1 PLASMA RREEESSI NG METHOD AND PLASMA GENERATOR BACKGROUND OF THE | NVENTI ON

1. Field of the Invention The present invention relates to a plasm Oﬂ&é "
processi ng net hod and pl asma generator for processing seniconductor(aa caf
with a plasma during processes for fabricating the devices. 2. Description

of the Related Art In processes for fabricating sem conductor devices,

various ki nds of processes are performed, using a plasma generat or such as

a plasma dopi ng system a plasma-enhanced CVD system a plasna etching

system and a pl aaEsMES PRECESSHRE METHOD SAND OPLAS®RA CGHNBRATOR Processes, a
pl asma i s generated, and procéssing is perfornmed, using the generated

pl asma.
BACKGROUND OF THE INVENTION

1 Field of the Inventlon

The present 1nvent10n relates to a plasma process1ng
method and plasma generator for processing sem:.conductor
devices with a plasma during processes for fabricating the
devices. |
2. Description of the Related Art

- In processes for fabricating semiconductor deviees,
various kinde of processes are performed, using a plasma
generator such as a plasma doping system, a plasma-enhanced
CVD system, a plasma etching system, and a plasma ashing
system. In any of these kinds of processes, a plasma is
generated, and processing is performed, using the generated
plasma.

In a plasma doping system, arglow discharge plesme is
generated, for example, inside a gaseoue ambient containing
impurity atoms to be doped, to implant the impurity atoms
into a sample. -

In a plasma-enhanced CVD system, an r.f. glow discharge
plasma is generated, for example, in a reactive gas ambient.
The reactive'gas species is deComposed, thus obtaining'atoms.
These atoms are deposited as a.thin film.

In a plasma etching sysfem, a plasma is generated, for



In a plasma dopi ng system a glow discharge plasma is generated, for
exanpl e, inside a gaseous anbient containing inpurity atons to be doped, to
i npl ant- the inpurity atons into a sanple. In a plasnma-enhanced CVD system
an r.f. glow discharge plasma is generated, for exanple, in a reactive gas
anbi ent © The reactive gas species is deconposéed, thus obtaining atons.
These atons are deposited as a thin film In a plasm etching system a

pl asma i s generated, for 2 exanple, in a reactive gas anbient. The

etching preegmslée s Mmde teadtotecgabyahbeentti orhef etehling paoidess dmeci es.’
This systemincludes a plasma ashing system Alternatively,
made to proceed by the action of neutral active species.
This system includes a plasma ashing system. Alternatively,
the etching process is made to proceed by the combined effect
of the neutral active species and reactive gas ions. Or, a -
diverging magnetic field is formed by a magnetic field, and
a plasma is radiated from an ion source along the diverging
field. As a result, a sample placed in the plasma flow is
etched.

In the above-described plasma generator, when a plasma
is generated, ultraviolet radiation is emitted from the
region where the plasma is created. Therefore, the
ultraviolet radiation impinges on the sample under plasma
processing. Consequently, the sample is damaged.

One example of this is described by taking hydrogenation
using plasma doping as an example. Plasma hydrogenation is
a technique consisting of implanting hydrogen into a poly-
crystalline silicon film to remove crystal grain boundaries
from the silicon film. In this processing, energetic
ultraviolet radiation having wavelengths ranging from 110 nm.
to 180 nm is emitted from the plasma generation region. When
a poly-crystalline silicon device is exposed to such UV
radiation, the device is readily damaged.

As an example of characteristic of plasma hydrogenated

TFT (thin-film transistor), drain current-gate voltage curve



the etching process is made to proceed by the conbined effect of the
neutral active species and reactive gas ions. O, a diverging nagnetic
field js formed by a nagnetic field, and a plasma is radiated froman ion
source along the diverging field. As a rgsult, a sanple placed in the

pl asma fl ow ¢ s etched. In the above-described pl asma generator, when a
plasma is generated, ultraviolet radiation is emtted fromthe region
where the plasma is created. °~ Therefore, the ultraviolet radiation

i Npi nges o(Id+eg seiple)undeshpwAsiih PLECEISi NIn Ehiseguaiph,y tHeh&mwwinpl e is
damaged. One exanple of this is described by .taking hydrogenation using

pl asma doptwgrest ahsepdotited Rmsthe hyealrobemht aris|, swhetreabnitdnee domigi st i ng
of inplanting hydrogen into a poly- crystalline silicon filmto renove
crystal greehtagendarpastheoherihgontailconisi.l m In this processing,
energetic " The device whose characteristic is indicated by the
solid-line curve (a) of Fig. 7 was obtained by hydrogenation.
This characteristic 1is considerably better than the
characteristic of a device undergone no hydrogenation.
However, the characteristic is not very excellent because of
damage caused by ultraviolet radiation produced by a glow
discharge and because of damage sustained by energetic
particles.

Then, the surface of the device to be processed was
covered with qﬁartz glass obstructing hydrogen flux.
Thereafter, the surface was exposed to ultraviolet radiation
emitted from the plasma generation region at 285°C. As a
result, a chéracteristic curve indicated by the broken line.
of (b).in Fig. 7 was derived. As Ean be seen from this
characteristic curve, the dev@ce characteristic was greatly
deteriorated by the exposure to the ultraviolet radiation.

The device was then annealed at 2855C for 1 hour. We
checked if this annealing could repair the damage caused by
the UV irradiation. As indicated by the characteristic curve
(c) indicated by the dot-and-dash 1line, the ldevice

characteristic was healed to some extent, not completely.

Accordingly, when the device was exposed to UV radiation, it



ultraviolet radiation having wavel engths ranging from 110 nmto 180 nmis
emtted fromthe plasma generation region. Wien a poly-crystalline silicon
device is exposed to such WV radiation, the device is readily damaged. As
an exanpl e of characteristic of plasm hydrogenated TFT (thin-film

transi stzor),>drain current-gate voltage curve 3 (ld-Vg curve) is shown
in Fig. 7. I'n this graph, the drain current is plotted on the verti cal
axis, whereas the drain.. voltage is on the horizontal axis. The device

whose chamand ldmdged, Sso Nthaet €de byhabecbetigtitsewevevaeteyriorated. 7 was
obt ai ned by hydrogenation. This characteristic is considerably better than
t he SUMMARY QF THE INVENTION
| It is an object of the present invention to provide a
plasma processing method and plasma generator capable of
excellently eliminating the effects of UV radiation emitted
by the plasma generator.
. A plasma processing method for achieving the above-
described object uses a plasma region produced inside a
chamber. UV radiation emitted from this plasﬁa region is
blocked. Particles inside the plasma region are guided to a
sample surface so that the particles are implanted into the
surface. Alternatively, the sample surface is etched by the
particles, or the particles are deposited as a thin film on
- the sample surface.

A plasma generator for achieving the above-described
object produces a plasma inside a chamber. A sample
positioned inside the chamber is to be processed. A UV
radiation-blocking means which passes particles forming a
piasma and blocks UV radiation is mounted between a.plasma
region and the sample.

