Sl + CFO 10543 PLASMA PROCESSI NG METHOD AND PLASMA PROCESSI NG
SAPPARATUS BACKGROUND OF THE | NVENTI ON 5 Field of the invention This
Pnvention relates to a plasna processing nethod and a pl asma processin _
apparatus. ‘More particularly, this inventipn relates to a 8¥6Sq?5950 §sing
met hod and apparatus that can well form 10 non-si ngl e- cryst al”“rancti onal
deposited films used as sem conductor |ayers of sem conductor devices such
as, in particular, photoelectric transducers including electrophotographic
phot osensi tive menmbers, image input line sensors or image pick-up devices,
optical input 15 devi ces PBASNAI PRECESYING MEMHOD #AND devi ces usabl e as
solar cells, and active devices such as diodes and TFTs (thin film
transistors). Related Backgr oRiRSME tPRCCESSANG RREBARARUSADpar at uses as
typified by 20 pl asma processi ng apparatuses used in the fabrication of
sem conduct or devices are used under appropriate selection adapted to

vari ous processing ods carried out according to respective steps and
uses. For exanpR&RGROUND QF THE, INVENTIONAr at uses and met hods 25 maki ng

t he nobst aqf tthr’featur S fe ﬁsg@ in various nmanners such that oxide
filns, nigride—%ﬁ%ﬂ&95¥1§ﬁbiﬁﬁ@9§—gﬂ i con semi conductor filns are formed by

This invention relates to a plasma processing

method and a plasma processing apparatus. More
-particularly, fhis invention relates to a plasma
processing method and apparatus that can well form

10 non-single-cfystal functional deposited films used as
semiconductor layers of semiconductor devices such as,
in particular, photoelectric transducers including
electrophotographic photosensitive members, image input
line sensors or image pick-up devices, optical input

15 devices as typified by photovoltaic devices usable as
solar cells, and active devices such as diodes and TFTs
(thin film transistors). .
Related Background Art

Vacuum processing apparatuses as typified by

20 = plasma processing apparatuses used in the fabrication
of semiconductor devices aré used under appropriate
selection adapted to various processing méthods carried
out according to respective steps and uses. For
example, in film formation, apparatuses and methods

25 making the most of their features are used in various
manners such that oxide films, nitride films or

amorphous silicon semiconductor films are formed by



-2- plasma CVD using a plasma CVD apparatus, netal-wiring filnms are forned
by sputtering using a sputtering apparatus, and fine patterns are forned by
dry etching using an etching apparatus. 5 ~ In recent years, there is
al so an increasing demand for inprovermentsain filmaquality of films fornmed
and their processing capacity, and various means therefor are studied. In
particul ar, plasnma processing that utilizes a 10 hi gh-frequency power is
preferably enployed in many fields because of its various advantages such
that it ensures a high discharge stability and can be used also in formng
i nsul ati ng mat @lissma HTh wslngkiaelddmes G apgariatms,i metaltwiring
Hitherto, the oscillation frequency assigned to_high-frequenqy power
sources for di dHMgiare firsmed by sputtenings sisiggsecispasteirdngn CVD i s
13.56 MHz as commonly used. An exanpl e of such conventional plasma CVD
appar at uses coRRRATFETUS widhd e Paidarnf R feFmed by Graymetchigigown in
Fig. 1. The plasma CVD %gﬁﬁratus diagrammatically illustrated in Fig. 1is
a film forning YSfg &L %I%’Rﬂ?@%“zﬁw anor phous silicon film

(hereinaf%gr "a-Si'@A @é&éﬁ%'g%kﬂﬁﬂ %%é}e is also an increasing
demand for improvements in film quality of films formed
and their processing capacity, and Qarious means
therefor are studied.

In particular, plasma processing that utilizes a

10 high-frequency power is preferably employed in mény

| fields bedaqse of its various advantages such that it
ensures a high discharge stability ahd can be used also
in forming insulating materials such as oxide films and
nitride films..

15 - Hitherto, the oscillation frequency assigned to
high-frequency power sources for discharging used in
plasma processing such as plasma CVD is 13.56 MHz as
commonly used.: An example of such conventional plasma
CVD apparatuses cdmmonly in wide use to form depqsited

20 films is shown in Fig. i. The plasma CVD apparatus
diagrammatically illustrated in Fig. 1 is a film
forming apparatus suitable when an amorphous silicon
film (hereinaftér "a-Si film") is formed. on a
cylindrical substrate for an electrophotographic

25 photosensitive member. |

The formation of an a-Si film by the-use of this

apparatus will be described below.



cylindrical substrate for an el ectrophotographic 25 phot osensi tive
menber. The formation of an a-Si filmby the use of this apparatus wll be
descri bed bel ow. -3- A reaction chanber (a deposition chanber) 301 that
can be evacuated has a cylindrical second gl ectrode 306 and is provided
with a cylindrical first electrode constituting a filmformng substrate (a
substrate for 5 an el ectrophot ographi ¢ photosensitive nenber) 302 as an
opposi ng el ectrode set opposingly to the second el ectrode 306. To both ends
of the filmformng substrate (first electrode) 302, auxiliary substrates

307 and 308 are resprctésetiohi thafbéd CaNGépodsieigrard¢hdmber ) 0801 hehatr st
electrode. In order to inprove uniformty in filmthickness and film
properties, thecannpasevacodtédchascancykindticak SHEond elactydded@06shaft
direction is set substantially the sane as the total of the |engths of the
filmform ng subsdriseproévided18ith a|eylindeicadbofirst electredesubstrates
307 and 308 in their cylinder shaft direction. The first electrode, film
form ng subst r €@nSbPtutingad efilm cEPTMENG navbRtEAtectm SWpsERate £0Ral

heating el ement 303. A high-frequency power source 312 is onlg gingle-point
- an electrophotographi¢ photosensitive member) 302 as an

opposing electrode set opposingly to the second
electrode 306. To both ends of the film forming
substrate (first electrode) 302, auxiliary substrates
. 307 and 308 are respectively fitted to constitute part
10 of the first electrode. In order to improve uniformify
in film thickness and film properties, the dimension of
the second electrode'soﬁ.in its cylinder shaft
.direction is set substantially the same as the total of
the lengths of the film'forﬁing substrate (first
15 electrode) 302 and auxiliary substrates 307 and 308 in
their cylinder shaft direction. The first electrode,
- £film forming substrate 302 is heated from its inside by
- means of an internal heating element 303. A
high-frequency power source 312 is only single-point
20 connected-to the second electrode 306 by a cable 313
through a matching circuit 311. The deposition chamber
301 is provided with a vacuum exhaust tuﬁe 305 and is
connected to an exhaust means (not shoﬁn) such as a
vacuum pump via a main valve 304. Tﬁe deposition
25 chamber 301 is also provided with a material gas inlet
309 from which a material gas is fed into the chamber

via a material gas feed valve 310.



[

20 connected to the second el ectrode 306 by a cable 313 through a
matching circuit 311. The deposition chanber 301 is provided with a vacuum
éxhaust tube 305 and is connected to an exhaust neans (not shown) such as a

vacuum punp via a main val ve 304. The depogiiion 25 chanber 301 is also
provided with a material gas inlet 309 fromwhich a material gas is fed
into the chanber via a material gas feed val ve 310. -4- Filns are

formed, for exanple, in the following way. The filmform ng substrate 302
serving also as the first electrode is placed inside the deposition chanber
5 301, and then FHémsaiares dormed)4 ficxr exampde!,oiantheefadlawdighe i nsi de
of the deposition chanber 301 through the evacuation tube 305. Thereafter,
the material g#&¥f-eed val ve 310 is opened to feed an inert gas into the
chanber through the naterlal as inlet 10 309, and its flowrate is

adj usted so as to pr&® orayng: subgtaaten30Zeserndgng adse as0Thes
electrified toF?eat t he f|In1forn1ng substrate 302 to a desired tenperature

of from 100 er Fi-ESto SAGSRFAdRCISTRIASED: dnsider the Aspersigicg: chembegas,

0. aly 483 " el hEn The 32130310 B0 TS bpdNea%%s oace | ane
evacuate the inside of the deposition chamber 301
through the evacuation tube 305. Thereafter, the
material gas feed valve 310 is opened to feed an inert
.gas into the chamber through the material gas inlet

10 309, and its fiow rate is adjusted so as to provide a

given pressure. The heating element 303 is electrified
to heat the film forming substrate 302 to a desired
temperature of from 100°C to 400°C.

Thereafter, a film forming material gas, e.g., a

15 desired material gas selected from silane gas, disilane
gas, methane gas, ethane gas and so forth and also
optionally a doping gas such as diborane gas or
phosphine gas are fed into the deposition chamber 301
through the material gas feed valve 310,  and the

20 exhaﬁst velocity is adjusted so as to maintain the
pressure at.tens of Torr to hundreds of niTorr.

A high-frequency power of 13.56 MHz is supplied
from the high-frequency power source 312 to the second
electrode 306 single-point connected to the second

25 electrode 306 by the cable 313 through the matching
circuit 311, to'generate plasma discharge between the

second electrode 306 and the film forming substrate



gas, nethane gas, ethane gas and so forth and also optionally a doping gas
such as di borane gas or phosphine gas are fed into the deposition chanber
301 through the nmaterial gas feed valve 310, and the 20 exhaust velocity
Is adjusted so as to nmaintain the presswesat tens of Torr to hundreds of
mrorr. A hi gh-frequency power of 13.56 MHz is supplied fromthe

hi gh- frequency power source 312 to the second el ectrode 306 single-point
connected to the second 25 el ectrode 306 by the cable 313 through the
matching circuit 311, to generate plasma di scharge between the second

el ectrode 306 B/02,t whdrd ntHeo md terisalb gassise fed a¥e Sezomplomed tiee nateri al
gases fed are deconposed to deposit an a-Si filmon the filmformn
substrate 302 stapasit @ms@-@i tiidnf ionstthel &dilnoforming isubsdrmate 02 hi s
deposition, the first electrode is heated by the 5 heati ng el enent 303

to about 100[ ers€ving sdf®raq ¢he figste sd@ctrodee f IPmbher FOWFse R rate
may be rotated by neans of a rotating nechani sm (\not, shown that the
film thickness dHst depasidian, the Frhsh&lactd ﬁsoﬁ%ﬁ?—dﬁo%?i %S’reoved. 10
0 this fidm [0 P aeeisie Ui PRI Lo N g & Si film
If necessary, the film forming substrate may be
rotated by means of a rotating mechanism (not shown) so
that the film thickness distribution in the peripheral
direction can be improved.
10 In this film forming process, the deposition rate
for obtaining a-Si films satisfying the performance of
electrophotographic photosensitive members is a
deposition rate of, e.g., about 0.5 to 6 pm per hour.
If the deposition rate is made higher than that, the
15 properties required for photosensitive members may
become low or no desired pérformance can be achieved in
some instances. Also, when a-Si fiims are utilized in
electrophotographic photosensitive members, it is
commonly considered necessary for the films to be in a
20 thickness of at least 20 ym to 30 pm in order to obtain
a chargeability. Hence, it has taken a long time to
produce electrophotographic photosensitive members.
Thus, it has been earnestly sought to provide a
technique that can produce them in a shorter time
25 without lowering the properties required for
photosensitive members.

