 Title of th_e'Invention
. PLASMA P.ROCESSING METHOD AND APPARATUS

- Background of the Inventlon _
"The present invention relates to a plasma processmg method and apparatus and
more specifically to a plasma processing method and apparatus su1ted for plasma- |
processing specimens such as semlconductor device substrates.

"There has been avallable a techmque of plasma- processmg spemmens of
semiconductor. dev1cesubstrates, as represented by a techmque descrlbed in- Japanese
Patent Laid-Open No. 167825/ 1991. This publication limits the temperature control of a
prOCessing chamber where plasma is genera%d only to 'as.ide'wall portion_ and deals with
only reaction products that are generated after etching.

' The above-mentioned prior art is effective only for the reactlon products adherlng to

' the inner surface of the sidewall of the processmg chamber and does not consider

' reaction products or gaseous reaction products adhering to electrodes i.e., the lower part
of the specimen mount, the inner bottom portlon of the processing chamber and the
exhaust pipe durmg the plasma processing. . ' '

_ That is, reaction products also adhere to the lower part of the specimen mount, the
inner bottom portion of the processing chamber and the exhaust pipe. During the
plasma processing, these reaction products are not only deposited on these portions but

also flake off contaminating the specimens, greatly reducing the yield of specimens.

- Summary of the Inventlon
The object of this invention is to provide a plasma processing method and apparatus
which controls the temperature of locations where reactlon products or gaseous reaction
products (hereinafter referred to as reaction products) adhere thereby preventmg |
- abnormal generation of reaction products and ensuring high y1eld of specimens. '
To achieve the above objective, the locations above the specimen are controlled'at
temperatures at which the reaction products' do not solidify and the locations below the
speclmen (lower part of the spec1men mount, inner bottom portion of the processmg
N chamber, exhaust pipe, etc.) are controlled at temperatures at whlch the react1on
| products solidify. _ . '
. With this 1nvent10n the portlons above the specimen, of the 1nner s1de surface of '
‘the processing chamber where plasma is generated (plasma generatlon port10n) are set at
temperatures at which reaction products subhmate, while the lower part of the specimen
- mount, the inner bottom portion of the processing chamber and the exhaust pipe are set

at temperatures at which the reaction products solidify.
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" This prevents the reaction products from adhering to locations above the specimen and

therefore forelgn matters from fallmg onto the surface of the specimen bemg processed.
: Reactlon products and fore1gn matters ﬂoatmg in the processmg chamber (herelnafter _
called floating foreign matters) adhere to or are trapped by the lower portion of the

: spemmen ‘mount, the inner bottom portion in the processmg chamber and the exhaust

pipe. Wh1le the vacuum is majntained, forelgn matters can be prevented from bemg'

' ﬂaked off and the flaked matters from ﬂoatmg around because these locatlons are
controlled at all times at temperatures at which reactmn products sohdlfy
Brlef Description of the Drawrngs _
Figure 1 is a vertical cross sectlon showmg a m1crowave plasma processmg
- apparatus as one embod1ment of th1s invention. ' '
- Figure 2isa vapor pressure curve dlagram for etchmg gases and reactmn products
~ as one embodiment of this invention. ,
Figure 3 is a control sequence d1agram for the plasma processmg apparatus as one
embodiment of th1s invention. _
Figure 4 is'a vertical cross section showmg a parallel plate type plasma etching
apparatus as another embodiment of this 1nvent10n - ,
F1gure 5is a vertlcal cross section showmg an induction coupled d1scharge type
_apparatus as still another embodlment of th1s 1nventron
F1gure 6 is a vertical cross section showmg a paralle] plate type plasma etchmg
apparatus asa further embodlment of this invention. '

Figure 7is a vertlcal cross section showmg a microwave dlscharge type apparatus.

asa further embodiment of this mventmn

Detailed Description ol' Preferred Embodiménts

Now one embodlment of thls 1nvent10n will be descrlbed by referring to the

.accompanying drawmgs

F1gure 1 is a vertical cross section of an essentlal portion of the microwave plasma :

processmg apparatus showing its outline conﬁguratlon as one embodiment of this

e invention. o _ : .
In Frgure 1, a processmg chamber 10 has a quartz d1scharge tube 14 as its upper
' constitutional element. ' |