In one embodiment of the plasma genefator, the plasma
region is formed at a position'substantially opposite to the
processed surface of the sample. The UV radiation-blocking
means comprises a plurality of UV radiation-blocking plates

each provided with plural holes. These blocking plates are



characteristic of a device undergone no hydrogenati on. However, the
characteristic is not very excellent because of danage caused by
ultraviolet radiation produced by a gl ow di scharge and because of damage
sust ai ned by energetic particles. Then, tshe surface of the device to be
_processed was covered wth quartz glass obstructing hydrogen flux.
Thereafter, the surface was exposed to ultraviolet radiation emtted from
the plasna generation region at [err]. As a result, a characteristic curve

i ndi cat ed dpaddie brelerddmcothes bby m Fifved Whacdel.vedrhds Maeringeen
fromthis characteristic curve, the device characteristic was greatly
det eri or atplhtys t Aeeexgwsdiepbeethethdt r aheollilesndiat ithie phatdsviare was
then annealed at [err] for 1 hour. W checked if this annealing could
repair thelocabed calsed &y tdtagdeéred adixlan.oms itwli catasth by atfher.
characteristic curve '

Alternatively, the UV radiation-blocking plates of the UV

radiation-blocking means are inclined from the processed.‘
surface of the sample and laid to overlap each other with a
given spacing therebetween.

In another embodiment of the plasma generator, the
plasma region is created aloné_the side wall of a chamber.
The UV radiation-blocking means is mounted along the side
wall of the chamber via the plasma region. The UV radiation-
blocking means is composed of a plurality of UV radiation-
blocking plates each provided with a plurality of holes. The
UV radiation-blocking plates are spaced from each other with
a given spacing therebetween. The holes in these UV
radiation-blocking plates are located in a staggered relation
to each other. Alternatively, the UV radiation-blocking
means comprises a plurality of UV radiation-blocking plates
inclined toward the side wall of the chémber . The UV
radiation-blocking plates ére spaced a given spacing from
each other along the side wall of the chamber.

In the aforementioned plasma processing method, the
ultraviolet radiation released from the plasma region
‘produced in the chamber is blocked and so the sample sufface

is shielded from the ultraviolet radiation. Consequently,



(c) indicated by the dot-and-dash line, the device charactéristic
was healed to sone extent, not conpletely. Accordingly, when the device was
exposed to UV radiation, it 4 was danaged, so that the characteristics
were deteriorated. SUMVARY OF THE I NVENTION It is an object of the present
I nvention to»provide a plasm processing nmethod and pl asma gener at or.
capabl e of excellently elimnating the effects of UV radiation emtted by
the plasna generator. A plasnma processing nethod for achieving the above-
descri bed tlx eeampdes is pnatnadangged [ywduhed ultstaiei slethamaeiatidv.
radiation emtted fromthis plasma region is
Particles forming a plasma inside the plasma region are
guided to the sample surface. 1In this'way, the sample is
doped with the particles, the sample surface is etched by the
particles, or the particles are deposited as a film on the
sample surface. As a result, the sample is processed in a
desired manner without being damaged by the UV radiation.

The above-described plasma generator is equipped with
the UV radiation-blocking means mounted between the sample
and the plasma region created inside the chamber. The UV |
radiation-blocking means passes particles forming a plasma
but blocks the UV radiation. In consequence, the plasma
formed by the particles is guided to the sample surface but
the UV radiation does not impinge on the surface.
Consequently, during plasma processing, the sample is not
damaged by the UV radiation.

For example, in the case of a plasma generator where the

' plasma region is created in a position substantially opposite
to the processed surface of the sample, the UV radiation-
blocking means is composed of a plurality of UV radiation-
blocking plates each provided with a plurality of holes. The
UV radiation-blocking plates are spaced from each other by a
given spacing such that their respective holes are located in

a staggered relation to each other. Therefore, since the UV

radiation emitted in the plasma region travels straight, the



bl ocked. Particles inside the plasm region are guided to a sanple surface
so that the particles are inplanted into the surface. Alternatively, the
sanple surface is etched by the particles, or the particles are deposited
as a thin filmon the sanple surface. A plLasma generator for achieving the
above-described object produces a plasma "inside a chanber. A sanple
positioned inside the chanber is to be processed. A WV radi ati on-bl ocki ng
means whi ch passes particles formng a plasma and bl ocks UV radiation is

mount ed betyled fod! 3EMHISGkEE B LHE PARLE UV 9B8iRFIH-BNCKGd he
pl asma generator, the plasnma region is forned at a position substantially

opposite tgla$es progeened £fsYHeaGadiatith Spas€s Ehﬁoﬁ?hrﬂﬂéahiomésmi@?ki ng

means conprises a plurality of UV radiation-blocking plates each provided -

with plurathdofeestThdoekinec lplate) athe aadiation is blocked by the
second blocking plate. On the other hand, the particles
forming a plasma pass through the holes and pass between the
blocking plates.

Since the UV radiation-blocking means is inclined to the
processed surface of the sample and laid to overlap each
other with a given spacing between them, the UV rays
traveling straight are blocked by the UV radiation-blocking
plates which are mounted obliquely and laid to overlap. each
other. On the other hand, the particles £orming a plasma
pass between the bldcking plates and reach the sample
surface.

Where the plasma generator produces the plasma region
along the side wall of the chamber, the UV radiation-blocking
means is compbsed of a plurality of UV radiation-~blocking
plates each provided with a plurality of holes. The UV
radiation-blocking plates are spaced from each other by.a
given spacing such that the holes in theée ?lates are located
in a staggered relation to each other. Therefore, the ﬁV
radiation tra#eling straight is blocked by the UV radiation-
blocking plates. Even if the radiation passes through the
holes in the first blocking plate, the radiation is blocked

by the second 'blocking plate. On the other hand, the



5 spaced from each other by a given spacing. The bl ocking plates are so
di sposed that the holes in the plates are located in a st agger ed

rel ation to each other. Alternatively, the UV radi ation-bl ocki ng

pl ates of the UV radiation-blocking neang are inclined fromthe processed
surfacesof the sanple and laid to overlap each other with a given spacing
t her ebet ween. | n anot her enbodi nent of the plasm generator, the plasm
region is created along the side wall of a chanber. The W/

radi at i on-gd PekéIes MBPRihGg BDWlaathadl i tiersigle ¥Ré! helekhanah via
the plasma region. The UV radiation- bl ocking nmeans is conposed of a
plurality lodtwden achatbboeking plates and reach the sample surface.

Where the UV radiation-blocking means is composed of a
plurality of UV radiation-blocking plates which are inclined
toward the side wall of the chamber and arranged along the
side wall of the chaﬁber via a given space, the UV radiation
is blocked by the UV radiation-blocking plates. On the other
hand, the particles forming a plasma pass between the
blocking plates and reach the sample surface.

