the ~aff le plate from the lower clect~ode 
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when plasma ia stopped; and dzy cleani.n9 t.he ring 

and/or the baffle plate using at least one or more 

cleaning gases selected from the group consiatinq of 

ClP3 , CF4 and IW3. 

S 15. The plasma treatment :method accordin~ to 

claim 1, further comprising the steps of, decaching the 

ring and/or the baffle plate frcm the lower electrode 

when plaSJna is stopped; and wet cleeninq the rinq 

and/or the baffle plate u•inq at least one cleaning 

10 solution selected from a group of isopropylalcohol, 

water and fluorophospho:ic acid. 

16. The plasma treatment method according to 

claim l, further comp~iainq the steps of counting the 

number of particles adhering to the substrate which has 

15 been treated in the process ehember; and cleaning the 

rinq and/or the baffle plate while keepinq plasma 

stopped when the number of pa:ticles adherinq becomes 

larger than a preclete:cmined value. 

17. Tl\e plasma treatment method according to 

20 claim 1, further comprising the steps of, counting the 

number of particles scatterinq in atmosphere exhausted 

from a treatment apparatus and/or at least in one or 

more areas in an exhaust piper and cleaning the ring 

and/or the baffle plate while keeping plasma stopped 

25 when the number of particles becomes larqer ~han a 

predete:onined value. 

18. A plasma treatment apparatus for 
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plaaa-ta:eatl.nCJ a sub•tra'•-" which is t.o he treated, 
:·: . : .. ·. 

under decoapre•aed .,._ • ..._. ccmprising: 

a chamber earthed; 

means fox exhausting the chamber; 

a lower electroclta on which the substrate to be 

treated is mountedi 

an upper electZ'Ocl• aaUlpd in th• chamber to 

oppose to the lower elect~ode; 

means for supplying ~oceea gas to the subst:ate 

10 on the lower elect~• thzcuth the upper electrode; 

a first powe: eu~ly connected to the lower 

electrode throuqh a first ~~ching circuit to apply 

high frequency powe:i:, which has a first frequency f 1 

lower tban an inherent lowar ion transit frequency of 

15 the pJ:Oceaa gaa, to the lower electrode; 

a second ~ eupply connected to the upper 

electrode throuqh a aecoad aatching circuit to apply 

hiqh frequency powe:, which has a second f:reque~cy f 2 

hi9her than an inhe:ttent upper ion treneit frequencr of 

20 the process gas, to the upper electrode; 

f iret filter means for removinq high frequency 

components of the second f1*auencr f 2 £ram the high 

fre11Uency power applied to ~· lower electrode; and 

second filter means fozr %'8lllOV1nq hiqh frequency 

25 component• of the first f%8QUfmCY f 1 from the high 

frequency power applied to the upper electrode. 

19. '!'he plasma treatm41nt apparatus according to 
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claim 18, wherein the firet filter means is connected 

to a f !rst circuit, which ccnnects a first J11Atchin9 . 
circuit to the lower elect%ode, at an end thereof and 

the first circuit includes a fir•t earthed capacitor at 

s the othe% end thereof; and the second filter means is 

connected to a second circuit, which connects the first 

matching circuit to the upper electrode, at an end 

thereof and the second circuit includes, at tbe other 

end thereof, a second earthed capacitor and an 

10 induction coil connected in series to the second 

capacitor. 

20. The plasma treatment apparatus according to 

claim 18, wherein said first filter means has an 

impedance larqer than several kn relative to the high 

15 frequency power having the first frequency f 1 artd an 

impedance smaller than several n relative to the high 

frequency powex havin.q the second frequency f 2; and 

said second filter means has an impedance smaller than 

several n relative to the high frequency power having 

20 the first freQuency f 1 and an impedance larqer than 

several kO relative to the hiqh frequency power havinq 

the second frequency f 2. 

21. A plasma treatment apparatus for plasma­

treatinq a substrate, which is to be treated, under 

25 decompressed atmosphere comprising: 

a chamber' earthed; 

exhaust means tor exhausting the chamber~ 
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a lower electl:ode on which the substrate is 

mounted; 

an upper electrode arran;eci' in the chamber to 

oppose to the lower alectrode7 

means for supplying process gaa to the substrate 

on the lower elect~ode through the upper electrode; 

a first power •~pply connected to the lowe~ 

electrode through a fir&t matchin9 circuit to apply 

high frequency power, which has a first frequency £1 

lO lower than an inherent lower ion transit frequency of 

the process qas, to the lower electrode1 

e second power supply connected to the upper 

electrode throuqh a second lll4tchinq circuit to apply 

high frequency power, which has a second frequency f 2 
15 higher than an inherant upper ion transit frecr.iency of 

the process gas, ta the upper electrode; and 

an amplitude modulator circuit connected to the 

first and second power auppli•s to moc:lulate the 

amplitude of the high frequency power having the first 

20 frequency f 1 to apply amplitude-modulated hiqh 

frequency to the upper electrode. 

22. The plasma t~atment apparatus accordinq to 

claim 18, wherein said exhaust means exhausts the 

chamber to an internal pre•sure of 10 - 250 mTorr. 

25 23. The plasma treatment apparatus according to 

claim 19. further comprising a ring freely detachably 

attached to the outer circumference of the lt>wer 
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electrode to caiue. '-ct!;oat ·:Pi:odt:ett• created by heat or . . ' 

plana tc a~e· •f. t.d.-~~·:i~ electrode but to the 

:r:ing. 