The processmg chamber 10 is prov1ded with a gas supply port 15 connected to a gas

source (not shown) for supplying an etching gas to the processmg chamber 10, and also
' with an exhaust port 16 leading to a vacuum discharge apparatus (not shown) In the

: processmg chamber 10 is 1nstalled a speclmen ‘mount- 11 on which to place a
semiconductor device sub_strate (wafer) 13. The specimen mount 11 is connected to a
‘high frequency power source 12 so that a high frequency power can be applied to the

- . specimen mount 11. - The discharge tube 14 is enclosed by a waveguide 17, on the outer
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" ~ side of whlch there is provrded a solenmd c011 19 that produces a magnetlc field i in the

d1scharge tube 14. The d1scharge tube 14 in the processmg chamber 10 is prov1ded w1th
a temperature controller I 34. The waveguide 17 is prov1ded at 1ts end with a
magnetron 18, that oscillates microwaves. A lower part of the specimen mount, th_e
inner bottom portion of the chamber and the exhaust pipe in the processing chamber 10
are also provided with a temperature controller IT-35. | |

The temperature controllers 134, 1135, control the temperature of the 1nner mdewall

"~ of the processmg chamber at a desired temperature according to temperature sensors 36,

37 fitted to the 1nner sidewall of the processing chamber or installed in the 81dewall It

. is also possible to set a plurality of locatlons for temperature control, i.e., for heatlng and

‘cooling.

In the plasma processmg apparatus of th1s construction, a processmg gas for

' etchlng is supphed from the gas supply port 15 mto the processmg chamber 10 and at the .

same time the processing chamber 10 is evacuated to a specified pressure. Then,

-microwaves are introduced into the discharge tube 14 from the magnetron 18 through
the wavegmde 17, and the solenoid coil 19 generates a magnetic field to plasmatize the

processing gas in the discharge tube 14 by the 1nteract10_n between the electric field of the
microwaves and the magnetic ﬁeld of the solenoid coil 19. The high'frequency power

- source 12 applies a hlgh frequency power to the specimen .mount 11 to produce a b1as
~ voltage and thereby draw ions in the plasma toward the wafer 13 to perform amsotropm :

etching on the wafer 13. At th1s time, the reaction products produced by etchmg are
discharged from the sidewall andllower part of the specimen mount and from the inner
bottom of the prbcesslng chamber through the exhaust pipe. '

Next, the temperature control regions for the temperature controllers 134, 'I_I35 ,

_are shown in Table 1. As shown in Table 1, the inner-si,delwall portion'corresponding to

the plasma generation region in the processing chamber 10 is controlled at an elevated
temperature range of 100°C and more than 100°C to-400°C and other portions, such as
side surface and lower part of the specimen mount, the inner bottom portion of the
processing chamber and the exhaust pipe, are cooled at -200°C or more than -200°C to
less than 100°C The reason why cooling temperature is set at more than -200°C or -200°C '
is based on the tool to cool the lower part of the chamber . .
L1qu1d nitrogen is practlcally available and it can cool at about .200°C, so the cooling
lowest limit is decided. S '
_Table 1

No. ' Heating S 'Cooling
I 100°C to 400°c_ ' ' —
oI | - — __-200C to 100°C

The temperature control is explamed by referrmg to Flgure 2. Figure 2 shows an

example vapor_ pressure curve for the etchmg gas and reaction products in the case of
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alummum w1rmg material.

In Figure 2, when the aluminum wire is processed with gases BCl3 and Cle, the
reaction products are AICl3 and are evaporated and dlscharged

The reactlon product AICI3 solidifies at 100 °C when the etching pressure is 1 Torr.
That is, it is seen that reaction products are deposrted when the inner sidewall of the

processmg chamber of the plasma processmg apparatus of Flgure 1 is lower than 100°C.