Other objects and features of the invention will appear
in the course of the description thereof, which follows.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a schematic view illustfating one éxample of
plasmé processing method according to the present invention;

Fig. 2 is a schem;tic cross section of a plasma
generator according to the invention;

Figs. 3(1) and 3(2) are views illustrating the positions
at which UV radiation-~blocking means according to the
invention are mounted; |

Fig. 4 is a schematic cross section of other UV
radiation-blocking means according to the invention;

Fig. 5 is a schematic cross section of another plasma
generator according to the invention;

Fig. 6 is a schematic cross section of a further UV

radiation-blocking means according to the invention; and



bl ocki ng pl ates each provided with a plurality of holes. The W

radi ati on-bl ocki ng pl ates are spaced from each other with a given spacing
t her ebet ween. The holes in these UV radi ation-bl ocki.ng plates are

| ocated in a staggered relation to each gther. Alternatively, the U
radi ati en- bl ecki ng neans conprises a plurality of UV radiation-bl ocking
plates inclined toward the side wall of the chanber. The WV

radi ati on-bl ocki ng plates are spaced a given spacing from each other al ong

the side wall ofidhercigardegraph sh6wdhgr ERBNTHOVE§] cRh280RcRiBEITH F
met hod, the ultraviolet radration releaSed fromthe plasma regi on produced

in the chai®eices bhndéegonad thel herEdw! easur f ptasma s hydrdegenbrdmn he
ultraviol et radiation. Consequently,
processing, illustrating the problems with the prior art
processes.
DESCRIPTION OF THE PREFERRED EMBODIMENTS

A plasma processing method according to the present.
invention is described below. As one example of the plasma
processing methéd, a hydrogen doping method is now described
by referring to Fig. 1.

In Fig. 1, a sample 101 is first placed in position
within a chamber 11 in order to effect a hydrogen doping
process. The inside 6f the chamber 11 is pumped down to a
high wvacuum by .an evacuating means. (not shown). Then,
hydrogen gas H is admitted into the chamber up to a given
pfessure. During the introduction of the hydrogen gas H, the
inside of the chamber 11 is being evacuated by the evacuating
means and kept at a given pressure. The hydrogen gas is
changed into a plasma PH (hereinafter réferred to as the
hydrogen plasma), £or example, by a glow discharge inside the
chémber 11.

The generated hydrogen plasma PH is introduced into the
sample 101, thus carrying out the hydrogen doping process.
At this time, ultraviolet radiation UV traveling straight is
emitted from a plasma region 21 where the hydrogen plasma PH

is generated. The stréightness is indicated by the arrows



6 the sanple is not damaged by the ultraviolet radiation. Particles formng.
a plasma inside the plasma region are guided to the sanple surface. In
this way, the sanple is doped with the particles, the sanple surface is
etched by the particles, or the particlegegare deposited as a filmon the
sanple surfaee. As a result, the sanple i's processed in a desired manner
w t hout bei ng damaged by the UV radiati on. The above-descri bed plasm
generator is equipped with the UV radiation-bl ocki ng means nount ed between
t he sanpl e axncdchied ptasmhe egteaigheat kihéssistenimiagc hfindwer thEhepliysma
radi ati on- bl ocki ng means passes particles formng a plasma but bl ocks the
WV radi ati @egion R2lcondhyudheeeothere pndtherhydrogen hplasmai BHeisi §n
guided to the sanple surface but the UV radiation does not inpinge on the
surface. Céngageens gtaseri ridthblbsing rhras panapentiessadpU¥ radihation-
blocking means 31 permits only the hydrogen plasma PH to
reach the processed surface 101S of the sample 101. In
particular, the blocking means 31 acts like a filter which
blocks the UV radiation traveling straight but passes the
hydrogen plasma PH capable of following even a serpentine
path.

In the above-desc¢ribed plasma processing method, the
ultraviolet radiation UV emitted from the plasma region 21
inside the chamber 11 is blocked and so the ultraviolet
radiation UV does not impinge on the processed surface 1018
of the sample 101. 'Therefore, the sample 101 is not damaged
by the effect of the ultraviolet radiation UV. The hydrogen
plasma PH in the plasma region 21 is introduced into the
processed surface 1018 of.the sample 101. 1In this way, the
sample 101 is doped with the hydrogen ﬁ)lasma PH.

The above-described plasma processing method utilizes
plasma doping. Instead, plasma etching, plasma ashing,
plasma-enhanced CVD, or plasma anodization may also be
carried out. In this case, the ultraviolet radiation emitted
from the plasma region is blocked and only a plasma

consisting of particles of hydrogen is caused to reach the

. sample surface, in the same way as the foregoing. In



damaged by the UV radi ati on. For exanple, in the case of a plasma generator
where the plasma region is created in a position substantially opposite to
t he processed surface of the sanple, the UV radiation- bl ocking neans is

conposed of a plurality of UV radiation4,bl ocking plates each provided with
a plurakity of holes. The UV radi ati on-bl'ocking plates are spaced from each
ot her by a given spacing such that their respective holes are |ocated in a
staggered relation to each other. Therefore, since the UV radiation enmtted

i'n the pl agspRsEq@ERBe!, M 2yPbEc8EiAGINEant Nse pdrf@Ehad | Qi ol OUEthdy the
plural UV radia |on-bfocglng platés. Even if %he radi ati on passes through
the hol es affected by the ultraviolet radiation. In particular,

dangling bonds which woﬁld have been heretofore generated in

the sample by ultraviolet irradiation are not produced.

| A first example of the novel plasma generator is

described by referring to the schematic cross section of Fig.

2. It is to be noted that like components are indicated 5y

like reference numerals in various figures.

This plasma generator is intended to carry out the
aforementioned plasma processing'methoa. As shown in Fig. 2,
the plasma generator, generally indicated by reference
numeral 1, has a chamber 11. A éample 101 having a surface
101S to be processed is disposed inside the chamber 11.
Particles forming a plaéma P are generated in a position
subsfantially' opposite to the- processed surface 101S to
plasma~etch the processed surface 101S. As an example, the
chamber 11 has ordinary parallel-plate electrodes 12 and 13.
Therefore, the plasma P is generated beﬁween the first
electrode 12 and the second electrode 13. The sample 101 is
placed on the second electrode 13. A power supply 14 is
connected with the two electrodes 12 and 13.