Meanwhile, in recent years, there is a report on a
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el ectrophot ographi ¢ photosensitive nmenbers is a deposition rate of, e.g.,
about 0.5 to 6 pmper hour. If the deposition rate is made hi gher than
that, the 15 properties required for photosensitive nenbers nmay becone

| ow or no desired performance can be achieyed in sone instances. Al so, when
a-Si filnms are utilized in el ectrophotographic photosensitive nenbers, it
I's commonly considered necessary for the filnms to be in a 20 t hi ckness
of at least 20 pmto 30 pmin order to obtain a chargeability. Hence, it
has taken a long tinme to produce el ectrophotographi c photosensitive
menbers. Thus, g%tasnm Qy&e met:hrade gkl ngo Yt Otfoapgéﬂhdéraqm Powerhat can
produce themin a shorter tine 25 w t hout |owering the properties
required for pHOUESENST 2P M9 FOrgRaFRRTLed PHtr B8ARY Pears, there is a

report on a -6- plasma CVD et hod paki ng use of  a_hi gh-frequency power
source of 20 MRATGLlfdr@late plagms,CVhsapbazatysaf PéP-sg‘laaF eg'li§§% CVvD

2675 oy 3pnd, Hlamey Rectaasteir Mat, Ten "t e A8BBei PPon2P%: & can be
| mproved 8 Nollzdh0Wehliad, LhEwa® BoBRIE113ky eRAY LAY bbbBtR3en e
rate can be improved without lowering the performance
of deposited film when the dischargé frequency is made
higher than the conventional frequency 13.56 MHz, and
has attracted notice. Making the discharge frequency
10 higher in this way is also reported in sputtering
techniques, and in recent years its advantage is
extensively studied.
Now, when films are fo:med'using the above plasma
CVD apparatus and in the same manner as the
- 18 conventional method except that the power is replaced
with a high-frequency power of a discharge frequency
higher than the conventional frequency 13.56 MHz, it is
certainly possible to ascertain that films can be
formed in a higher deposition rate than conventional
20 cases. In such a case, however, it has been found that
the following problems may occur which have not been
questioned in the case of the discharge frequency of
13.56 MHz. |
That is, when films are formed while rotating the
25 film forming substrate 302, it is true that films
having substantially the same properties as those of

conventional films can be deposited and also as a



hi gher than the conventional frequency 13.56 MHz, and has attracted notice.
Maki ng the di scharge frequency 10 higher in this way is also reported in
sputtering techniques, and in recent years its advantage is extensively
studi ed. Now, when filnms are forned using $he above plasma CVD appar at us
and in the sanme manner as the 15 conventi onal nmethod except that the
power is replaced with a high-frequency power of a discharge frequency

hi gher than the conventional frequency 13.56 MHz, it is certainly possible
to ascertain that filns can be forned in a higher deposition rate than
conventi onal 2Mmattemafs counses pan dbecdeposidedydn a uniformediliround t hat
“the followi ng problens may occur which have not been questioned in the case
of the di schar g&ickaqseh disdributonvin theaperdphared finestion,f duted
whil e rotating th?125 filmformng substrate 302, it is true that filns
havi ng subst antitaPaf Hgens foung ihet the £41lm shdcknessnbesomesal filns can

be deposited and al so mat ter. of cqurse can be deposited in a

oni form film ¢ PETeERs 47 the ipﬁ-ﬂﬁzii-l’blﬁrPﬁref’Fré'eﬁé?PﬂhQPQi upever; fddm but it has

been foung tha%h&%&h&éé“dﬁ@é%ﬂﬂ%%%a%?%%%%5greatly occurs when films

are formed in such a state that the film forming
substrate is set stationary, using a deposited film
forming apparatus from which the mechanism for rotating
the film forming substrate is omitted or without

10 operating the rotating mechanism so that the apparatus
can enjoy a cost reduction and its maintenance can be"
made less troublesome. More specifically, it has
become clear that, in practice, the state of plasma
generated in the apparatus is fairly localized in the

15 - peripheral direction and also the_deposition rate

- greatly differs at some pdrtions. Such an uneven film

- thickness distribution is considered not to occur on

. the surface when films are formed while rotating the
film forming substrate. '

20 It has been also found that what differs in the
peripheral direction is not only the deposition rate
but also the electrophotographic performance of
deposited films, the latter being fairly different at
some portions. This uneven performance can not be

'25 explained from only the difference in thickness of
deposited films, and hence the film quality itself of

the deposited film is presumed to be different in its



uneven in the peripheral direction and uneven film5 t hi ckness
distribution very greatly occurs when filns are fornmed in such a state that
the filmformng substrate is set stationary, using a deposited film
form ng apparatus from which the nechani smgfor rotating the filmformng
substrate is omtted or wthout 10 operating the rotating nechani sm so
that the apparatus can enjoy a cost reduction and its mai ntenance can be
made | ess troubl esome. Mre specifically, it has becone clear that, in
practice, the state of plasma generated in the apparatus is fairly

| ocal i zed i n t heextpherpdrdpnechiodi r ekti bassbeen| abse hfowr@dothatotheat e
greatly differs at sone portions. Such an uneven filmthickness

di stribution |SPE%ﬁ€$ﬁB$bﬁlﬁetmFBbBECD?soﬂ Pﬁﬁt%ﬁrP%E£P¥W@@P¢lahs are
formed while rotatlngathe filmformng. substrate. It has been

al so found thatPRREEORT{ViFR fngppd ﬁé}mp%%?%}tﬁl+%C?WQWP?§1HB?I%%Iy t he

d t t b t l | hot hi f f d ted

T the | at arreafies ke cPhoEbasnaLteS Metin omaniieh ctifoven
f the di

thi ckness o ngpg’?'f‘t‘gﬁ Besn 4B WALIL HLERCIRG ¥nd' 160 Bofnida. 1o

deposi t ed f"”’éébé%féﬂ&?daﬁa 86 ChéT6ERY hdhd!fas a poorer

performance at portions with a poor film quality in the
peripheral direction than the photosensitive member on
which the film has been formed while rotating the film
10 foiming substrate. Namely,.in the photosensitive
member on which the film has been formed while rotating
the film forming substrate, it is presumed that a film
with poor properties and a film with good properties
are formed in layers and hence an averaged performance
15 is exhibited.

As discussed above, in the film formation using a
high-frequency power of a frequency higher than the
conventional 13.56 MHz, the film thickness distribution
and film properties become uneven in the peripheral

20 . direction when films are formed in the state that the
film forming substrate is set stationary. As a result,
in workpieces with a relatively large area as in
electrophotographic photosensitive members, uneven
images problematic in practical use have often

25 occurred.

In the case when films are formed while rotating

the substrate to be processed, the film with good
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-8- peripheral direction. It has been also found that the photosensitive
menber has a better performance at portions with a good filmaquality in the
peri pheral direction than a photosensitive nmenber on which the 5 film
has been fornmed while rotating the film fognming substrate, and on the other
hand has a poorer performance at portions with a poor filmaquality in the
peri pheral direction than the photosensitive nenber on which the film has
been formed while rotating the film 10 form ng substrate. Nanely, in

t he photosensitive nmenber on which the filmhas been fornmed while rotating
the filmforn rgrepestiaseandtthe Hilmuwith tpeor pfoperied gomr properties
and a filmw th good properties are fornmed in |ayers and hence an averaged
per f or mance 15 ineyitakhyhfewmed Abn glayexs decawse of nthecldcakitationi on
using a high-freguency power of a frequency higher than the conventi onal
13.56 Mz, the fIRiesPRknEQsthptitheufiUn RERPET TR Rerone ckotrbbye

dneven 10 (he PELLBIELELLZY oo ShESELUSE HOSR L g Gl AR, 1 (e state
Tk oaeoort e RSN St AL SR ERAL S RN e,
often 25 OCQ&giﬁihaii&té@%&fﬁ@hymen films are formed while rotating
Such uneven deposition rate and film properties
may cause a great problem when functional deposited
films formed of non-single-crystal materials including
10 amorphous or microcrystalline materials useful for not
only electrophotographic photosensitive members but
also image input line sensors, image pick-up devices,
photovoltaic devices and so forth. Also, in the case
of other plasma processing such as dry etching and
15 sputtering, similér uneven processing may result when
the discharge frequency is made higher, and may cause a

great problem in practical use.

SUMMARY OF THE INVENTION

20 An object of the present invention is to provide a
plasma processing method and a plasma processing
apparatus that have overcome the above problems in the
prior art, and enable uniform plasma processing on
substrates with a relatively large area af a high

25  processing speed that has not beeﬁ achievable in the
conventional plasma processing.

Another object of the present ihvention is to



the substrate to be processed, the filmw th good . -9- properties and the
filmw th poor properties are inevitably forned in | ayers because of the
lFocal i zati on of plasma, so that the filmproperties becone totally
deteriorated to cause the problemthat gogg Lilm5 properties can not be
obt ai ned whi ch shoul d have been originally attained. Such uneven deposition
rate and filmproperties my cause a great problem when functional
deposited filnms fornmed of non-single-crystal materials including 10

anor phous or mcrocrystalline materials useful for not only

el ect r ophot ogr ppbvddehat plassat precesstiegsmethod| andi aapdasmput | i ne
sensors, inmage pick-up devices, photovoltaic devices and so forth. Also, in
the case of ot PEPCes&img pPPEFeLusgtbathcan enjopt shehgréed 15

sputtering, simlar uneven processing nay result when the discharge
frequency is nﬂH@CESSHEQ téNG ged éag§€e§ geeat apfosRrenframpAapPrddrduse.
SUWARY OF THE | NVENTI ON An obj.ect of the present invention is
to provide a pFiimg HP§@e§§Fﬁ@b&§tﬁ86 HﬁﬂdﬁcbpﬂsﬁﬁmeBEGE§Fﬁ§ dgpiresus

t hat have overco oye oblens.in the prior_art, and enable uniform
pl asma prgcess ﬁg 8RQ%ie% % &ectrophotograpﬁlc photosensxtlve

members having superior image characteristics.

Still another object of the present invention is
to provide a plasma processing method and a plasma
processing apparatus that enable uniform and high-speed

- 10 plasma processing on substrates with a large area even
when blasma processing that utilizes a high-frequency
power of 20 MHz to 450 MHz is carried out.

A further object of the present invention is to
provide a plasma processing method and a plasma

15 processing apparatus that not only can form deposited
films at a high rate but also can make their film
thickness uniform and achieve an improvement in film
quality, and also can acﬁieve a more cost reduction and
higher performance of the semiconductor devices

20 produced.

The present invention provides a plasma processing'
apparatus comprising'a reaction chamber provided with a
first electrode to be placed in a space that can be
evacuated and a second electrode disposed so as to

25 surround the first electrode, wherein the second
electrode is ccnnected to a high-frequency power supply

means at two points at least.
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substrates with a relatively large area at a high 25

processi ng speed

that has not been achievable in the conventional plasma processing. Another
obj ect of the present invention is to - 10 - provide a plasma processing
nmet hod and a plasma processing. apparatus fihat- can enjoy a shorter _

processing time and a |ower cost and can formdeposited filnms nost suitable
for produci ng sem conductor devices 5 as typified by el ectrophot ographic

phot osensi tive nmenmbers having superior .image character

istics. Still another

obj ect of the present invention is to provide a plasma processing nethod
and a pl asma processiify REssenst davendiom adise provddesasd pliagmaspeed 10
pl asma proce53|€§(n1substra es mnth a | ar ge area even when plasma

processing t hat?®

d L t enti.on
g?gglrrg p(r)lcj)f:esm r%é‘}rre @ ¥ %rgg:mg LEt ?:rc])dﬁ, g,
only can form deposid %@e{édar?édatanﬁ gl %Qco%heeﬁ%ﬁ'

t hi ckness uni form and achi eve an r ovement

qeSs0g ef; defe Putode Bpfreagtinn chamhenty | s

is to provide a

858030 B SPRCEs Rkt not

Q égn make their film
mq

ﬁPP?e aﬁﬁ al so can

achi eve a gT0r ¢ k@St 0140 1bdiebaRe” LAETHRRROR' CLlprALTrEonduct or

devi ces
' - supplying a high-frequency power to the

second

electrode to generate plasma to carry out plasma

processing on the first electrode, wherein the

high-frequency power is supplied to the

10 electrode at two points at least.