Hence, if the plasma processmg is performed contlnuously under this condition, |

deposits flake off as foreign matters in the processing chamber. Wrth this embodiment,

however, by setting the inner sidewall of the processing chamber at 100C or more than
100°C and the lower part of the specimen mount, the inner bottom portion of the
processing chamber and the exhaust pipe at lower than 100°C, it is possible to prevent

" the reaction products from adhering to the inner sidewall of the processing chamber and
_cause the reaction products to selectively adhere to the lower part of the specimen mount,

the inner bottom of the processing chamber and the exhaust pipe, thereby minimizing’
foreign matters falling onto the surface of the wafer being etched or those floating from |
the i 1nner bottom of the processmg chamber. _ |

For other w1r1ng materlals the similar effect is also obtained by putting under

~ appropriate temperature condltlons the processing chamber, the s1dewall and lower part

of the specrmen mount, the inner bottom port10n of the processmg chamber and the

: exhaust pipe.

F1gure 3 shows the control sequence for the plasma processmg apparatus of Figure

In Figure 3, before a wafer is introduced i'n- the apparatus the ‘temperature
controller I 34 controls the temperature of the inner s1dewall of the processmg chamber '
and the temperature controller IT 35 controls the temperature of the side surface and
lower part of the.speclmen mount, the inner bottom portion of the processmg chamber

and the exhaust pipe. After the wafer is introduced, the normal etching sequence is

- performed. "After plasma processmg is ﬁnlshed the temperature controllers I 34 11385

are turned off and the apparatus is opened to air for normal cleamng :
- When the temperature controller I 34 is started the processing chamber 10 1st
heated to a predetermined temperature where itis controlled to be maintained. '

- When the temperature controller II 35 is started, the lower portron of the specrmen

mount 11, the inner bottom portion of the processing chamber 10 and the exhaust pipe B

. are cooled to the predetermined temperature where they are controlled to be mamtamed.

Next, the wafer 13, in this case, one, is carried into the processing chamber 10by a
wafer carrying device not shown. The wafer 13' is .transferred from the wafer carrying
device onto the surface of the specimen mount, with the surface of the wafer to be etched
facing up. The wafer 13 thus'mo_unted on the specimen m_ount 11 is held immovable.

After or 'be_fore the above operatlon is completed, the processing chamber 10 is
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evacuated. By activating the evacuation device, the gases in the processing chamber 10

. are disc‘harged'through the exhaust pipe_ fitted with an exhaust valve and: a vari_able

resistance valve (not shown). The pressure in the processing _chamber: 10 being"

. '_ evacuated is reduced to-a specified pressure by adjusting the variable resistance'val_ve. '

" Next, the etching gas is supplied from the gas supply source through the gas supply

_-port 15 into the processmg chamber 10. The amount of etchmg gas supplied to the

processing chamber 10 is controlled at a predetermmed value by a gas flow controller '
(not shown) '

- Then, a part of the etchlng gas supplied 1nto the processmg ‘chamber 10 is
dlscharged out of the processing chamber 10 by the evacuation device to control the
pressure in the processing chamber 10 at a specified etching processing pressure.

Next, the magnetron 18 and the solenoid coil 19 are opera_ted to plasmatize the
etching gas in the p'roces'sing chamber 10." As a result, the etching surface of the wafer
13 held on the specimen mount 11 is processed by the plasma. At the same t1me the
high frequency power source 12 is operated to apply the hlgh frequency power to the |
specimen mount 11, thereby applymg a b1as to the wafer 13. With the bias applied the

 etching surface of the wafer 13 is etched.

When the etch processmg of the wafer 13 is completed in this way, the supply of

etching gas to the pr.ocessmg chamber 10 and the operation of the high frequency power

source 12, magnetron 18 and solenoid coil 19 are stopped. In ‘this condition, the_' :
processed wafer 13 is transferred from the specimen mount 11 to the wafer carrying
device, which takes it out of the processing chamber 10. _Then, a new wafer 13 is placed
into the processing chamber 10 by the wafer carrying device, and the above-mentioned

processing is performed. _ The temperature controllers 134, II 35 continue their operation
to keep '_ the temperatures of various portions of the apparatus_ at the controlled
te'mperatures. In some cases, the: operation__of the temperature_ controllers 134, 11 '35,'