The top wall of the chamber 11 is provided with a gas
irilet portion 15 for introducing a process gas G. The bottom
wall of the chamber 11 is provided with an exhaust portion 16°

for eVacuating the inside of the chamber.



the first blocking plate, the radiation is bl ocked by the second bl ocking
pl at e. On the other hand, the particles formng a plasm pass through the
hol es and pass between the bl ocking plates. Since the UV radi ati on-bl ocki ng
means is inclined to the processed surfaq_ of the sanple and laid to

overl ap-each-other with a given spacing between them the UV rays traveling
straight are bl ocked by the UV radiation-bl ocking plates which are nounted
obliquely and laid to overlap each other. On the other hand, the particles:
form ng a pl asnerheaspliasihaeaferidiatdOCili Nds plfairtheandegqedppethavitdnpha

surface. Wiere the plasma generator produces the plasnma region along the
side wal | ofltdeericilath eradidiel d-bhokleing méans k3 hgnoenhedi betwepostheof a
plurality of UV radiation-blocking plates each provided with a plurality of
hol es. Tirdaswa region 21 in which the plasma P is generated and the
samplé 101 on the second electrode 13. The blocking means 31
passes the plasma P but blocks the ultraviolet radiation UV
released from the plasma region 21, the radiation UV being
indicated by the arrows of straight lines issuing from the
plasma region 21. ?he path of the plasma P is indicated by
the arrows of the curved lines issuing from the plasma region
21. |
The ultraviolet radiation-blbcking means 31 consists of
two Dblocking plétes . 32a and 32b which are located
substantially parallel to each other and spaced, for example
a given distance dl, from each other. The blocking plates
32a and 32b are provided with plural holes 33a and.33b,
respectively, which are located in a staggered relation to
each other. That is, when viewed from the plasma region 21,
it is impossible to see the sample 101 through the holes 33a
and 33b. |
For example, the ultraviolet radiation-blocking means 31
is mounted to the first electrode 12, for example via an
insulator 34. The side' surface of the ultraviolet radiation-~ -
blocking means 31 is connected to the side wall 11S of the

chamber 11 to prevent the plasma P from being pumped from the

side of the ultraviolet radiation-blocking means 31.



radi ati on-bl ocki ng plates are spaced from each other by a given spacing
such that the holes in these plates are |ocated in a staggered relation to
each other. Therefore, the UV radiation traveling straight is blocked by
the UV radi ation- blocking plates. Even if the radiation passes through the
holes in the:first blocking plate, the radiation is blocked by the second
bl ocki ng pl at e. On the ot her hand, t & 8 particles formng a plasma
pass through the hol es and pass between the bl ocking plates and reach the

Ty or e DR, ghhetbec o Btiatkn CUBRES o

side vall @itkhoieharberadidt 86h2BI6EkENENInédes 31 for passing the
plasma P and blocking_the ultraviolet radiation UV is mounted
between the plasma region 21 and the sample 101, the plasma
region 21 being created inside the chamber 11. Therefore,
the plasma P is forced onto the processed surface 101§ of the
sample 101 but the ultraviolet radiation UV does not hit the
processed surface because the radiation is blocked by the
ultraviolet radiation-blocking means 31.

More specifically, the ultraviolet radiation UV
generated in the plasma region 21 travels straight and so the
ultraviolet radiation UV is blocked by the plural ultraviolet
radiation-blocking plates 32a and 32b of the ultraviolet
radiation-blocking means 31. Even if the ultraviolet
radiation UV passes through the holes 33a formed in the first
ultraviolet radiation~blocking plate 32a, the radiatipn uv
passed through tﬁé first plate 32a is almost totally blocked
by the second ultraviolet radiation-blocking plate 32b,
because the holes 33a and 33b are located in a staggered
relationship to each other. On the other hand, the plasma P
passes through the holes 33a and 33b and between the-
ultraviolet radiation-blocking7plates 32a and 32b and reaches
the processed surface 101S of the sample 101. Consequently,
the sample 101 is not damaged by the ultraviolet radiation UV

during the plasma processing.



side wall of the chamber via a given space, the UV radiation is bl ocked by
the UV radi ation-blocking plates. On the other hand, the particles
form ng a plasma pass between the bl ocking plates and reach the sanple
surface. O her objects and features of the invention will appear in the
course of the description thereof, which follows. BRI EF DESCRI PTI ON OF THE
DRAWNGS Fig. 1 is a schematic view illustrating one exanple of plasma
processi ng nethod according to the present: invention, Fig. 2 is a schematic
Cross section ofhe ppasfrtigaseratorwiabelor dig tud treeriobent iradidtign- 3( 1)
and 3(2) are views illustrating the positions at which U/
radi ati on-blocking means 3tcis diountes tilse noty damitedate themswedfacepf4 is
a schematic_cross section of other UV radiation-Dbl ocking neans according to
t he i nvent thg: electrode 12. For example, as shown in Fig. 3(1), the
ultraviolet radiation-blocking means 31 may be mounted to the
side wall 11S of the chamber 11 either via an insulator 35 or
directly. Furthermore, as shown in Fig. 3(2), the
ultraviolet radiation-blocking means 31 may be mounted via an
insulator 36 to the second electrode 13 consisting, for
example, of a stage on which the sample 101 is placed.

An ultraviolet radiation-blocking means .41 of another
configuration is next described by referring to the schematic
cross section of Fig. 4. This ultraviolet radiation-blocking
means 41 comprises a plurality of | (e.g., m) annular
ultraviolet radiation-blocking plates 42a, 42b, ... , 42m of
substantially U-shaped cross section. These ultraviolet
radiation-blocking plates 42a-42m are inclined to the
processed surface 101S of a sample 101. The ultraviolet
radiation-blocking plates 42a-42m are laid to overlap each
other with a given spacing d2 between them. That is, where
viewed from the above, the sampie cannot be seen through the
spaces between the successive ultraviolet radiation—bl_ocking
plates 42a-42m.

In the ultraviolet radiation-blocking means 41 of the

above-described structure, the ultraviolet radiation-blocking

plates 42a-42m are inclined to the processed surface 101S of



Fig. 5is a schematic cross section of another plasna generator according
to the invention; Fig. 6 is a schematic cross section of a further UV

radi ati on- bl ocki ng means according to the invention; and 9 Fig. 7is a
graph showi ng the 1d-Vg characteristics devi ces undergone the prior art
pl asma hydrogenati on processing, illustrating the problens with the prior

art processes.

DESCRI PTI ON OF THE PREFERRED EMBODI MENTS A pl asma processi ng

met hod according to the present invention is described bel ow. As one

exanpl e of the sp@1ER PIPCEAQI patRld10ghe aghydn0Ea Y Ng2 MELRd diciiow

descri bed

other. Under this condition, the blocking plates are laid to
overlap each other. The ultraviolet radiation UV emitted
from the plasma region 21 is blocked by the ultraviolet
radiation-blocking plates 42a-42m because of the straigﬁtness
of the propagation of the ultraviolet radiation UV. On the
other hand, the plasma P in the plasma region 21 is allowed
to pass between the successive ultraviolet radiation-blocking.
plates 42a-42m because the inside of the chamber is being
evacuated by the exhaust portion 16. Then, the plasﬁa
reaches the processed surface 101S of the sample 101.
Besides the parallel-piate electrode plasma generator 1
described above, either the ultraviolet radiation-blocking.
means 31 or the ultraviolet radiation-blocking means 41 can
be mounted. That is, if the system produces a plasma inside
a chamber and performs plasma processing, the system can be
equipped with either the ultraviolet radiation-blocking means
31 or the ultraviolet radiation-blocking meaﬁs 41. The
plasma processing includes doping (that is a process
involving a change in property), oxidation, etching (that is
a removing process), ashing, and CVD methods (which are
processes for forming films). Exampleé_of the system include
ECR plasma generators and microwave plasma generators, as
well as parallel-plate plasma generators. The plasma

generator can take the form of doping system, etching system,



by referring to Fig. 1. In Fig. 1, a sanple 101 is first placed in position
within a chanber 11 in order to effect a hydrogen dopi ng process. The

i nside of the chanmber 11 is punped down to a high vacuum by an evacuati ng
means  (not’ shown). Then, hydrogen gasjipl is admtted into the chanmber up
to a given pressure. During the introduction of the hydrogen gas H, the