BRIEF DESCRIPTIQN OF THE DRAWINGS

second

Fig. 1 is a schematic structural view to

illustrate an example of a conventional

deposition film

15 forming apparatus, a plasma processing apparatus.

Fig. 2 is a schematic structural view to

illustrate a preferred example of a deposited film

-forming apparatus, a plasma processing apparatus,

.- according to. the present invention.

20 . .. Figs. 3A to 3C:.are schematic sectional views to

illustrate other preferred examples of the deposited

film forming apparatus, a plasma processing apparatus,

according to the present invention. .

25 DESCRIPTION OF THE PREFERRED EMBODIMENTS

' The present inventors made extensive studies in

order to solve the problem of uneven film thickness



20 produced. The present invention provides a plasm processing
apparatus conprising a reaction chanber provided with a first electrode to
e placed in a space that can be evacuated and a second el ectrode di sposed
so as to 25 surround the first el ect+ d®,~- wherein the second el ectrode
is connected to a high-frequency power supply neans at two points at |east.
- 11 - The present invention also provides a plasma processi ng net hod
carried out in a reaction chanber provided with a first el ectrode placed in
a space that can be evacuated and a second el ectrode disposed to 5

surround the fdistridutionnnd (HelhRIQRETWAT i dde RaFARhaFa

hi gh-frequency_power, to the second el ectrode to generate plasma to carry

out plasma prEERFHPDIN QFRIFTING BISR Fidds %r@‘?‘?‘%e"_'ﬁi%ﬁ@ﬁ%ncy
BRI EF DESCRI PTHHE L TR b ieta T S tardendist At Hend ew to
VAR ¢ L ST PR P R EE M A N
viewto g They first made experiments to ascertain the
positional relationship between the film thickness
unevenness oécurred and the position at which a
high-frequency power was supplied into the reaction
chamber. As a result, unexpectedly it has been found
10 that the film thickness distribution occurs without
correlation with the position at which the
.high-frequehcy power is supplied into it. The reason
therefor is unclear at present. It is presumed that
the inductance component of the second electrode (the
15  cathode) to which the power is applied becomes
unnegligible when - the high—frequencyfpower of from 20
MHz to 450 MHz is ﬁsed, which is within what is called
the VHF range. If, however, only the inductance is
questioned, it should follow that the deposition rate
20 becomes higher on the side where the high-frequency
- power is:applied, i.e., the side on which a cable is
connected, and the deposition rate becomes lower on the
opposite side that becomes physically distant from the
side where it is applied, i.e., the position at which
25 the cable is connected. The fact that there is no
correlation with the position implies a possibility

that in this frequency range not only the inductance of



illustrate a preferred exanple of a deposited filmform ng apparatus, a

pl asma processing apparatus, according to the present invention. 20

Figs. 3Ato 3C are schematic sectional views to illustrate other preferred
exanpl es of the deposited filmform ng aps atus, a plasna processing
apparatus, according to the present invention. 25 DESCRI PTI ON OF THE
PREFERRED EMBODI MENTS The present inventors nmade extensive studies in order
to solve the problemof uneven filmthickness - 12 - distribution and
filmproperties in the peripheral direction, occurring when films are
formed in the sthg seerndie CP*éﬁqﬁ%g’-:@%ﬂ—:%t#fa‘@@ quesfiontbut oy thel using

a hi gh-frequen of 20 MHz to They first nade
expe?i nents to é@%ﬁ’%tﬁrﬁ’? RetnRsn |%Ifi‘1§%t¢¥ﬁ%ﬁ‘?ﬁ%é%eﬁhq Hegendn

t hi ckness unevenness occurred d the S |on i ch, a hi gh-frequency
power was suppl$ %F"i:]ﬁ? t?@?%%#%rﬁ‘tﬁ% @a'%ﬁvf%sdrf expectedly it

nas, een ount Akl nile (4 A D560 6 AR ED SR Lo
into it. e fe?éﬂﬁiﬁé‘%ﬁ‘éé& nsséw'ﬁ?a@énfg e&%'tdeﬂés:ﬂéioq{ CHiHRsk hat
and the film.forming substrate forms a series resonance
circuit of inductance and capacitance, and the
high-frequency power increases at a position that
satisfies the resonance condition:
10 . ® = 1/(L-C)¥2,
resulting in an increase in the décomposition rate of a
material gas, as so presumed. In thé above, L is
inductance and C is capacitance.
Electrical characteristics of films deposited on
15 film forming substrates were also measured after the
film formation. As a result, it has been found that
films formed at a higher deposition rate show better
characteristics‘than films formed at a lower deposition
rate. Usually, the lower the deposition rate is, the
20 = Dbetter the film properties become. In this case,
however, the supply of a sufficient high-frequency
energy to material gases is presumed to contribute an
improvement in film properties.
The above experiments have led to a view on a
25 possibility that a well uniform film thickness in the
~ peripheral direction can be achieved without rotating

the film forming substrate so long as the power can be



t he i nductance conponent of the second el ectrode (the 15 cathode) to

whi ch the power is applied beconmes unnegligi bl e when the high-frequency
power of from20 MHz to 450 MHz is used, which is within what is called the
VHF range. If, however, only the inductanqgq i-s questioned, it should follow
that the deposition rate 20 beconmes hi gher on the side where the

hi gh-frequency power is applied, i.e., the side on which a cable is .
connected, and the deposition rate becones | ower on the opposite side that
beconmes physically distant fromthe side where it is applied, i.e., the
position at whissippbied umifarmle i thenperipheralhdirestiomtof e is no
correlation with the position inplies a possibility that in this frequency
range not only se¢gondrkectredeivhen films ang fommad) alt acthdgle cones into
guestion but al so the capacitance between the first el ectrode and the
second el ect r odErQIRANCY RIYT T | TFem 3@ AHE t9 A3G,dMEZ.c AR &P drigd of
from20 MHz to 450 MHz, fhe filmb5 formn pace itself ingcluding the
deposi tion charfB@1LRy ?%ﬁ?‘?‘??ﬁ‘f"cﬁ rﬁjr?d“sstﬁ?s‘?ra;tsé) T%fr AMBFVRd &eq ance
circuit of_inductan and capacitance,, and the hi gh-frequency power

i ncreases &t a ‘?)o%‘i‘ffjo#?'h%t WY F9 L] ﬁeuprpglgloenda'nce condi ti on:

On the basis of the above findings, in the present
invention, a high frequency power of from 20 MHz to 450
MHz is applied to plural points on the second eléctrode
in its peripheral direction to satisfy the LC series
10 resonance condition at plural sites inside the
deposition chamber so that the high-frequency power can
be sufficiently supplied overall in the peripheral
direction.
In applying the high-frequency power to the plural
15 points, a single high-frequency power source may
preferably be used, where the powér is divided into
plurality after it has passed through a matching
circuit, and is then applied to the piural points of
the second electrode. If plural high-frequency power
20 sources are used to apply the high-frequency power to
the second electrode through respective matching
circuits( the mutual high-frequency power sources may
interfere with one another to make the operation of
matching circuits unstable, and also the power may come
25 . backward to one high-frequency power source from other
high-frequency power source to cause a faulty

operation. Such difficulties do not occur at all when



-10 [err] = 1/(L.Qerr], resulting in an increase

I n the deconposition rate of a material gas, as so presuned. In the above,
L is inductance and Cis capacitance. Electrical characteristics of filns
deposited on 15 filmform ng substratetswere al so neasured after the

filmformation. As a result, it has been found that filns forned at a

hi gher deposition rate show better characteristics than filnms fornmed at a
| ower deposition rate. Usually, the |lower the deposition rate is, the 20
better the filmproperties becone. |In this case, however, the supply of a
suf fici ent hi g siagdenbjigbnérgguenciraPerpEl sguses is ppeduffeddiyide
contribute an inprovenent in filmproperties. The above experinents have
led to a view &heapPoyer iBGQsPBPFPR}t hat a well uniformfilmthickness in

Lhe Per BNl Ol oGk BlohahE, BV € UhhiBhel Bhufts! Be Sk { 0" s
perPRera 7 SaLRR Sk i5cRBCeloBLAC k! RUEQHIRG EALER.! RrbR IS, 1
ggggf; teds' | 163l e?nign2 2 rblbAF pBRER S6uce, n8!bibEaARE BEVEheCAN De
wiring extending from the mafching.circuit up to the
second electrode may preferably be as short as
possible. If the wiring is too long, it may become
. impossible to well effect matching.

10 ‘The present invention will be described below in
gréater detail with reference to the accompanying
drawings. - |

Fig. 2 diagrammatically illustrates a preferred
-embodiment of the plasma processing apparatus of the
15 - present invéntion, which is suitable for the
preparation of deposited films on cylindrical
substrates as used in electrophotographic
photosensitive members. In Fig. 2, reference numeral
101 denotes a deposition chamber having a film forming

20 space in which a deposited film is formed, which is
connected with an exhaust apparatus (not shown) via
main valve 104 through an exhaust tube 105. Reference
numeral 109 denotes a material gas inlet for feeding
material gases into'the deposition chamber, through

25 which material gases are fed into the deposition
chamber from a gas feed apparatus (not shown) via.a

material gas feed valve 110. Reference numeral 102



On the basis of the above findings, in the present invention, a high
frequency power of from20 MHz to 450 WHz is applied to plural points on
the second electrode in its peripheral direction to satisfy the LC series
10 resonance condition at plural sites 1g1si de the deposition chanber so
that the high-frequency power can be sufficiently supplied overall in the
peri pheral direction. In applying the high-frequency power to the plural 15
points, a single high-frequency power source may preferably be used, where
the power is divided into plurality after it has passed through a natching
circuit, and i <denetespblfEkn tforming|suhstyatetelestninaldar srehngctad ode.

I f plural high-frequency power 20 sources are used to apply the

hi gh- f requency YRV 3 the vrkaih Sulstatal sanwes glase e dihe Liratehi ng

circuits, the t ual hjgh-frequenc ower sources may interfere with one
anot her to rrakgéj]ﬁfghfﬁfg'atiw o‘?eilr%t ] %i%‘i@ﬁ%&%l% af}rﬁ??l o) thﬁ
power may cone ckward to ane high-frequen o] rce from other
hi gh- f r equency o%jfdés)%uwié% T ¥ hala ﬁ?eﬁé'??(ﬁ\%‘\ed’ % & %% ul ti es

do not ocqr atuﬁlérvmﬁf‘ lower je%d__s e iﬁ@vfe&“iqp'éﬂeem%é).omr source is

used to divide
' Reference numeral 103 denotes a heating element for

heating the film forming substrate 102 to a giveﬁ
temperature. The film forming substrate 102 may be
optionally rotated by a rotating mechanism (not shown)

10 so that the fiim thickness in the pe;ipheral direction
can be made more uniform. Reference numeral 112
denotes a high-frequency power source that generates a
high-frequency power of from 20 MHz to 450 MHz, which
is connected by cables in such a way of wiring that the

15 high-frequency output is applied:through a matching
circuit 111 to the second electrode 106 at its plural
-points. In the embodiment shown in Fig. 2, cables
113-1 and 113-2 are respectively connected to the
second electrode 106 at two points symmetrically

20 ~located at an angle of 180° around thé second electrode
106. As shown in the drawing, the second electrode 106
may of course serve also aé the inner wall of the
deposition chamber 101.