"may be stopped between the wafer processing. For example, the apparatus is stopped
" when the wafer processing _is interrupted for an _e_xtended period of time because of

failure or for some other reasons, or when the work for the day has been finished. The

operatlon of the temperature controllers I 34, IT 35 is also stopped when the mterior of :

the processing chamber 10 is opened to air for cleamng

Particularly by stopping the operation of the temperature controller 11 35, itis poss1ble to

prevent impurities such as water contained in air from adhermg to the cooled portions

when the processing chamber 10 is opened to air. In this way, the 1nconven1ences

experlenced at time of evacuation of the processmg chamber 10 (prolonged evacuation

time and failure to reach a spec1ﬁed pressure) can be eliminated. _
~ The control temperatures of various portions controlled by the temperature

: .controllers I 34, 11 35 depend on the film quahty of the wafer 13, ie., w1r1ng material and
: the kind of etching gas.
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Information on the wafer 13 to be etched, such as wiring material and the kind of

‘etching gas compatible with the wiring .material__,' is ‘entered into the higher level

controller (not shown) by an operator. The higher level controller then outputs control'
signalsto the temperature controllers I 34 II 35, wh.lch in turn control the temperatures_

* of various portions.

Such a temperature control is performed by an operator entenng the information

-on the wafer 13 through' a touch panel or by reading the wa_fer information by some

means into the higher level controller or directly into the temperature' controllers I 34, I
In this way, the temperatures of various portions can be controlled reliably at

specified temperatures, thereby improving the wafer yield stably and reliably. _
_The maintenance of the portions cooled by the temperature controller II 35 (cooled ..

' port1ons) in particular in performed as follows,

The reaction products are made to adhere to the cooled port10ns forming deposits

‘there. The maintenance is performed before or when the deposit thlckness reaches a-

point that causes an increase in exhaust res1stance or produces foreign matters by

‘deposit ﬂakmg At this time, the cooling of the cooled portions by the temperature

controller II 35 is stopped. The cooled portlons are then heated to the sublimation

temperature of the deposit. As a result of heatmg, the deposit adhermg to the cooled .

portion is sublimated and dlscharged out of the processing chamber 10 by operatmg_ the
ev_acuation device. When the sublimation is finished, the heating of the co_oled portions
is stopped and the temperature control by the te'mperature controller II 35 is performed.
The heating of the cooled portions may be realized by addmg a heatlng dev1ce (not shown)
or by constructing ' ' :
the temperature controller II 35 to have the coolmg and heatmg functions and sw1tch1ng
between the functions. _ _ .
Where the cleamng is done by opening the processing chamber 10 to air, the
maintenance of the cooled portlons is done before opening the processmg chamber 10 to

air. Where the cleaning is done by plasma without opening the processmg chamber 10

to air, the mamtenance is performed before or during cleaning. When the maintenance

- is performed during cleaning and when the adhering deposm can be removed from the

cooled portlons, there is no need to heat the cooled portlons

This embodiment offers the followmg advantages

With the technique of heating the inner sidewall portion of the processing chamber
it is possible to prevent adhesion and deposition of reactlon products produced by etchmg

 to the inner sidewall portion as mentioned above Further, when this technique is
- employed to heat the lower part of the specimen mount, the inner bottom portion of the

- processing chamber and the ‘exhaust pipe, the adhesion and deposition of reaction

products to these portions can also be prevented.



This technique, however, cannot remove foreign matters ﬂoat_in'g in the processing-
- chamber and it is mot possible to: prevent reduction in wafer yield caused. by floating
foreign matters. This draWback_ becomes salieht as the capacity of semiconductors
increases to 65M and _256M. Further, because a major part of the reaction products is
evacuated out of the processihg_ chamber, 'th-e _evacuation ‘system ihcluding _vacuum'_.
evacuation device, evacuation valve and variable resistance valve may be _damaged_.
This problem becomes more serious when the reaction products are corrosive. - i
As an alternatlve a techmque may be adopted which cools the lower part of the:
' specimen mount, the inner bottom portion of the processing’ chamber and the exhaust
pipe to cause the reaction products to adhere to the cooled portions.
' With this technique, however, because the coohngof the inner bottom portion of the
" processing chamber educes the temperature of the inner sidewall portion of the
processing chamber below the euaporation point of reaction products, the reaction
prod_ucts and floating foreign matters adhere to or become deposited on the inner
sidewall portion of the processing chamber. _Because' the inner sidewall portion of the
. processing chamber is located higher than the etching surface of the water being'
processed, the adhesion and deposition of react_iou pr_oduc_ts to the inner sidewall portion
are very disadvauta'geo,us in terms of wafer yield. That is, the deposit may flake off 'the
inner sidewall portion of the processihg 'clamber and fall as foreign.ma_tters onto the
wafer being processed lowermg the yield. . _
To deal with these problems, the embodlment of this mventlon heats the inner