I nside of the chanber 11 is being evacuated by the evacuating neans and
kept at a given pressure. The hydrogen gas is changed into a plasma PH
(herei naf t eNDr efyestieadr toor ashitey eytrtegen pl asma), for exanple, by a gl ow
di scharge inside the chanber 11. The generated hydrogen plasma PH is

i nt roduced i nt o& heesangl eedample huis cdesgirihedut by hecdfigrigeun dopi bhe
process. At this time, ultraviolet radiation UV traveling straight is

emitted frGRREMAtAGCTRRS ¥PPRiqher® Fh@- hjdr odén i ipoted that

like components are indicated by like reference numerals in
various figures. 1In Fig. 5, a plasma generator, generally
indicated by reference numeral 2, produces a plasma P along
the side wall 1;S of a chamber 11. A sample 101 positioned
inside the chamber 11 has a surface 101S to be processed.
The plasma P is generated from the Side of the processed
surface 101S to the top to plasma-etch the processed surface
101s.

The positional relation among a plasma region 51 where
the plasma P is generated, the sample 101, and an ultraviolet
radiation-blocking means 61 is shown. Means for generating
the plasma is not shown.

Specifically, the plasma region 51 is produced along the
side wall 11S of the chamber 11. A sample 101 is placed on

~ a stage 111 on the side of the bottom of the chamber 11. The
ultraviolet radiation-blocking means 61 is mouﬁted between
the plasma regioh 51 and the sample 101 to pass.the plasma P
and to block the ultraviolet radiation UV released from the
plasma region S51.

The ultraviolet radiation-blocking means 61 consists of
"two cylindrical blocking plates 62a and 62b which are located

~substantially coaxially about the sample 101. The "



I's generated. The straightness is indicated by the arrows = 10 attached to

‘the straight lines stemmng fromthe plasma region 21. On the other hand,
t he hydrogen plasma PHis in a gaseous state. Utilizing these properties,
W radiation- blocking neans 31 permits paly the hydrogen plasma PH to
reach the processed surface 101S of the sanple 101. In particular, the
bl ocki ng means 31 acts like a filter which blocks the UV radiation

traveling straight but passes the hydrogen plasma PH capabl e of foll ow ng

Che” s BEPLBELERL DILRGR BIRKESUBIE Mo PLOSEE, ghcest e il
other by a given spacing d3, for example. The blocking
plates 62a and 62b are'provided with plural holes 63a and
63b, respectively, which are located in a staggered relation
to éach other. That is, where the side wall of the chamber
11 is viewed from above the sample 101, the holes 63b do not
register with the holes 63a.

The ultraviolet radiation-blocking means 61 is mounted
to the side wall of the chamber 11 via an insulator 64 in
such a way that a plasma region 51 is secured between the
side wall 11S of +the chamber 11 and the ultraviolet
radiation-blocking means 61.

In the plasma generator 2 described above, the
ultraviolet radiation-blocking means 61 is mounted between
the sample 101 and the plasma region 51 created inside the .
chamber 11 to pass the plasma P and to block the ultraviolet
radiation UV. Therefore, the plasma P is guided onto the
processed surface 101S of the sample 101 but the ultraviolet
radiation UV does not impinge on the processed surface 101S.
Hence, the sample 101 is not damaged by the ultraviolet
radiation UV during the plasma processing. |

In the ultraviolet radiation-blocking means 61 described
aﬁove, the ultraviolet radiation UV generated in the plasma
regioﬁ 51 travels straight and thus blocked by the plu;al

ultraviolet radiation~blocking‘plates 62a and 62b. Even if

a



i nsi de the chanber 11 is bl ocked and so the ultraviol et radiation UV does
not inpinge on the processed surface 101S of the sanple 101. Therefore,

sanple 101 is not danaged by the effect of the ultraviolet radiation UV.

The hydrogen plasma PH in the plasma regign 21 is introduced into the

processed surface 101S of the sanple 101. In this way, the sanple 101 is
doped with the hydrogen plasma PH The above-descri bed pl asnma processing
met hod utilizes plasnma doping. | nstead, plasnma etching, plasma ashing,

t he

pl asma- enhatiked r@dlatdiorp| passesnativtaiglonthey hdlss bé3aarim edheutfidgt this

case,

the ul traviol et

the sanple surface, in the sane way as the foregoing. In

almost totally blocked by the second ultraviolet radiation-
blockihg plate 62b, because the two sets of holes 63a and 63b
are located in a staggered relation to each other. Oh the
other hand, the plasma P passes through the holes 63a and 63b
and reéches the processed surface 101S of the sample 101.

The position at which the ultraviolet radiation-blocking
means 61 is mounted is not limited to the side wall of the
chamber 11. The ultraviolet radiation-blocking means 61 may
be mounted at any arbitrary position as ldng as the plasma
region 51 is secured. -

An ultraviolet radiation-blocking means 71 of further
configuration is described next by referring to the schematic
cross section of Fig. 6. The ultraviolet radiation-blocking
means 71 comprises a plurality of (e.g., n) substantially
annular ultraviolet radiation-blocking plates 72a, 72b, ...,
72n which are spaced a given spacing of d4 from each other.
The blocking plates 72a;72n are inclined to the side wall 118
of a chamber 11. The blocking plates 72a-72n are arranged
along the side wall 11S via the plasma region 51. For
example, the blocking plates 72a-72n are laid to overlap each
other successively, for examéle, from the side wall 11S of
the chamber 11 toward the center.

In the ultraviolet radiation—blockihg means 71 of the

radiation emtted fromthe plasma region is bl ocked
and only a pltsawiodeti sadigtionploicking qlabalr®2en thecaadddtionr dach



consequence, processing can be perfornmed w thout being affected by the

ul traviol et radiation. In particular, dangling bonds which woul d have
been heretofore generated in the sanple by ultraviolet irradiation are not
produced. A first exanple of the novel jgl asma generator is described by
referring to*the schematic cross section of Fig. 2. It is to be noted that
| i ke conponents are indicated by |ike reference nunerals in various
figures. This plasma generator is intended to carry out the aforenentioned
pl asma pr ocessiigmurattitod. désdghbed iabdviey. £het hd teasivd egfeneadiation-
generally indicated by reference nuneral 1, has a chanber 11. A sanple 101
havi ng a silicakint pdateshd2pr-GRosared inclinedstal thes pgocessecdhanpéace].
Particles forning a plasma P are generated in a position substantially
opposi t e t 30U 9f othessampder 4O 1@nd spaced the given spacing of di

from each other. Furthermore, the radiation-blocking plates
72a~72n are laid to overlap each other. Therefore,- the
ultraviolet radiation UV traveling straight is blocked by the
ultraviolet radiation-blocking plates 72a-72n. On the other
hand, the plasma P passes between the successive ultraviolet
radiation-blocking plates 72a-72n and arrives on the
processed surface 101S of the sample 101.