Figs. 3A to 3C are schematic cross sections as

25 viewed from the top, of.other embodiments of the plasma

processing apparatus for carrying out the formation of

deposited films by the method of the present invention.



the power into plurality. In supplying power to the plural points of the
second el ectrode through a matching circuit froma 5 singl e

‘hi gh-frequency power source, the distance of the wiring extending fromthe
matching circuit up to the second el ect¥olie v+may preferably be as short as
possible. If the wiring is too long, it nay becone inpossible to well

ef fect matching. 10 The present invention will be described bel ow
in greater detail with reference to the acconpanying drawi ngs. Fig. 2
diagrammatically illustrates a preferred enbodi nent of the plasm

processi ng appBEide udAofheye an embpdiment inyehirbBnthenpewersisuitable for
the preparation of deposited filns_on_cylindrical substrates as,used in

eIectrophotograﬁﬁiéeﬁhﬁ?o§5ﬁs§?F9%dn%ﬁﬁéFE?d?naFi§W°2?°?EF§r€ﬁcénnuneral

101 d t Lt hanb hay] filmf ] 20 i n which

2 deposi ted 11 FHBr a2t or RECoPGHRCHY, ErL8, At HHb dotS.Ai8: "appar at s
t sh ' | h 0]

huner al 100 deauPBLied kkEondt LabPUENaRS, EXARNCE1 8020t o BOERERSD | |

the depossti oniGRARRAr at! bhOMAG1E s 18‘6““:::5?.‘;&@6%::&@36?_ gpe gd into the
position chanber froma gas teed apparafus (not shown) Vvia a material gas
feed val ve 110yiBQREar ep6R BHAEPSLitddn of the matching circuit.
Needless to say, the same effect can be obtained also
when the power is supplied at one point on the side of
the matching circuit and at one point on the side
10 opposite thereto or supplied at two points arbitrarily
located so as to bé at an angle of 180° to each other
around the second electrode. The two points at which
the power is supplied need not necessarily be at an
angle of 180° to each other, and the present invention
15 can be effective also when they are at an angle smaller
than that. An angle which is close to 180° as far as
possible is preferred to obtain the effect of the
present invention under conditions of a wider range.
Fig. 3B shows an embodiment in which the power is
20 supplied at four points by the use of cables 213-1,
213-2, 213-3 and 213-4. In this embodiment also, the
mutual location of power supply points may preferably
be at accurately 90°, but need ﬁot necessarily be so.
The present invention can be effective so long as the
25 pdints are located substantially in four equal parts.
Their positional relation to the matching circuit may

also be arbitrary.



- 16 - denotes-a filmformng substrate electrically connected to an earth,
whi ch substrate serves also as the first electrode. The filmform ng
substrate 102 is also provided with auxiliary substrates 107 and 108 at its
5 upper and | ower ends as viewed in £he8drawi ng. Reference nuneral 103
denotes a heating elenent for heating the filmformng substrate 102 to a
given tenperature. The filmform ng substrate 102 nay be optionally rotated
by a rotating nechani sm (not shown) 10 so that the filmthickness in the

peri pheral direction can_be pade nore uniform Reference numeral 112
denotes a hi gh-fr eqiéfcy 3pofbPWSoaPcemPRILMEBELEt WRiGhhERR- PPUEeASY pover

o o 2o, " e T8ahRE, kel SarBacLRY, RaCBlL Soph oy g v of
crbodi ment shoRASTA ARG 235-gabl 46 19 +inaeiatidhire PheRRL i vely
e 0 HEGRIRGR, ShECaeREndoace ik CaBt Iy TELECERRREC,
oy o PR SAERERRALE BT R0 e niQU e RER S, 2RO L
Cross SeCtionSuﬂiform_as possible. This is due to the fact that a
shorter wire readily conducts the high-frequency power
and hence the film formation rates may differ. The
‘length of wiring may also preferably be as short as
10 pbssible taking account of the readiness for matching.
In the embodiments shown in Figs. 3A to 3C, the power
is supplied at two to four points. Needless to say,
the present invention can be effective also when it is
supplied at more than four points. |
15 With regard to the shaft-directional location for
supplying the high-frequency power to the second
electrode, the power is usually supplied at
substantially the middle of the second electrode, and
may optionally be supplied at any position in the shaft
20 direction, where the present invention can be similarly
effectiﬁe. The present invention can also be well
effective also when the respective points at which the
high-frequency power is supplied are set a little aside
in the shaft direction.
25 As materials used in the cables (wiring
conductors) éxtending from the matching circuit to the

second electrode, any materials may be used so long as



25 viewed fromthe top, of other enbodi nents of the plasma processing
apparatus for carrying out the formation of deposited filns by the nethod
of the present invention. - 17 - Fig. 3A shows an enbodi nent in which
the power is applied to the second el ect4+qde at two points as in Fig. 2. As
shown in this drawing, the power is supplied through cables 213-1 and 213-2
at two points 5 | ocated at an angle of 180[err], naking turns by 90[err]
as viewed fromthe position of the matching circuit. Needless to say, the
sanme effect can be obtained al so when the power is supplied at one point on
the side of thetheydmve 2ibkightcepduckivity poiMateriake used may
opposite thereto or supflied at two points arbitrarily |located so as-to be
at an angl e of BR®ferably PeEhrse MAviRG mERHEl ReFrpRI kY Frr the two
points at which the power is supplied need not necessarily, be.at an angle
of 180[err] to %‘é?&‘?P%?tf#r,maa’f?d’é)h?‘%r’é@fﬁt?%rﬂ o'f?‘%ﬁ”igl%ri“fﬁéﬁeﬁfective
al so when they are_at.an_angle |l er, than that. An angle ich is close
to 180[err] as ?%rs'&%lgo%%i%?%sﬁg?fr ef%llt’ﬁ%'d st’cf’%%t%ﬂ%tﬁée &4 BIT t he
present inyenti %gk?%r ondit ] | r o Bl 3B shows an
enbodi rren{gli n vﬂ%g% eof)oé\;\g‘jféés @%%%p |sedﬁ{£q?icﬁﬁgfp%el%lfesn% t he use
of cables 213-lyoyer by virtue of the skin effect, the cables may
preferably be in such shapes that the surface area is
as large as possible. Usually the wiring conductors
may be in the shape of flat plates (rectangular in
10 cross section). Such materials may specifically
“include copper, aluminum, gold, silver, platinum, lead,
nickel, cobalt, iron, chromium, molybdenum and
titanium, or alloys containhing as a main component a
metal or metals selected from these (e.g., stainless
15 steel), and also composite materials of two or more
materials among these.
As the high-frequency power source used, any power
sources may be used so long as they generate a power of
an oscillation frequency of from 20 MHz to 450 MHz, and
20 more preferably from 20 MHz to 200 MHz. As for its
output, power sources with any output may be used so
long es they can generate an electric power suited for
the apparatus, ranging from 10 W to 5,000 Ww.
The present invention can also be effective
25 whatever coefficient of output variation the

high-frequency power source has.

The matching circuit used may include those having



213-2, 213-3 and 213-4. In this enbodi nent also, the nutual |ocation of
power supply points may preferably be at accurately 90[err], but need not -
necessarily be so. The present invention can be effective so long as the 25
points are | ocated substantially in four gqual parts. Their positional
relation to the matching circuit may al so be arbitrary. - 18 - Fig. 3C
shows an enbodi nent in which the power is supplied at three points by the
use of cables 213-1, 213-2 and 213-3. In the illustration in these

drawi ngs, the |l engths of the respective wiring cables 5 are different,
but their |engPRy S@PSIHIULAIN,y WhHdChs cani ber prafepabiybueedTFPs 1paddue to
the fact that a shorter wire readily conducts the high-frequenc ower and
hence the fil mPSothey; Ry SffeShayoads metching F@n&f‘% B#gﬁ-#ﬁgx‘ Yal so

preferably be as short as 10 ossi hl e t aki account of the readi ness
f or mat chi ng. PPWFﬁéQQMEEﬁ’neﬁFsggﬁ siﬁ°Fi§§g 3R Fgggg, the power is

SUPD) o 2 e MR 8RB, 1 BrREBLL T 07 o0

be effective en i our —poi nts

Wih regagd {0 oae:s il il trbifiesbfit?bbRRatbns  RALYHE t Ne
I gh-frequency power to the secon
manufacture. Manually adjustable matching may also be
effective in the present invention without any
difficulties. With regard to the position where the
matching circuit.is disposed, it may be provided
10 anywhere without any problems so long as the matching
can be effected. The matching circuit may preferably
be so disposed that the inductance of the wiring
extending from the circuit to the second electrode is
made as small as possible. This is preferable because
15 the matching becomes feasible under broader loading
conditions. -
- ‘Materials for the second electrode may include
" copper, aluminum, gold, silver, platinum, lead, nickel,
cobalt, iron, chromium, molybdenum and titanium, or
20 alloys containing as a main component a metal or mefals
selected from these (e.g., stainless steel), and also
composite materials of two or more materials among
these, any of which can be preferably used. The second
electrode may preferably have a cylindrical shape, and
25 also may have an oval shape or a polygonal shape in
section as occasion calls. The second electrode may bé

optionally further provided with a cooling means. As a



el ectrode, the power is usually supplied at substantially the mddle of the
second el ectrode, and nay optionally be supplied at any position in the
shaft 20 direction, where the present invention can be simlarly
effective. The present invention can al so2pe-well effective al so when the
respective points at which the high-frequency power is supplied are set a

little aside in the shaft direction. 25 As materials used in the
cables (wiring conductors) extending fromthe matching circuit to the
second el ectrode, any materials nay be used so |ong as - 19 - they have

a hi gh conduct specifivhcepilihg meesdspagoplingr byl yabert hade, hasgngda snal |
perneability for the purpose of making the inductance of the wiring itself
as small as po§§FEP§§nAIEé}téﬁﬁcélgﬁﬁytﬁheroﬁhérﬁégﬁ may bgyusgdeass a
conduct or conducts the high-frequency power by virtue of the skin effect,
the cabl es may©9FF8FEPRLLRFLLE-i n such shapes that the surface area is as

RN R TRV R AN TR TR
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any material and have any shape according to purpose.
For example, in regard to the shape, it may preferably
have a cylindrical shape when used in
electrophotogréphic photosensitive members. If
10 necessary, it may have the shape of a flat sheet or
other shape. As for the material, it is possible to
use copper, aluminum, gold, silver, platinum, lead,
nickel, cobalt, iron, chromium, molybdenum and
titanium, or alloys containing as a main component a
15 metal or metals selected from these (e.g., stainless
steel), and also composite materials of two or more
materials among these, as well as insulating materials
such as polyester, polyethylene, polycarbonate,
cellulose acetate, polypropylene, polyvinyl chloride,
20 polyvinylidene chloride, polystyrene, glass, ceramics
and paper covefed with conductive materials such as
aluminum.
The deposited film forming method.of the present
invention is carried out, for example, in the following
25 way. |
First, to the film forming substrate 102 (serving

also as the first electrode) mirror-finished on its



titanium or alloys containing as a nmain conponent a netal or netals
selected fromthese (e.g., stainless 15 steel), and al so conposite
materials of two or nore materials anong these. As the high-frequency power
source used, any power sources may be usedzo-1ong as they generate a power
of an oscillation frequency of from20 Miz to 450 MHz, and 20 nore
preferably from20 Mz to 200 MHz. As for its output, power sources with
any output may be used so long as they can generate an el ectric power
suited for the apparatus, ranging from10 Wto 5,000 W The present

i nvention can afYbfacechycneans 05, e.ghat@viatheefthe|awxibiaxwt put

variation the high-frequency power source has. The matching circuit used
may i ncl ude t hoSBPRELREQs 107 amd 1Qfaxentitted aand vkhe (sukstiate is

preferably used so long as they can effect |oad matching to the _

hi gh- f r equency %%ﬁe?PsgﬁrE%ﬁ Qéb?EErﬁREFf¥ﬁst¢¥4¥ﬁﬁE*ﬁ_ ,W%A&gratlcally
adjustable matching is.preferable . in 5 order. to avoid, troubl esone

oper at i ons duri%‘br’?ﬁ%qgc FCRERAI$PRRR st Ije’1 fﬂ%iﬂ?@%ﬁﬁ-%ﬂso be
effective gn tk@hémﬁﬁgnioinvention wi thout any difficulties. Wth regard to
the position whére the ’

Next, the material gas feed valve 110 is kept
closed and the main valve 104 is opened to once
evacuate the inside of the deposition chamber through
the exhaust tube 105. Then, the material gas feed

10 Valve 110 is opened to feed an inert gas for heating as
exemplified by argon from the material gas inlet 109
into the deposition chamber, and the flow rate of the
heating gas is adjusted so as to provide a desired
.pressure in the deposition chamber.  Thereafter, a

15 temperature controller (not shown) is operated to heat
the film forming substrate 102 with the heating element
103. At the time the film forming substrate 102 has
beeh heated to have a desired temperature, the material
gas feed valve 110 is closed to stop the inert gas from

20 flowing into the deposition chamber.