sidewall portlon of the processmg chamber toa. temperature at which reactlon products '
- will not adhere to it and, at the same time, cools the lower part of the specimen mount,
the inner bottom portion of the processing chamber and the exhaust pipe to a
temperature at which the reaction products easily adhere to them. '
'Th1s prevents foreign matters from being formed, thus i 1mprovmg the wafer yleld
| _ In other words, this embodiment is characterized by the conc_ept that the adhesion
of reaction products to the inner sidewall portion of the processing chamber located
. higher than the etching surface of the wafer being processed is minimized while at the
same t1me the reaction products and ﬂoatmg foreign matters are posmvely induced to
adhere to the lower part of the spec1men mount, the inner bottom portion of the
processing chamber and the exhaust pipe, all located below the etching surface of the
Wafer This concept is very effect1ve for preventlon of generatlon of fore1gn matters and
' ) for improvement of wafer yield. .
Further because the reactlon products are pos1t1ve1y mduced to adhere to

particular locations, such’ as the lower part of the speclmen mount, the inner bottom
| portion of the processmg chamber and the exhaust pipe, it is possible to remove depos1ts '_
adhermg to these port10ns periodically and easﬂy by cleanmg, replacement and bakmg, '
1mprov1ng the ma1ntamab1hty of the processing apparatus.
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_ _Furthermore, because the reaction products and ﬂoatmg foreign matters are
arrested to the extent that the evacuation system is not adversely affected '
the conventlonal problem of the evacuation system being damaged by ‘the reactlon'
products and ﬂoatmg foreign matters is eliminated. '

This invention can also be applied to the constructmns shown in Flgure 4to 7in
addition to the above embodiment. _ |

Figure 4 is a schematic diagram showing another embod1ment of the invention as

- applied to a parallel plate type plasma etching apparatus. In the apparatus of Figure 4,

the temperature controller 34 is divided into three parts 34A, 34B, 34C; the
corresponding plasma generation regio'ns in the vacuum container 38 are heated to

-respective desired temperatures; and the side surface and lower part of the specimen

mount, the inner bottom portion of the processing chamber and . the exhaust pipe are |
cooled to a desired temperature by the temperature controller 35. This prevents the
reaction products from adhering to the inner sidewall of. the processing chamber and
instead causes t_hem to adhere selectively to the lower part of the specimen mount, the
inner bottom portion of the processing chamber and the exhaust pipe, as in the

embodiment of Figure 1. This in turn minimizes the chance of foreign matters falhng

onto the wafer or of forelgn matters gettmg floated from the bottom of the processing

chamber. . .

Flgure 5 shows another embodlment of this mventmn as. apphed to an induction
coupled dlscharge type apparatus, one of the external energy supply discharge types. In
the apparatus of .Flgure- 5, the temperature controller 34 is .prov1d_ed.to the plasma

' gene_ratioh region in the vacuum container 38 to heat the inner sidewall of the processing
" chamber to a desired temperature, _and the temperature controller 35 cools the side
surface and lower part of the specimen mount, the inner bottom portiou of the processing
chamber and the exhaust pipe to a desired temperature.

This construction produces the similar effect to that of the embodlment of Flgure 1.

Figure 6 shows still another embodiment of this inivention as applied to a parallel
plate type plasma etching apparatus. The construction of the apparatus of Figure 6 is
similar to the app.aratus of Figure 4 except for the electrodes used for internal energy
supply discharge. That is, in the apparatus of Figu're 6, the temperature controller 34 is
divided into three parts 34A, 34B, 34C to heat the plasma generation region in the
vacuum container 38 to a desired temperature, while at the same time the side surface
and lower part of the specimen ‘mount, the inner bottom portion of the processihg
chamber and the exhaust pipe are cooled to a desired temperature by the temperature
controller 35. This produces the similar effect to that of the embodiment of Figure 1.