'As described thus far, in the novel plasma processing
method, ultraviolet radiation emitted from a piasma regien
created in a chamber is blocked. Therefore, the sample is
shielded from the ultraviolet radiation. Consequently, the
sample is prevented from being damaged by the ultraviolet
radiation. Particles inside the plasma region are guided to

- the samplé surface. As a result, the sample is doped with
the particles; the sample surface.is plasma-etched, or the
particles are deposited as a thin film on the sample surface.
As a consequence, the sample can be processed in a desired
manner without being damaged. Accordingly, where a
semiconductor device is formed on the sample, the electrical
characteristics of the semiconductor device can be enhanced.

In the novel plasma generator, there is provided an

ultraviolet radiation-blocking means mounted between a plasma



pl asma-etch the processed surface 101S. As an exanple, the chanber 11 has
ordinary parallel-plate electrodes 12 and 13. Therefore, the plasma P is
generated between the first electrode 12 and the second el ectrode 13. The
sanple 101 is placed on the second el ect2z@de 13. A power supply 14 is
connected with the two el ectrodes 12 and 13. The top wall of the chanber 11
is provided with a gas inlet portion 15 for introducing a process gas G
The bottomwall of the chanber 11 is provided with an exhaust portion 16
for evacuategdonhereatedeinf atthanhbeniand a samplehe Pheshiogkhngameans s
further equi pped with an_ultraviol et radiation-blocking nmeans 31 nounted

bet ween t h®asses particles forming a plasma but blocks ultraviolet
| rays. Therefore, the particles forming the plasma are guided
onto the sample surface but the sample surface is prevented .

from being irradiated with the ﬁltraviolet - rays.
Consequently, during plasma processing, the Sample is not

damaged by the ultraviolet rays. Hence, a semiconductor

device having exce;lent eléctrical characteristics can be

fabricated.



pl asma regL@n—Zl_Lﬂ‘thQD_LQEBFIasna P is generated and the sanple 101 on
the second el ectrode 13. The ocki ng means 31 passes t he=pFesre—P—Hg——"
bl ocks the umumwmm uﬂ'j ipn W rel eased fromthe pl gs WIS @dEBhHAS BEENe |
radi ati on UV " Eﬂ" the arrops of straight |iljpes | 8EREAGEProm .
t he pl asma reglon 241. "Thé pathlof the plasma P is indicated py the arrows
of the curved lines issuing fromthe plasma region 21. The ultraviol et

radi ati on- bl ocki ng'means 31 consists of two blocking plates 32a and

32b whi chwaarre 18 ouaimks ulssd antially parallel to each other and spaced,
for exanple a given distance dl, fromeach other. The bl ocking plates 32a
and 32b are provided w th plasaia hprese88ingnaneéddind r fopectencatatingi ah are
| ocated in a staggered relation to each other. That is, when viewed from
the pl asmaplegmen insidet ai champesstolprecesea tsamps'laamlec_eal insidegthehe

hol es 33a
chamber, said method comprising the steps of:

forming a plasma region inside said plasma;

producing ultraviolet radiation from .said plasma region;
énd .

guiding particles inside said plasma region onto a
surface of said sample to implant the particles into said
sample, to etch said sur'fac\e- with the particles, or to
deposit said particles as a film on said surface.

2. A blaéma generator for generating a plasma
insidé a chamber to process a sample p.laced inside the
chamber, said plasma generator comprising:

a plasma region formed inside said chamber; and
- .an ultraviolet radiation-blocking means mounted between
said plasma region and said sample placed inside said
chamber, said ultraviolet radiation-blocking means acting to
pass said plasma but_biéck ultraviolet radiation.

3. The plasma generator of claim 2, wherein said
plasma region is formed in a position substantially opposite
to a processed surface of said sample, and wherein said
ultraviolet radiation-~blocking means comprises a plurality of
ultraviolet radiation-blocking plates each provided with a

plurality of holes, said ultraviolet radiation-blocking

i This Sheet Has B
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and 33b. For exanple, the ultraviolet radiation-blocking neans 31 is

nmounted to the first electrode 12, for exanple via an insul at

ALY
. N . . _ . EEN
o the st od ISR cFinter” 25’ 022 prevent "he ol asm ?}Sf@“m%%%%?i

purped fromthé si ‘de"of *the ultraviol et radiation-bl ocki ng ans 31T. 13

In the plasma generator 1 described above, the ultraviolet

radi ati on- bl ocki ng means 31 for passing the plasma P and bl ocking the

ul travi ol gplates abiedngU\Bpacesrbuat eiviest wepacihg fresneadyi obh@t, arthe he

sanpl e 101, the plasma region 21 being created inside the chanber 11.

Ther ef or e, holes of saJ.d ultraviolet radiation-blocking plates being
located in a staggered relation to each other.

4, The plasma generator of claim 2, wherein said
plasma region is formed in a position substantially opposite
to a processed surface of said samplé, and wherein said’
ultraviolet radiation-blocking means comprises a plufality of
ultraviolet radiation-blocking plates inclined to said’
processed surface of said sample, said ultraviolet radiation-
blocking plates being laid to overlap each other with a given
spacing therebetween. |

5. The plasma generator of claim 2, wherein

(A) said plasma region is formed at a side of a
processed surface of said sample,

(B) said ultraviolet radiation~blocking means is mounted
along a side wall of said chamber via said plasma region, and

(C) ultraviolet radiation-blocking plates each provided
with plural holes are spaced a given spacing from each other
such that the holes in the ultraviolet radiatioﬁ-blocking
plates are located in a staggered relation to each other.