21. lfb.e pli- .. t~ a.ppa:r:atua according to . . . .. .. . 

s cla.1.11 18, faz'tber a~1~~ ~ :in; freely detachably 

attached to th• ou~ ~L~oe•nnce of the lower 

elect%'0d• to cause~ct.icn ~ucts created by heat or 

plasma to adhere no~ to the lower electrode but tc the 

ring; and lifter ...... for lflevin; the lower electrode 

lO up and down togeth•% with-1:.~·ring. 

2.5. The plana:trtte._dt ap,.ratus acc:ord.inq to 
. ! 

claim 18, whe:ein tb• ch~ti: has aft open~nq through 

which the subetrate to be t:i:e,taci 11 carried in and 

out, and th.e rin.; is acwed .op and down between the 

l5 upper and and the lower end of eaid opening by the 

lifter means. 

26. ~he plamaa t:i:eat."'neftt apparatus according to 

c~aim 25, further comp~isia; a baffle plate attached to 

the outer ci:cuafe%ttnce of tile ring and positioned 

20 higher than the upPm: end of· 1aid chamber opening, when 

the :cing i• lifted, t.o sbi•ld the ch.abet' opening from 

plasma atmosphare. 

27. ~e plasma treatment apparatus according to 

claim 26, furthu cc:aprising an exhaust opening formed 

25 in that portion of the chamber aide w~ll wh1ch is lower 

than the top of the lower electrode; and holes formed 

in the baffle plate ta adjust or rectify the flow of 
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the procel• gas, wherein each hole in the baffle plate 

i& tilted ~elative to the vertical axis to cause the 

process gas, which haa passed through the holes, to 

flow in a direction reverse to the direction in which 

s gas is exhausted by a rota.xy puap. 

28. The plasma treatment apparatus according to 

claim 26, wherein the baffle meaber comprises plural 

plates in wh~ch hole• each having a substantially same 

pitch are fo:r:med, and they are placed one upon the 

10 others to shift their cor~espondinq holes a little to 

form a step-like hole. 

29. The plasma t::i:eatment apparatus according to 

~ claim 18, further compria1ng a cover member freely 

detachably attached to the upper electrode to cover a 

15 peripheral portion thereof so as to prevent reaction 

products from Adhering to the upper electrode. 

30. The plasma treat.Dent apparatus according to 

claim 29, wherein the upper elaotrode has first angaqad 

recesses or projections formed in or on the outer 

20 circumference thereof, the cover member has second 

engaging projections er recesses formed on or in an 

inner circumference thereof and the cover member is 

made of elastic material, and 'the second enqaginq 

projections or receasea are engaged with the first 

25 enqaqed :recesses or projections while elast.i.cally 

deformin9 the cover member. 

31. The plasma treatment apparatus according to 
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claim 29, wherein aaid cover aember includes a wall 

member to cover an upper inne~ wall of the chamber • . 
32. The pla•ma treatment apparatus according to 

claim 18, wherein an ineulatin; layer, 3 mm or .more 

s thick, ia fcmed at least. on the inner side wall of the 

chamber. 

33. The pla1111a treatment apparatus according to 

claim 18, further comprising a vaporizer for vaporizing 

liquid material f.roa whicb the proaess gas is created, 

10 wherein said vaporizer includes a housing provLded with 

a liquid material inlet ccmmunicated with a liquid 

material supply supply and with a proceas gas outlet 

communicated with the chambe~, and a po:ous conductive 

15 

heating unit arranged in the housing. 

34. 'l'he plasma treatment apparatus acc~rdi~g to 

claim 33, wherein said vaporiser includes vibrators to 

vibrate the porous conductive heatinq unit. 

35. 'l'he plasma treatment apparatus according to 

claim 33, wherein said vaporise%' ie arranged adjacent 

20 to a process qas introducing section of the chamber. 

36. The plasma treatment apparatus according to 

claim 33, wherein said vaporise: is made integral to 

the process gas intrcducinq section of the chamber. 

37. 'file plasma treatment apparatus according to 

25 claim 33, further comprisinq a bypass arranged between 

the vaporizer and the proceaa gas introducing section 

wherein the process gas outlet of the vaporizer is 
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selectively CQlllmunicated with one of the bypass and the 

process 9aa introducincJ section. 

3B. '!he plasma treatment apPllratus accordinq to 

claim 33, whe:ein •aid porous conductive heating unit 

s is a ainte~ed cerard.cs. 

lO 
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39. 'l'he plasma treatnent apparatus accord~ng to 

c:la!m 33, wherein a passage tlu:ough which liquid 

material flows is foaed in the porous conductive 

heatinq unit. 

40. The plasma treatment apparatus according to 

claim 33, wherein a second qas introducinq opening is 

fortrted downstream the vaporizer and a gas mixinq 

passage through which plural qases are mixed extends 

downstream the second gaa int:oducing opening. 

41. A plamna treatment method, substantial1y as 

hereinbefore described with reference to FIGS. l to 32 

and FIGS. 35 to 41. 

42. A manufacturing method of a plasma treatment 

apparatus, substantially as hereinbefcre described with 

20 ~eference to PIGS. 1 to 32 and FIGS. 35 to 41. 