To form the deposited film, the material gas feed
valve 110 is closed, and given starting material gases,
e.g., at least one material gas selected from silane
gas, disilane gas, methane gas and ethane gas and

25 optionally a doping gas such as diborane gas or-
phosphine gas and a dilute gas such as hydrogen, helium

or argon are fed into the deposition chamber 101, where



matching circui't is disposed, it may be provided 10 anywhere w t hout “any
problems so long as the matching can be effected. The matching circuit may
preferably be so disposed that the inductance of the wiring extending from
the circuit to the second electrode is nadgzas small as possible. This is
pref erabl e because 15 the matching becones feasibl e under broader
| oadi ng conditions. Materials for the second el ectrode may include copper,
alum num gold, silver, platinum Iead, nickel, cobalt, iron, chrom um
nmol ybdenum and titanium or 20 ~ alloys containing as a main conponent a
metal or netal sthe| exhaustroedontte {2 2djusted nbesas sferl the guessene
conposite materjials of two or more materials anmong these, any of which can
be preferably uk@dPe TRRiRERERRA 2t CteRS OfE]oRF cterhundreds of mTo¥Rdri cal
shape, and 25 __also may have an oval shape or a pol ygonal shape in
section as occaiFHRF cHIF PTIFRUER RAR) RACRRS oREARAS. KEN®pt i onal |y furt her
provided with olLng means. As a - 21*- speci fjc cooling means,
cool i ng by wat 2}#&& #I,'g(ﬁ'%fb?%l_%?"(‘?’f)g%‘?l‘fr‘?%l *%rffﬁl%"fk?ﬁ%e%rm_f 4 ke may be
used as ocgasi QoG!S dErddddiles’ £554 U S LS URY MES L4 IS AYS @
to cause glow discharge to take place. At this stage,
the matching circuit 111 is adjusted so that reflected
waves become minimum. The values obtained by
subtracting reflected high-frequency power from
10 incident high-frequency power are adjusted to a desired
value. At the time a film has been formed in a desired
thickness, the glow discharge is stopped, and the
material gas feed valve 110 is closed to stop the
material gases from flowing into the deposition chamber
15 - 101, where the inside of the deposition chamber is once
brought to a high vacuum and thereafter the film
formation is completed. In the case when deposited
film having various functions are formed in layers, the
procedure as described above is repeated.
20 : The present invention will be described below in
greater detail by giving Examples.
"Example 1
In the deposited film forming apparatus (a plasma
processing apparatus) as shown in Fig. 2, a
25 high-frequency power source of oscillation frequency

105 MHz was provided, and an a-Si film was formed on

the cylindrical substrate made of aluminum, to produce



~

5 role as the filmform ng substrate, and may be made of any materi al
and have any shape according to purpose. For exanple, in regard to the
shape, it may preferably have a cylindrical shape when used in
el ect rophot ogr aphi ¢ phot osensitive menber 241§ 10 necessary, it may have
the shape of a flat sheet or other shape. As for the material, it is
possible to use copper, alumnum gold, silver, platinum I|ead, nickel,
cobalt, "iron, chrom um nolybdenum and titanium or alloys containing as a
mai n conponent a 15 metal or nmetals selected fromthese (e.g., stainless
steel ), and al s3”c®hPpEEreRhAEREFaRhiC FhotRsensikie mermben) s BivbRg t hese,
as well as insulatiag ng{erials such as poLgester, ol yet hyl ene,

o

pol ycar bonat e, et _ Gt 00| 1D rafat e, cpbied i the m@fiweZg
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as the first el fejdQfon Bf '&rdidds Eth®erd Ssubstr&te, a
| | photoconductive layer having the function to produce
photocarriers upon irradiation by light and also
transport the photocarriers and a surface protective
layer having the function to block injection of charged
10 carriers into the photoconductive layer side and also
. protect the surface of the photoconductive layer, which
'-have been formed in layers in this order on the
substrate made of aluminum. In the present Example,
the high-frequency power was supplied to the second
15 - electrode at two points located in the peripheral
- direction, and éupplied in the same way as shown in
- -Fig. 3A. As wiring conductors, copper plates of 5 cm
- wide were used, which were made equal in length to each
other. With regard to the shaft-directional location,
-20 .- the power was supplied at substantially the middle of
.the second electrode. In the present Example, the film
formation was performed in the state such that the
substrate was.set stationary, and was so managed that
the film thickness distribution in the peripheral
25 direction can bé measured. |
As for film forming conditions, films were formed

under conditions of manufacture as shown in Table 1.



surface by nmeans of, e.g., a lathe, the auxiliary substrates 107 and 108
are fitted, and the substrate is set up in the manner that its cylindrical
wal | surrounds the heating elenment 103 in the deposition 5 chanber 101.
Next, the material gas feed valve 110 is kgpt. cl o0sed and the main valve 104
I s opened to once evacuate -the inside of the deposition chanber through the
exhaust tube 105. Then, the nmaterial gas feed 10 val ve 110 is opened to
feed an inert gas for heating as exenplified by argon fromthe naterial gas
inlet 109 into the deposition chanber, and the flow rate of the heating gas
is adjusted so as tdmrhadlée 13 dde uad thisexwur(stiandard dapdsi tion chanber.
Thereafter, a 15 tenperature controller (not shown) is operated to heat
the film forn RenYiates Peromigute k Hadicatiesy theefdew Tete Accoheeri me
the filmformng substrate 102 has been heated to have a desired
tenperature, t - dn the steaderdycppditions (Q°Gsed PEMOSBHSIHE i nert

gas from 20 fl owi ng .intq.the depositiqn chanber. To for e deposited
film the mate® RS beed VIR T1 isgﬁe’Fostg’& ?’J’t‘?&’ §Ia\?€'nq1§‘§'§r PeRg

mat eri al ses, .e. at Llea terial s selected, fr si l.ane gas,

di si |l ane ggs, %%?ﬁﬁﬁ%1§b§h%h§ké %ﬁgagégdgﬁﬁg%s‘% Cgpéi%ﬁgpgghgr&gping gas

such as di bora Y phosphi ne gas and a dilute gas such as hydrogen,
hel i um or argoﬁ&%re eJ]into t he deposition chanber 101, where

Comparative Example 1

In the conventional deposited film forming
apparatus as shown in Fig. 1, a high-freqﬁency power
10 source of oscillation frequency 105 MHz was provided,
and an a-Si film was formed on the cylindrical
..substrate made of aluminum, to produce an
electrophotographic photosensitive member. In the
present Comparative Example, the film formation was
15 performed in the state the substraté was set
stationary, and was so managed that the film thickness
distribution in the peripheral direction can be
measured. In the present Comparative Example, the
high-frequency power was supplied to the second
20 electrode at one point as conventionally done, and
supplied at the middle in the shaft direction. As a
wiring conductor, a copper plate of 5 cm wide similar
to those in Example 1 was used.
As for film forming conditions, films were formed
25 in the same manner as in Example 1, under conditions of
manufacture as shown in Table 1.

In regard to the electrophotographic -



23 - the exhaust velocity is adjusted so as for the pressure to be

mai ntai ned at tens of Torr to hundreds of niforr. After the pressure has
becone stable, the high-frequency power source 112 is switched on and a 5
power of a frequency from20 MHz to 450_Mgg Ls supplied to cause gl ow

di scharge to take place. At this stage, the matching circuit 111 is

adj usted so that reflected waves becone m ni num The val ues obt ai ned by
subtracting refl ected high-frequency power from 10 i nci dent

hi gh-frequency power are adjusted to a desired value. At the tinme a film
has been for nejphotosetedittiasd: wemberss prodoeced dn dGixampdegd andst opped, and
the material gas feed valve 110 is closed to stop the material gases from
fl owi ng into tlfompanadiitvieo Exampliecl, 1 &valuddion\wase made imsithe of t he
deposition chanber is once brought to a high vacuum and thereafter the film
formation i s cdQHleWEdng Ment-he case when deposited film having various
functions are forned in | ayers, the procedure as descri bed above is
repeated. 20 (1) Evajpationsofi fidmethickngss ddstadbutie®d bel ow in

greater dgall by g MR SRk E2enSi VTR mbubls!, "1 450 UR1 il " M N9
measured at 16 points in the peripheral direction,
using an eddy-current instrument for measuring
thickness (manufactured by Kett Kagaku Kenkyusho). The
film thickness distribution ratio was calculated by
10 dividing the difference between a maximum film
thickness and a minimum film thickness by an average
film thickness. Then, evaluation was made on the basis
. of a relative value obtained by assuming as 1 the film
thickness dist:ibution ratio of the photosensitive
15 member of Comparative Example 1. Namely, the smaller
the value the less the unevenness of the film
thickness.
(ii) Electrophotographic characteristics:
- The photosensitive members were each set in an
20 electrophotogfaphic apparatus (NP6060, manufactured by
Canon Inc., having been modified for test purpose) to
make evaluation of initial chargeability and.residual
potential in the following way.
-~ Chargeability - |
25 The electroﬁhotographic photosensitive member is
set in the test apparatus, and a high voltage of +6kV

is applied to its corona assembly to effect corona .



processi ng apparatus) as shown in Fig. 2, a 25 hi gh-frequency power
source of oscillation frequency 105 MHz was provided, and an a-Si filmwas
formed on the cylindrical substrate made of al um num to produce - 24 -
an_ el ect rophot ogr aphi ¢ photosensitive nmentgr - This photosensitive nmenber is
what is called the block type el ectrophotographi c photosensitive nmenber,
conprised of a | ower blocking |ayer having the function to block 5
injection of carriers fromthe substrate, a photoconductive |ayer having
the function to produce photocarriers upon irradiation by |ight and al so

transport the harsdag-i eMheidark portion suntags wotentdalhgfi the he

function to block injection of charged 10  carriers into the

phot oconduct i V@H%P%%Q&'ﬁd’h&lcs@%ﬁw&s%wes 4 megsured

phot oconductive |.ayer, which have been fqorned in layers in thi,s arder on

Phe substrate. HEHBEE AUhfASSPOtEAIES T en: ThE, Yhiues, ARYHITRY Piyuency

power was suppl,ed to the second 15 l,ecty ode RRYY o] Lnts,located in
S Bl enlRY as, Pozpatitad B A vadinel SRy}

t he peri pheral ane wa wn<inFig. 3A
As Wi ringgond I enaca RethoVe THEMa¥ale el tigktm% e made
equal in Isgngt#c"to eaélh ot gr. °_ toreegardeto t%he s?ha#‘ti- |rect|or?a :

locat i on, Evaluation is made on both the large film thickness

portion and the small film thickness portion in the
peripheral direction.
- Residual potential -

10 _ The electrophotographic photosensitive member is
charged to have a given dark portion surface potential,
and immediately thereafter irradiated with relatively
intense light in a given amount of light. A xenon lamp
is used as a light source, and the surface of the

15 member is irradiated with light from which light of a
wavelength range of 550 nm or less has been femoved
using a filter. At this time the light portion surface
potential of the electrophotographic photosensitive
member is measured using a surface potentiometer.