6. The plasma generator of claim 2, wherein

(A) said plasma region lis formed at a side of a
processed surface of said sample,

(B) said ultraviolet radiation~blocking means is mounted

along a side wall of said chamber via said plasma region, and

This Sheet 1.
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the plasma P is forced onto the processed surface 101S of the sample 101
bUt t he gll_r_axu_oLeL—I—ad%H—on UV does not hit the processed surface because_

he radiation is bl ocked the ultraviol et radiati on-bl ofgk
I\/bre spe mtmiu““ \ul‘ !z ltraviol et rzgliation WV geneia”ég iliEt' DBEEN |
pl asma re ra| ght and so the ultraviol et

bl ocked by thé pI ural uI travi ol et radiation-blocking plates 32a and 32b of
the ultraviol et radiation-bl ocking nmeans 31. Even if the ultraviolet
radi ati on UV pag€gsatplwrahi theothalésadialiedr radiabibhebllockingl plates! et
radi ati on-bl ocki ng pl at.e 32a, the radiation UV passed through the first

pl ate 32a PFealimsdiinest &iq ytkmoek@e walilhefssaddd ahamher And spaced a
radi ation-bl ocking plate 32b, because the holes 33a and 33b are [ocated in
a stagger e§ivenaSRAGED fxpm Rackht AEherCAlong saie Hgrl wahke of agaddp
passes thrc%tég‘getrhe holes 33a and 33b and between the

;x
This Sheet Has Been

R



ultravi ol et radiation-bl ocking plates 32a and 32b and reaches the processed
surface 101S of the sanple 101. Consequently, the sanple 101 is not damaged
by the ultraviolet radiation UV during the plasnma processing. 14 The
positions at which the ultraviolet radi &4 on- bl ocki ng neans 31 i s nounted
is not I'imited to the surface of the electrode 12. For exanple, as shown in
Fig. 3(1), the I adi gt ign-hl ockjn s 31 my bhe nounted to
the side wall 1 é‘tAg?ﬁ\ &Jel{&é:r#ab ﬁ@éﬂ%ﬁ%%&%ﬁqﬂ B5 or di rectly.
Furthernmore, as shown in Fig. 3(2), the ultraviolet

radi ation-bl ocki ng means 31 may be nounted via an insulator 36 to the

second el ectrode 13 consisthggTRAE@rOF THE DISCLOSURE

A plasma-processing method used in processes for

manufacturing semiconductor devices. During plasma
processing, ultraviolet radiation is emitted from a region
where a plasma is created. An ultraviolet radiation-blocking
; means blocks the ultraviolet radiation from impinging on the
sample surface to protect it. The blocking means passes
particles forming a plasma onto the sample surface. The
particles passed through the ultraviolet radiatioﬁ-blocking
plates are implanted into the sample. Alternativeiy, the
processed surface of the sample is etched, or a film is

deposited on the processed surface of the samplé.

Figure 2



exanpl e, of a stage on which the sanple 101 is placed. An ul traviol et
radi ati on-bl ocki ng neans 41 of another configuration is next described by
referring to the schematic cross section of Fig. 4. This ultraviolet

radi ati on-bl ocking neans 41 conprises ,a plurality of (e.g., m
annul ar *ul traviol et radiation-blocki nglfiGtes 42a, 42b, ... , 42m of
substantially. U-shaped cross section.” These ultraviolet '

radi ati on-bl ocki ng plates 42a-42mare inclined to the processed surface
101S of a sanple 101. The ultravioel et. radi ati on-'bl ocki ng pl ates 42a-42m
are laid to overlap each other with a given spacing d2 between them That
is, where viewed fromthe above, the sanple cannot be seen through the
spaces between the successive ultraviolet radiation-blocking plates
42a-42m I n the ultraviol et radiatifﬁ1b(;ckiﬁg means 41 of the
above-descri bed structure, the ultraviolet radiation-bl ocking

ONE SAMPLE OF PLASMA PROCESSING METHOD
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pl ates 42a-42mare inclined to the processed surface 101S of 15 the
sanpl e 101 and spaced the given spacing d2 fromeach other. Under this
condition, the blocking plates are laid to overlap each other. The
ultraviolet radiation UV emtted fron1é29 pl asma region 21 is bl ocked by
the ul traviol et radiation-bl ocking pl ates 742a: 42m because of the

strai ghtness of the propagation of the ultraviolet radiation W. On the

ot her hand, the plasma P in the plasma region 21 is allowed to pass between
t he successive ultraviolet radiation-blocking plates 42a-42m because the

i nside of the chanber is being evac d by he exhaust portion 16. Then,
t he plasnma reaches the processed su;?dg of the sanple 101.

SCHEMATIC CROSS SECTION OF FIRST EXAMPLE OF PLASMA GENERATOR
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Besides the parallel-plate electrode plasma generator '1 described above,
either the ultraviolet radiation-blocking neans 31 or the ultraviol et

radi ati on-bl ocki ng means 41 can be nounted. That i's, if the system produces
a plasma inside a chanber and perforns_plasma processing, the system can be
equi pped with either the ultraviol et r 3 4t i on- bl ocki ng neans 31 or the

ul travi ol et radiation-bl ocking neans 41. The pl asna processing includes
doping (that is a process involving a change in property), oxidation,
etching (that is a renoving processyg'riging and CVD net hods (which are
processes for formng filnms). Exanplfe systen1|nclude ECR pl asma
generators and m crowave plasma generators, as wel Sﬁallel pl at e

pl asnma gener at orPOSlTlONSé\TpW U&eﬁbk\'%ﬁhﬂcmm ARE MQUNTED dopi ng
system etching system
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16 CVD system or ashing system A second exanple is described by referring
to the schematic cross section of Fig. 5.- It is to be noted that |ike
conponents are indicated by |ike reference nunerals in various figures. In
Fig. 5, a plasma generator, generally indjcated by reference nuneral 2,
produces a plasna P along the side wal 14 ZJ- 168 of a chanber 11. A sanpl e 101
positioned inside the chanber 11 has a surface 101S to be processed. The
plasma P is generated fromthe side of the processed surface 101S to the
top to plasma-etch the processed surface 101S. The positional relation
among a plasma region 51 where the plasma P is generated, the sanple 101
-and an ul traviol et radi ation-Dbl ocki ﬁ-iménsél I's shown. Means for
generating ®

SCHEMATIC CROSS SECTION OF UV RAY-BLOCKING MEANS OF ANOTHER STRUCTURE
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the pllasma is not shown. Specifically, the plasma region 51 is produced
along the side wall 11S of the chanber 11. A sanple 101 is placed on a
stage 111 on the side of the bottom of. the chanber 11. The ultraviol et

radi ati on- bl ocki ng neans 61 is nounted between the plasma region 51 and the
sanpl e “101 to pass the plasma P and to ck the ultraviolet radiation W
rel eased fromthe plasma region 51. The ultraviol et radiation-bl ocking
means 61 consists of two cylindrical blocking plates 62a and 62b which are
| ocat ed substantially coaxially about the . sanple 101. The

17 cylindrical blocking plates 62a %Fnlﬁep'qeﬁ spaced from each

SCHEMATIC CROSS SECTION OF SECOND EXAMPLE OF PLASMA GENERATOR
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ot her by a given spacing d3, for exanple. The bl ocking plates 62a and 62b
are provided with plural holes 63a and 63b, respectively, which are |ocated
in a staggered relation to each ‘other. That is, where the side wall of the
chanmber 11 is viewed from above the sanple 101, the holes 63b do not
register wWith the holes 63a. The ultra ) Bllet i adiation- bl ocki ng neans 61 is
mounted to the side wall of the chanber 11 via an insulator 64 in such a
way that a plasnma region 51 is secured between the side wall 11S of the
chanber 11 and the ultraviolet radiation- blocklng means 61. In the plasna
generator 2 described above, the ul tpyﬁ ad| ation-bl ocking neans 61 is
nmount ed between the sanple 101 and tfhe a region 51 created inside the "
chanmber 11 to pass the plasma P and to block the ultraviolet radiation UV.