Figure 7 shows a further embodrment of this invention as applied to a type
apparatus, one of the external energy supply discharge types. In the apparatus of
Figure 7, coil 34 is wound around a dome type diseharge tube 14, the coil 34 is coupled to
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RF (radio frequency) power 40, a plasma is induced by the coil 34 which RF voltage is
apphed to, and the plasma is generated in a plasma generation region 38, the generated
plasma heats the inner sidewall of the processing chamber to a des1red temperature_
without providing temperature controller 34 such as other emdodlments, while at the
" same time the side surface and lower part of the specimen mount, the inner bottom ..
portlon of the processing chamber and the exhaust p1pe is cooled to a “desired
temperature by the temperature controller 35. Th1s construction produces the similar
effect to that of the embodiment of Figure 1. ' '

~ Although the above embodlments do not mentlon the charges of fore1gn matters, the
'ﬂoatmg dust is very hkely to be charged One of the ways to cope with this problem may
provide the side surface and lower part of the specimen mount, the inner bottom portion
of the processmg chamber and the exhaust pipe with a plate like component that has a
temperature control functmn and a functron of controllmg the potential to a negative and
a positive one. ' .

- With this invention, it is poss1ble to provide a plasma processing apparatus and
method which prevents reaction products from adhermg to portions in the processing
chamber (1nner sidewall of the processing chamber and upper electrode) located higher
than where an object to be processed is mounted and which :causes' the reaction products
to adhere only to those portlons that are controlled at a temperature where the reaction
products sohd1fy thereby minimizing the generatlon of foreign matters and improving
the yleld
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What is claimed is :

l

1. In a plasma processing method which uses a plasma processmg apparatus that
1ncludes a plasma generation chamber to which a processing gas is supphed to process a
specimen and whose pressure is maintained at a predetermined pressure, a specimen
mount on which to mount an object to be processed in the plasma generation chamber,
and an evacuation means to evacuate the plasma generation chamber;

the plasma processing method comprising the steps of: |
individually controlling the temperature of those portions in the plasma generation
chamber where plasma is generated .'and the temperature of other portions to minimize '
_vari_ations with time in the characteristics of plasma-processing the specimen. _
2. Inaplasma processing method which uses a plasma processing apparatus that

. includes a plasma geheration chamber to which a processing gas is supplied to process a
specimen and whose pressure is maintained at a predetermined pressure, a specimen
mount on which to mount an object to be processed in the plasma generation chamber,
and an evacuation means to evacuate the plasma generatron chamber; '

the plasma processing method comprising the steps of: _
increasing the temperature of the sidewall of those portions in the plasma generation

. chamber where plasma is generated and cooling the inner wall of other portions to
minimize variations with time in the characteristics of 'plasma-processing the
specimen. | ' | . '

3. A plasma processing method according to claim 1, w_herein' the temperature control
on individual portions includes controlling the temperature of a passage of the processing .
gas and controlling the potential to a negative or positive one.

4. A plasma processing apparatus compnsmg _

a plasma generatmn chamber to which a processing gas is supplied to process a speclmen
and whose pressure is mamtamed at a predetermined pressure;

a specimen mount on which to mount an object to be processed in the plasma generatlon _

| chamber _ _

an evacuation means to evacuate the plasma generation chamber; and a temperature
control function to control the temperature of those portions in the plasma
generationl chamber where plasma is generated and the temperature of other portions.

5. A plasma processing apparatus according to claim 4, wherein the temperature
control function controls the temperature of those portions where plasma is generated
and the temperature of other portions by linking them to one of the temperatures

8. A plasma processmg apparatus accordmg to claim 4, wherein the temperature

- control function increases the temperature of the sidewall of the plasma_ generatlon
chamber where plasma is generated and cools an inner wall of the chamber other than

the s1dewall | .

7. A plasma processmg apparatus accordmg to claim 4, wherem the temperature
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_control function can remove s1dewall portlons other than the S1dewall of those portions
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where plasma is generated _ _ . _
8. A plasma processing apparatus according to clalm 4 wherein the temperature
control functmn has a temperature-controllable meshlike component installed in a
‘passage of the processmg gas. _ '
9. A plasma processmg apparatus accordlng to claim 4, wherem the temperature
--control function has installed in a passage of the processing gas a platelike component
which has a temperature control function and which can control the potential to a

- negative or positive one.