20 Tﬁese perfqrmances were evaluated according to the
following.

AA: Very good.
A: Good.
B: No problems in practical use.
25 C: Problematic in practical use in some instances.
Results of the evaluation are shown together in

Table 2. As is seen therefrom, the photosensitive



20 t he power was supplied at substantially the m ddle of the second

el ectrode. In the present Exanple, the filmformation was perfornmed in the
state such that the substrate was set stationary, and was so managed t hat
the filmthickness distribution in the pgr@phgral 25 direction can be
nmeasured. As for filmform ng conditions, %I|ﬂ5 were formed under
conditions of manufacture as shown in Table 1. - 25 - In Table 1, the
unit sccm (standard cubic centineter per mnute) indicates the flowrate
(cc) per mnute in the standard condition (O[err]C, 1 atnospheric
pressure). [1 sgéfber lpooddbed hesingvthiatcofvéntisiab apparatiie showde
standard condition (O[err]C, 1 atnospheric pressure)] Conparative Exanple 1
I n the conventigoad depogingdchatacteristicspptrpoxsicns shbbim anldrge 1, a
hi gh-frequency power 10 source of oscillation frequency 105 MHz was
provi ded, and afiidmSthicknesmsihothedpernipheral| dite¢tionsupist r¥@%Y made of
al umi num to produce an el ectrophot ographi c photosensitive nmenber. In the
present Conpar apoor chanecteristices|atfomakltbhlckress poryionsr nelPin the

state the substrate was set ,
' 5 the other hand, the photosensitive member according to

the present invention has achieved a great decrease in
uneven film thickness in the peripheral direction and
also uniform peripheral-direction characteristics at a
good level.

10 | The results of the foregoing Example and
Comparative Example have proved that the present
invention makes it possible to form'depoéited films in
a uniform film thickness in the peripheral direction
and with a good film quality. .

15 : Example 2 -

In the deposited film forming apparatus as shown
in Fig. 2, -a high-frequency power source of oscillation
frequency 200 MHz was provided, and an a-Si film was
formed on the cylindrical substrate made of aluminum,

20 to produce an élédtrophotographic photosensitive
member. In the present Example, the high-frequency
power was supplied to the second electrode at four
points, and supplied in the same way as shown in Fig.
3B. As wiring conductors, phosphor bronze plates of 5

25 cm wide were used, which were made equal in length to
each other. With regard to the shaft-directional

location, the power was supplied at substantially the



stationary, and was so nmanaged that the filmthickness distribution in the
peri pheral direction can be neasured. In the present Conparative Exanpl e,
t-he hi gh-frequency power was supplied to the second 20 el ectrode at one
poi nt as conventionally done, and supplied28t-the mddle in the shaft
direction. As a wiring conductor, a copper plate of 5 cmwde simlar to
those in Exanple 1 was used. As for filmformng conditions, filnms were
formed 25 in the sane manner as-in Exanple 1, under conditions of

manuf acture as shown in Table 1. In regard to the el ectrophotographic -
26 - phot osensi middlgepfetbeppegaprddeilactxafp-e InatheBREBELALI ve Exanpl e

1, evaluation was made in_ the follomﬁng may.aéié Evaluaéi n oé film

t hi ckness di st r EBgPPaf, the film fprmalipn,Kas,periprrpé gﬁnﬁ B, SFRfm

t hi ckness was sured at 16 points.in the peripheral difection, using an
eddy- cur r ent iggﬁﬁuﬁBHF%FS%en§8§uFﬁﬁgrPhPEYnggg fﬂﬁﬁ%?gc ¥r 8d™BYOke PP
Kagaku Kenkyusho).r ge Rilg\thickness distribution ratio was cal cul ated by
10 di vi di ng ?hg 'Ff &rence between a maximum filmthi ckness and a

m ni mum fim thicknegg By-28131C€8%Ming conditions, the film was

formed under conditions of manufacture as shown in
Table 1.
Comparative Example 2
In the conventional deposited film forming
10 apparatus as shown in Fig. 1, a high-frequency power
source of oscillation frequehcy 200 MHz was provided,
and an a-Si film was formed on the cylindrical
substrate made of aluminum, to produce an
electrophotographic photosensitive member. In the
15 present Comparative Example, the film formation was
performed in the state the substrate was set rotary.
In the present Comparative Example, the high-frequency
power was supplied to the second electrode at one point
as conventionally done. As a wiring conductor, a
20 phosphor bronze plate of 5 cm wide was used. With
regard to the shaft-directional location, the power was
supplied at substantially the middle of the second
electrode.
As for film forming condifions, the film was
25 formed in the same manner as in Example 2, under
conditions of manufacture as shown in Table 1.'

In regard to the electrophotographic



filmthi ckness. Then, evaluation was nmade on the basis of a relative val ue
obt ai ned by assumng as 1 the filmthickness distribution ratio of the
phot osensitive 15 menber of Conparative Exanple 1. Nanely, the smaller
the value the | ess the unevenness of the @il mthickness. (ii)

El ectrophot ographi c characteristics: The photosensitive nenbers were each
set in an 20 el ect rophot ogr aphi ¢ apparatus (NP6060, manufactured by
Canon Inc., having been nodified for test purpose) to make eval uati on of
initial chargeability and residual potential in the follow ng way. -

Char geabi | i ty -pltftosensitivehaeshens aueftunadfin Exammleséndnd ve nenber is
set in the test apparatus, and a high voltage of +6kV is applied to its

corona assenbl yampaggtdste dgragple Z,- the LidmgHiknenfe WO g8 on
Teasur od ust ng U STSERAGHR AT TRRLAAL COGR DY the
TS e o el i el Wl S e 95 L0
Filmthickness Qorb, AL AM dHS BN Wdd"dHIUEESF RP Hd1¥tive the
comparison, assuming that of Comparative Example 1 as
1.
Results obtained are shown in Table 3. In respect
of the unevenness in film thickness in the peripheral
10 direction, there is not so great difference between -
Example 2 and Comparative Example 2 because the
substrate is rotated when films are formed. In respect
of the electrophotographic performandes, Example 2
shows good results, but Comparative Example 2, lower
15 performances. This is presumably because in
Comparative Examplejz a film with good properties and a
film with poor properties are formed in layers and
hence an averaged performance has become lower.
The-results of these Example and Comparative
20 Example have proved that the present invention is
effective for more improving filﬁ quality also when the
film forming substrate is rotated by a rotating means.
Example 3
In the deposited film forming apparatus as shown
25 in Fig. 2, a-Si films were formed on the cylindrical
substrates made of aluminum, to produce

electrophotographic photosensitive members. The



peri pheral direction. - Residual potential - 10 The _

el ect rophot ogr aphi ¢ photosensitive nmenber is charged to have a given dark
portion surface potential, and imediately thereafter irradiated wth
relatively intense light in a given anount3df-light. A xenon lanp is used
as a light source, and the surface of the 15 menber is irradiated with
light fromwhich light of a wavel ength range of 550 nmor |ess has been
renoved using a filter. At this tinme the light portion surface potential of
t he electrophotggagggic hot osensi ti ve nenber i s neasgred using a surface

pot ent i omet er . rque?ﬁgsgoﬁﬁffUPﬁaﬁnglﬁéper8v§ ﬁa?@ﬁ°8€por?ing to25
i . : d_.A Good. B: . .practi cal ,use.
C pr obl ot e ellec¥Ebied8Rgin’ pitRTe TornBeRl 82 g@@%ﬁ@%ﬁ?ﬁﬁhm
[ ' 2. ' refro t he
ot aaensl t fve HHE'BoEOBREREH LBcIBRLENT. A8 LErIBSOCRASLSEEAD [0

shows good. char g (s AUA! BEEELSLECS Bh H2ab! fB2e"hibla? Laha ok LHLLR! ckness
in the peripheral directron, but very
5 were more or less different in length (a shorter wiring
conductor had a length of about 70% length of the
longest wiring conductor). With regard-tq the
shaft-directional location, the power was supplied at
substantially the middle of the second electrode. The
10 film formation was performed in the state the substrate
was set stationary, and was SO'manéged that the film
thickness distribution in the peripheral direction can
be measured.
In the present E#ample,'films were formed on four
15 drums (film forming substrates) in total, using a
high-frequency power source at a frequency of 20 MHz,
50 MHz, 300 MHz or 450 MHz under film forming
conditions as shown in Table 4. These photosensitive
members were each what is called the function separated
20 electrophotqgraphic photosensitive member, comprised of
a charge transport layer having the function to block
injection‘of carfiers form the substrate and also
transport photocarriers, a charge generation layer
having-the function to produce photocérriers upon
25 irradiation by light and a surface protective layer

having the function to block injection of charged

carriers into the charge generation layer side and also



poor characteristics at small-thickness portions. On 5 t he ot her hand,

t he phot osensitive nenber according to the present invention has achi eved a
great decrease in uneven filmthickness in the peripheral direction and

al so uniform peripheral-direction charact&3 stics at a good |evel. 10

The results of the foregoing Exanpl e and Conparative Exanpl e have proved
that the present invention makes it possible to formdeposited filnms in a
uniformfilmthickness in the peripheral direction and with a good film

lity. 15 le 2 th i.ted filmf
dhown 11 Frg. ZTUITY RN AR S ot s e Tt G quency 200
VHz id =S fd . . | i | pst r at
wade of ol umi notigh na%k Behn ARl Syl AL I Wb L T e

nmenber. I'n the BLSSEU+MEEY of tuni A f requency power was supplied to
the second el ectrode at four points, and supplied in the same way as shown

in Fig. 3B As Wring£AMELP 'eh dHES P tddenfe e iifsmBEr Wwad® madesm W de

were used, which were made equal in {ength to each other. Wth regard to
the shaft-glirecih ofiid daifeinidthert s PRYVExMRSLS UPD! iz atresdist,arghenl |y the

same good results as in Example 1 were obtained in all
photosensitive members. This has proved that the
preéent invention is effective in all instances where
the frequencies of high-frequency power are 20 MHz to
10 450 MHz and also that the present invéntion is
effective without any adverse effects when the wiring
conductors extending from the matching circuit to the
- second electrode are more or less different in length.
The photosensitive members obtained were each also
15  'set in a copying machine NP-6650, manufactured by Canon
K. K., to reproduce images. As a result, no uneven
halftone images were seen and uniform images were
obtained. A character original was also copied. As a
result, sharp images with a high black density were
20 " obtained. - In the copying of a photograph originél, it
was also possible to obtain sharp images faithful to
- the original.
Example 4
In the deposited film forming apparatus as shown
25 in Fig. 2, an a-Si film was formed on the cylindrical
substrate made of aluminum, to produce

electrophotographic photosensitive member. The



- 29 - mddle of the second electrode. In the present Exanple, the film
formation was perforned in the state the substrate was set rotary and
rotated by a notor as a drive neans. 5 As for filmformng
conditions, the filmwas forned under condB8i ens of manufacture as shown in
Table 1. Conparative Exanple 2 In the conventional deposited filmformng
10 apparatus as shown in Fig. 1, a high-frequency power source of
oscillation frequency 200 MHz was provided, and -an a-Si filmwas formed on

. : of
2P§CE¥LLESIB§?;B§§5 %ﬁ%%ﬁsg%gfppvg%ngﬁkgﬁ"bpﬁgﬁﬁe% %Ee EF&?Qgt Conpar ati ve
, the fi t jthe substrate was
Eé?nfgfar;.elnlk eE%%ggéthCOnpagséﬁgénzgch%Fg 8 SégﬁlghlPFgaV8%§y180wer
was supplied to hgegggggﬂgsgieaakggg 8h. ongspgagﬁngecoﬁaﬁgggkgnalIy done.