Ther ef or e, tBﬁHEWd%rﬁRG 5 SEGTIONOF UVRAY:-BIOCKING MEANS OF FURTHER STRUCTURE
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processed surface 101S of the sanple 101 but the ultraviolet radiation W
does not inpinge on the processed surface 101S. Hence, the sanple 101 is
not danmaged by the ultraviolet radiation U during the plasnma processing.
In the-ultraviolet radiation-blocking gﬁz S 61 described above, the

ul traviolet ‘radiati on. UV generated in t pl asma region 51 travels straight
and thus bl ocked by the plural ultraviolet radiation-blocking plates 62a
and 62b. Even if 18 the radiation passes through the holes 63a in the
fi-rst ultraviolet radiation-blocking plate 62a, the radiation is al nbost
totally bl ocked by the second ultraviol et radiation- blocking plate 62b,
because the two sets of holes 63a and 63b

FIG.7
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are located in a staggered relation to each other. On the other hand, the
pt asma P passes through the holes 63a and 63b and reaches the processed
surface 101S of the sanple 101. The position at which the ultraviolet

radi ati on-bl ocking neans 61 is nounted is not limted to the side wall of
the chanber 11. The ultraviol et radiatiqg7blocking means 61 may be nounted
at.any arbitrary position as long as the“plasma region 51 is secured. An
ul traviol et radiation-bl ocking nmeans 71 of further configuration is
described next by referring to the schematic cross section of Fig. 6. The
ul traviol et radiation-blocking means 71 conprises a plurality of (e.g., n)
substantially annul ar ul traviol et radiation-blocking plates 72a, 72b, ...,
72n which are spaced a given spaci NGO 4 fgom each other. The bl ocking
‘plates 72a-72n are inclined to the 2?qé6%@ I§ 11S of a chanber 11. The

bl ocki ng pl ates 72a-72n are arranged o :
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3 .
al ong the side wall 11S via the plasnma region 51. For exanple, the
bl ocking plates 72a-72n are laid to overlap each other successively, for
exanple, fromthe side wall 11S of the chanmber 11 toward the center. In the
ul traviol et radiation-bl ocking neans 71 of the - 19 configuration
descri-bed above, the ultraviolet radiatigpy blocking plates 72a-72n are
inclined to the processed surface 101S of the sanple 101 and spaced the
gi ven spacing of d4 fromeach other. Furthernore, the radiation-Dbl ocking
pl ates- 72a-72n are laid to overlap each ot her. Therefore, the ultraviolet

radi ation -UV traveling straight is o] d the ul traviol et
radi ati on- bl ocki ng pl ates 72a-72n. i: oher

SCHEMATIC CROSS SECTION OF FIRST EXAMPLE OF PLASMA GENERATOR
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hand, the plasma P passes between the successive ultraviol et

radi ati on- bl ocki ng plates 72a-72n and arrives on the processed surface 101S
of the sanple 101. As described thus far, in the novel plasma processing
met hod, ultraviolet radiation enmitted froma plasma region created in a
chanber is blocked. Therefore, the sanpl g/fs shielded fromthe ultraviol et
radi ati on. Consequently, the sanple is prevented from bei ng damaged by the
ultraviolet radiation. Particles inside the plasma region are guided to the
sanple surface. As a result, the sarphé'ﬁs ped with the particles, the
sanpl e surface is plasma-etched, or ft #A™Mcles are deposited as a thin
filmon the sanple surface. As a consequence h . processed
in a desired mann®0SITAONSATE WHICH Ky Rﬂgrﬂi&ﬁl(mé M%mgmmere a
sem conductor device is forned on the sanple, the electrical
characteristics of the sem conductor devijce can be enhanced.
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In the novel plasma generator, there is provided an ultraviol et

radi ati on- bl ocki ng neans nount ed between a pl asnma- 20 region created in a
chanber and a sanple. The bl ocki ng nmeans passes particles formng a plasm
but bl ocks ultraviolet rays. Therefore, the particles formng the plasma
are guided onto the sanple surface but tiy%sanple surface is prevented from
bei ng I rradiated with the ul travi‘ol et rays. Consequently, during
pl asma processing, the sanple is not danaged by the ultraviolet rays.

Hence, a sem conductor device having excellent electrical characteristics

can be fabricated.
FIG.4
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21 WHAT IS CLAIMED I S: 1. The plasma generator wherein (a) said plasm
region is forned at a side of a processed surface of said sanple, (b) said
ultravi ol et radiation-bl ocking neans is nounted along a side wall of said
chanber via said plasnma region, and (c) ultraviolet radiation-bl ocking

pl ates each provided with plural holes aggzspaced a given spacing from each
ot her such that the holes in the ultraviolet radiation-blocking plates are
| ocated in a staggered relati-on to each ot her. ' '

FIG.5

SCHEMATIC CROSS SECTION OF SECOND EXAMPLE OF PLASMA GENERATOR
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22 pl ates being spaced a given spacing fromeach other, the holes of said
ul traviol et radiation-blocking plates being located in a staggered rel ation
to each other. 4. The plasma generator of claim2, wherein said plasm
region is formed in a position substantially opposite to a processed
surface of said sanple, and wherein saidgykhtraviol et radiation-blocking
means conprises a plurality of ultraviolet radiation-blocking plates
inclined to said processed surface of said sanple, said ultraviol et :
radi ati on- bl ocking plates being laid to overlap each other with a given
spaci ng therebetween. 5. The pl asna e at of claim2, wherein

pacing there S S K )
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(A) said plasma region is forned at a side of a processed surface of said
sanple, (B) said ultraviolet radiation-blocking neans is nmounted al ong a
side wall of said chanber via said plasma region, and (C) ultraviolet

radi ati on-bl ocking plates each provided with plural holes are spaced a

gi ven spacing fromeach other such that tyg holes in the ultraviol et

radi ati on-bl ocking plates are |ocated in a staggered relation to each
other. 6. The plasma generator of claim2, wherein (A) said plasnma region
is formed at a side of a processed surface of said sanple, (B) said '
ul traviol et radi ation-bl ocking neans is nounted along a side wall of said
chanber via said plasma regi-on, and This Sheet Has Been Repl aced
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(C) a plurality of ultraviolet radlatlon bl ocking plates are. Jncllned to.
the side wall of said chamber and spaced a given spaC|ng ;
along 'sai d si-de—wall—of -said chanber.

21
WHAT IS CLAIMED IS:

1. The plasma generator wherein

(a) said plasma region is formed at a side of a
processed surface of said sample, '

(b) said ultraviolet radiation-blocking means is
mounted along a side wall of said chamber
via said plasma region, and _

(¢) ultraviolet radiation-blocking plates each
provided with plural holes are spaced a
given spacing.from each other such that the
holes in the ultraviolet radiation-blocking
plates are located in a étaggered relation
to each other.