As a wiring con uct osp bronze pla cm w de was used.
Wth regard to EﬂﬁmihﬁﬁtpibEEthQnﬁlchoﬁﬁhéoﬁeréhﬁsga“eﬁh¥@P %P@lhﬁﬂeat

substantially the mddle of the second electrode. As for orm ng
condi tionss theefubl WAS1éhgth t6r BBEhi BthBe.SaWR theprBghrastbNthéappl e 2,

under conditions of manufacture as shown in Table 1
location for power supply, the wiring conductors were
connected to the second elecfrode at substantially the
middle but at positions deviated by 10 or so cﬁ from
each other in the shaft direction thereof. The film

10 formation was performed in the state the substrate was
set stationary, and was so managed that the film
thickness distribﬁtion in the peripheral direction can
be measured. .

In the present Example, the film was formed using

15 a high-frequency power source at a frequency of 150 MHz
under film forming conditions as shown in Table 4.

| Evaluation on the photosensitive member was made
in the same manner as in Example 1. As a result, the
same good results as in Example 1 were obtained.

20 The photosensitive member obtained was also set in
a copying machine NP-6650, manufactured by Canon K. K.,
to reprodﬁce images. As a result, no uneven halftone
images were seen and uniform images were obtained. A
character original was also copied. As a result, sharp

25 images with a high black density were obtained. In the
copying of a photograph original, it was also possible

to obtain sharp images faithful to the original.



In regard to the el ectrophotographic - 30 - photosensitive nenbers
produced in Exanple 2 and Conparative Exanple 2, the filmthickness

uni formty, charging performance and residual potential were evaluated in
the sane manner as in Exanple 1. The film 84 -thickness distribution was
eval uated by rel ative conparison, assum ng that of Conparative Exanple 1 as
1. Results obtained are shown in Table 3. In respect of the unevenness in
filmthickness in the peripheral 10 - direction, there is not so great

di fference between Exanple 2 and Conparative Exanple 2 because the
substrate i5 rotated TRFesUlEs % Exanple 4 havwemxqves that the

eIectrophotographic‘gsrfprnances, Exg&gle 2 shows good results, but |
Conpar ati ve ExarRNESENt |iRpgntkon ig,qqk) pifeativenglsq shandhans s

because in Conparative Example.2 a filmw t.h good properties and a film
with poor properi?es i‘"?vél%blr%&’?wqeﬁ/e a?rﬂf%@r%gs T HRRISE I Y mance
has becone | ower,. e i .8

Exanpl e have pr or\llle%b T%%%t{e&p eosv;eén}teslfon\l?e}%?%erf: oﬁ{sgjeqf)é@e%%ro\?iee ot 2‘f(irio‘:"r e

i nproving fd 1 m qyal ¢ Vg Blexipen the filmformng substrate is rotated by a
rotating neans. : _

Table 1
Depositioﬂ
chamber Layer
Feed Feed Power internal thick-
10 gases rate supply| pressure ness
Lower blocking
layer
SiH, 300 sccm
H, 500 sccm (400 W | 0.2 Torr 1 pm
NO 8 sccm '
B,H, 2,000 ppm
(concentration)
15 Photoconduc-
tive layer
SiH, - 500 sccm 600 W |0.5 Torr 20 pm
H, 500 sccm
Surface pro-
tective layer _
SiH, 50 sccm [100 W |0.4 Torr 1 pm
CH, 500 sccm

20

25



Exanple 3 In the deposited filmform ng apparatus as shown 25 in Fig. 2,
a-Si filnms were forned on the cylindrical substrates made of aluminum to
produce el ectrophot ographi c photosensitive nmenbers. The - 31 -

hi gh-frequency power was supplied to the-s@snd el ectrode at six points

| ocated at equal intervals in the peripheral direction. As wiri.ng
conductors, alum numplates of 3 cmw de were used, sone of which 5 wer e
nore or less different in length (a shorter wiring conductor had a |l ength
of about 70% 1l ength of the | ongest wiring conductor). Wth regard to the
shaft-directional |ocation, the power v@%ﬁh&ﬁnﬁl ed at substantially the
m ddl e of the sgtond erectrode. The 10 ftmformatTom was p6l|Ulneu n
the state the sybstrate was set stationary, and was sQ mana
filmthickness distribution in the peripheral dirEé‘é‘E“iP&ﬁ ddn Eé%&@urled. I'n
t he present Exan L] wer e rLITe n _rour drung (TL.TmTorm nd
subs?rates) in tgkam ﬁﬂﬁ&%& %$§ﬁﬁé§ pcwep &ur ce é &- requency of
20 MHz, 50 MHz, (34| 4%%&5 11430 Nz under f|In1forn1ng congitions as shojyn
in Tabl e 4. Thedq '“YYSckness portion| aa AR

Chargeability at

minimum film thickness portion| AA ~C
Residual potential A A
Table 3
10
Comparative
Example 2 Example 2
Film thickness distribution 0.47 0.48
Chargeability at
maximum film thickness portion AA B
15 Chargeability at
minimum film thickness portion AA B
Residual potential A A
20

25



menbers were each what is called the function separated 20

el ect rophot ogr aphi ¢ phot osensi tive nenber,
having the function to block injection of carriers formthe substrate
ferrerati on | ayer

|-ayer

and al so transport photocarriers,

a charge

function to produce photocarriers upon 25

surface protective |ayer
carriers into the charge generation | ayer side and al so -

havi

32

conprised of a charge transport

ng the

irradiation by light and a
havi ng the function to bl ock injection of charged

- protect

the surface of the charge generation Iayﬁéb%mh'ch'have been fornmed in

| ayers in this order on the substrate _
in the same manner

phot osensitive nenber was made 5

a result,

phot osensi tive ngnbers.
effective in al

are 20 MHz to 10
effective w thou

fromthe
di fferent

the sa

10

)¢

ma

| um num Eval uati on on each
as in Exanple 1.

good results ps in Exanple|l were(ggﬁgéggk%& al
Thi s has} proved that fhe prep BRAEN "Léfér
I nst ancggegher el tFgad I equenc| st h%@f@yen YERRYIEL
450 9gge nd Rl hat the f | ' S
any adver Q% of pfgéf)'ié\/\lhpn fhnél\lj;\ﬁ:i@iﬂd r‘%ﬁé&%c pyr'rlepsnsdi
chi nfcargali tramst he| second el ectyode arp nore or |efs
ih | enpgpdrt Theygahot osepsi tive nenbefs obtaj ned were each al so
SiH, 100 sccm
H, 300 sccm 500 w 0.3 Torr 15 pm
CH, 200 sccm
B,H, 10 ppm
(concentration)
Charge genera-
tion layer
SiH, 300 sccm 400 W | 0.5 Torr 2 pm
H, 500 sccm
Surface protec-
tive layer
SiH, 20 sccm 150 W | 0.4 Torr 0.5 pm
CH, 500 sccm

15

20

25

As described above, the present invention can

provide a plasma processing method and a plasma

processing apparatus that enable uniform and high-speed

‘plasma processing on substrates with a large area even

when plasma processing that utilizes a high-frequency

power of 20 MHz to 450 MHz is carried out.

According to the present invention, the plasma

processing can be carried out at a cost little

different from that in conventional apparatuses.

Otherwise, uniform and high-speed plasma processing can

be carried out without rotating the substrate, making

it unnecessary to provide the substrate rotating




15 set in a copying machi ne NP-6650, manufactured by Canon K. K, to
reproduce inmages. As a result, no uneven hal ftone i mages were seen and

uni form i nages were obtai ned. A character original was al so copied. As a
result, sharp images with a high black den37ty were 20 obtained. 1In the

copying of a photograph original, it was al so possibl.e to obtain sharp
I mges faithful to the original. Exanple 4 In the deposited filmformng
apparatus as shown 25 in Fig. 2, -an a-Si filmwas forned on the -

crtindrcal ouo8iEgkFoREcSh ShT BATLhSpRSSNGD Sheskeenbanosronhi

phot osensitive eque was supplied to

t he second el ec t ' Led ' j he
peri pher al dire%%ﬁg%?ﬂkg’&ﬁ?gﬁgg%iﬁ ﬁgﬁ%ﬁg,g?Fﬁﬁ?E&%?ﬁ%g?ggég?égngn§ﬁfde

were used, whi CBeVgperiBACoRt wifHYat kBthePAfNthe 8aB8tPLLE! - malih§ 'egard
to their location for power supply, the wring conductors were connected to

the second el ecitogdfinatesshsyatbi prbyiaBethedgdubsbratat roeatingns devi at ed
by 10 or so cmfromeach other in the shaft direction thereof. The film 10
formati on #as pmefhantsgmi nahichehaéeithbeesohesbr pbssihie to provide a
plasma proceésing apparatus that can enjoy a much lower
prodﬁction cost.
In addition, the processing time can be shortened,
and hence not only the semiconductor devices to be

10 obtained can be produced at a lower cost, but also,
when films are formed, they can be formed in a uniférm
film thickness and with an improved film quality.

"Thus, it becomes possible to provide much superior
semiconductor devices.

15 Moreover, much more uniform and high-quality plasma
processing can be carried out when the points at which
the high-frequency power is supplied are located at
equal intervals or substantially equal intervals in the
peripheral direction of the second electrode.

20 When the electric power is supplied from a single
high-frequency power source through cables branched in
plurality after it has passed through the matching
circuit, the matching of the high-frequency power
becomes easy and hence better plasma processing can be

25 performed.

When the cables are rectangular in cross sections,

the electric power can be more efficiently supplied.



set stationary,- and was so nmanaged that the filmthickness distribution in
the peripheral direction can be neasured. In the present Exanple, the film
was formed using 15 a high-frequency power source at a frequency of 150
MHz under filmform ng conditions as showsB8 n- Tabl e 4. Eval uation on the
phot osensitive nenber was made in the same nmanner as in Exanple 1. As a
result, the same good results as in Exanple 1 were obtained. 20 The
phot osensi tive nmenber obtained was al so set in a copying machi ne NP- 6650,
manuf act ured by, Caqgn K. K, tore roduce | mages, a result, no uneven

hal f t one i magest HetReLedthemthi iR Wv&?’e“%t%ﬁe@cﬁtﬁaﬁ‘éct er
| | | t th hi gh bl ack
grelng: P; WeV\?Z gb&? ne’gégf? nofh’enc%%/u ‘Fr"gcJo‘P?g‘P %6?5%‘?%&90%?\/\1 nal , : i 'Itgvvas o

al so possible t h -
The rgsul ts of &EZQ/%%CE% {%t%%es%é)%ée‘% éln&é?ﬂa* “jsf%‘h
effective al so &:éés é}?\/ﬁé en the |ocations for

suppl yi ng the high- requency power to tH% secon electrode in the 5
shaft diregtion. Tal& gresent invention is by no means limited to the

deposited £ilm forming apparatuses and deposited film
forming methods as described in the foregoing Examples,
and can be applied to other plasma processing
apparatuses and plasma.processing methods such as dry
10 'etching apparatuses and dry.etching methods where an
etching gas is fed.to generate plasma to carry out
etching.
The present invention can be applied to the
production of not only the electrophotographic
15 photosensitive members as described above, but also
semiconductor devices including optical input devices
and active devices as previbusly.stated.
Needless to say, the present invention can be
appropriately modified and combined within the scope of

20 the purport of the present invention.



Deposi ti on chanber Layer Feed - Feed PRower I nt er nal

t hick- 10
bl ocki ng | ayer
1 [err]mNO

[err] 9588 300 S.E:aneHZ @;Uppg%o Sgim,"m"""’!pﬁ@[ﬂz"

8 sccmerr] Y Ppm (concént fatt o

Phot oconduc- tive layer SiH4 500 sccm 600 W 0.5 Torr 20 [er
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IS CLAIMED 1IS:

1. A plasma processing apparaths comprising a
reaction chamber provided with a first electrode to be
placed in a space that can be evacuated and a second
electrode disposed so és to surround the first
electrode, wherein said second electrode is connected
to a high-frequency power supply means at two points at

least.

2. The plasma processing apparatus according to
claim 1, wherein said high-frequency power supply means
supplies a high-frequency power of a frequency ranging

from 20 MHz to 450 MHz.

3. The plasma processing apparatus according to
claim 1, wherein said points at which the
high-frequency boWer is supplied to the second -
electrode are located at substantially equal intervals

to each other in the peripheral direction.

4. The plasma processing apparatus according to
claim 1, ﬁherein said points at which the
high-frequency power is supplied to.the second
electrode are located at substantially the middle of

the second electrode in its shaft direction.

5. The plasma processing apparatus according to

wer
orr

rjm
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Exanmple 1 Exanple 1 Filmthickness distribution ' 0. 42 B

Chargeability at 5 maxi mum fil mthi ckness portlon

Chargeability at minimumfilmthickness portion ﬁﬂ]“ mu l ﬁgél
pot enti al A A1HM%3:m(mm)

Exanple 2 Filmthickness distribution 0.4 0.48 Chargeability
at maxi mum fil mthickness portion AA B 15 Chargeability at
m ni mum fil mthickness portion B Resi dual potenti al
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has a single high-frequency power source and a single
matching circuit, and is branched in plurality from the
matching circuit so as to be individually connected to

5 said second electrode.

6. The plasma processing apparatus according to
claim 5, wherein the high-frequency power is supplied
from said matching circuit to said second electrode

10 through wiring conductors made substantially equal in

length.

7. The plasma processing apparatus according to
claim 2, wherein the oscillation frequency of the

15 high-frequency power is from 20 MHz to 200 MHz.

8. The plasma processing apparatus according to
claim 1, wherein said second electrode serves also as

the inner wall of said reactién chamber.

20
9. The plasma processing apparatus according to
claim 2, wherein said first electrode is set
stationary.
25 10. The plasma processing apparatus according to

claim 1, further comprising means for rotating said

first electrode.
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provi de a plasma processing nmethod and a plasma processing apparatus that
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wiring conductors which are rectangular in cross

sections.

12. The plasma processing apparatus according to
claim 1, wherein said reaction chamber has a material
gas inlet from which a material gas to be used to form

a deposited film in said space is fed.

13. The plasma processing apparatus according to
claim 1, wherein said reaction chamber has a gas inlet
from which an etching gas to be used to carry out

etching in said space is fed.

14. A plasma processing method carried out in a
reaction chamber provided with a fifst electrode placed
in a space that can be evacuated and a second electrode
disposed to surround tﬁe first electrode, said method
comprising supplying a high-frequency power to the
second electrode to generate plasma to carry out plasma
processing on the first electrOde,_wherein said
high-frequency power is supplied to the second

electrode at two points at least.

15. The plasma processing method according to

little different from



be carried out without rotating the substrate, nmaking it _unnecessary to
provi de the substrate rotating - 37 - different fromthat in

conventi onal apparatuses. O herw se, uniform and hi gh-sp I
processi ng can be carried out w thout rot‘atq‘%g‘the subst ?ﬂi"ﬂ"ﬂgﬂlﬂﬂ‘&ym .
unnecessary to provide the substrate rotating 5 mechani*sie an * L
becones possible to provide a plasna processing apparatus that can enjoy a

much | ower - production cost. In addition, the processing tinme can be

shortened, and h \ | t ;

obt ai ned can be cg?% ugi;%l’ %%réiﬁmég%%% Qé,{-%%é@%% J?sl Ibsr?rrs&gerses W med,

they can be forngd (i dNadQS ?é&r@{fﬁpkneSS'and with an inproved film
|

quality. Thus, it becomes poss e to provide nmuch superior sem conductor
devi ces. 15 Mor eover, much nore uniform and high-quality plasm
processing can be carried out when the points at which the high-frequency
power is supplied arpsl ochiehhiswksuntocassLing method sicrdirmg | 4o equal
intervals in the peripheral direction of the second el ectrode. 20

Wien the el®ctriclaomelr4; swisarmin eshid rlasma nppacdssing rios) estuhd mpwer
source through cabl es branched in

17. The plasma processing method according to
claim 14, wherein said high-frequency power has a
frequency rénging from 20 MHz to 450 MHz.
10
18. The plasma processing apparatus according to
claim 3, wherein said first electrode is set

stationary.

15 19. The plasma processing apparatus according to
claim 4, wherein said first electrode is set

stationary.

20. The plasma processing apparatus according to
20 claim 5, wherein said first electrode is set

stationary.
21. The plasma processing apparatus according to
claim 6, wherein said first electrode is set

25 stationary.

22. The plasma processing apparatus according to



plurality after it has passed through the matching circuit, the matching of
t he hi gh-frequency power becones easy and hence better plasna processing
can be 25 performed. When the cabl es are rectangul ar, | i ,
the electric power can be nore efficiently §u5p| i ed. ! ’l‘H mlﬁ“ﬁmmm
when the power supply points are |located at the m ddle of «I'hcthe W Cisni ¢y
thereof in the up-and-down direction (or the shaft direction), uniform

pl asma processing can be perforned. 5 The present invention is by no

means limted t@ltagglegcefrpig,g;ggpe:]_r{ H}dg]d; FHiPRY ARRATYFeSeS 3¢ deposited film

form ng net hods as n oregol ng Exanples, and can be applied
to other plasma ga@a@naryd apparatuses and plasma processing methods such
as dry 10 et chi ng apparatuses and dry etching net hods where an etching
gas is fed to generate plasna to carry out etching. The present invention
can be applied to the production of not only the el ectrophotographic 15
phot osensitive nenb@3s aThedepdasmad priowessing apparatas acodrdiog devi ces
i ncluding optical .input devices and active devices as previously stated.
5 claim 8, wherein said first electrode is set

stationary.



Needl ess to say,

t he present invention can be appropriately nodified and -

conbi ned Within the scope of 20 the purport of the present invention.

39 WVHAT IS CLAIMED IS 1. A plasna processi _appakatis . —coapetst-ng—e—|
reacti on chanber provided with a first el ectrode ti-hqsmHagﬂHAmBaﬂépace
that can be evacuated and a second 5 el ect rode :|spOSEEPBMCEB to
surround the first el ectrode, wherein said second &Feet? (ed to

a hi gh-frequency pomer supply nmeans at two points at least. 10 2.

The plasma procegs

WYREto claim1, wherein said

hi gh-frequency power supply means supplles a hi gh-frequency power of a
frequency rangi ng frivn&plddmd priatedding Method and.appHrmatpisisior
processi ng apparatus according to claiml, wherein said points at which the
hi gh-frequency poeryirg supplplasna procesciong by eauppldeing & | ocat ed at
substantially equal intervals to each other in the peripheral direction.
4. The pl asma prividssireguaney aawendrif iz e |4hMHz e adusssai d
poi nts at mhlch t he

10

15

discharge to take place between a first electrode
serving also as a film forming substrate and a second
electrode provided so as to surround the first
electrode, the high-frequency power is supplied from
its power source to the second electrode at two points
at least. In plasma processing épparatuses-as typified
by plasma CVD apparatuses to which the high-frequency
power of a frequency from 20 MHz to 450 MHz is
supplied, this method and apparatus can effectively
decreéselunevennesé is plasma processing in the
peripheral dirédtion of the film formed, can promise a
high plasma érocessing réte and can improve the

characteristics of a deposited film during deposited

film formation.

ThlS Sheet Has Been Re

(A lill

20



hi gh-freqguency power is supplied to the second el ectrode are | ocated at
substantially the mddle of 25 the second electrode in its shaft
direction. 5. The plasna processing apparatus according to - 40 -
claim1l1, wherein said high-frequency power supply neans has a single

hi gh-frequency power source and a sin%le matching circuit, and is branched
in plurality fromthe matching circuitl/4sd as to be individually connected

to 5 said second el ectrode. 6. The plasna processi ng apparatus according
to claimb5, wherein the high-frequency power is supplied fromsaid nmatching
circuit to said second el ectrode 10 t hrough wiring conductors nade

substantially equal in length. 7. The plasma processing apparatus according
to claim?2, wherein the oscillation frequency of the 15 hi gh-frequency
power is from20 MHz to 200 MHz. 8. The plasna processi ng apparat us
according to claim1, wherein said second el ectrode serves also as the
inner wall of said reaction chanber. 20 9. The plasma processi ng appar at us
according to claim?2, wherein said first electrode is set

FIG. 1 PRIOR ART
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stationary. 25 10. The plasma processi ng apparatus according to
claim1l1, further conprising neans for rotating said first el ectrode. -
41 - 11. The plasnma processi ng apparatus according to claim1, wherein
said second el ectrode and said hi gh-frequency power supply neans are
connected through wiring conductors which are rectangular in cross 5
sections. 12. The plasna processing ap &rdt us according to claim1, wherein
said reaction chanber has a material gas inlet fromwhich a material gas to
be used to form 10 a deposited filmin said space is fed. 13. The plasna
processi ng apparatus according to claim1l, wherein said reaction chanber
has a gas inlet fromwhich an etching gas to be used to carry out 15
etching in said space is fed. 14. A plasna processing nethod carried out in
a reaction chanber provided with a first electrode placed in a space that
can be evacuated and a second el ectrode 20 di sposed to surround the
first electrode, said nethod conprising supplying a high-frequency power to
the second el ectrode to generate plasma to carry out plasm

FIG. 2
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processing on the first el ectrode, wherein said high-frequency power is
suppl =ed to the second 25 el ectrode at two points at least. 15. The

pl asma processing nethod according to - 42 - claim 14, wherein said
pl asma processing is processing to forma deposited film 16. The plasma
processing nethod according to 5 5114, wherein said plasnma
processing is etching. 17. The plasna.ﬁk cessing nethod according to claim
14, wherein said high-frequency power has a frequency ranging from 20 Miz
to 450 MHz. 10 18. The plasma processing apparatus according to claim 3,
wherein said first electrode is set stationary. 15 19. The plasma
processi ng apparatus according to claim4, wherein said first electrode is
set stationary. 20. The plasma process apparatus according to 20
claim5, wherein said first electrod Jﬁ%ﬁe;hif tionary. 21. The plasna
processi ng apparatus according to cI n said first electrode is

set 2131
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25 ° stationary. 22. The plasna processing apparatus a cgégté$Fﬁg?TsHEEB-'
e plas

claim7, wherein said first electrode is set stationary.

processi ng apparatus according to 5 claim8, wherein SBEQ t}LsﬂﬂI n§5
el ectrode is set stationary. _

PLASMA PROCESSING METHOD AND PLASMA PROCESSING APPARATUS

T OF ED E

In a plasma processing method and apparatus-for

carrying out plasma prdcessing by supplying a

high-frequency power of 20:MHz to 450 MHz to cause
discharge to take place between a first electrode
serving also as a film forming substrate and a second
electrode provided so as to surround the first
electrode; the high-frequency power is supplied from
its power source to the second electrode at two points
at least. in plasma processing apparatuses as typified
by plasma CVD apparatuses to which the high-frequency
power'of a frequency from 20 MHz to 450 MHz is
supplied, this method and apparatus can effectively
decrease unevenness is plasma processing in the
peripheral direction of the film formed, can promise a
high plasma processing rate and can improve the
characteristics of a deposited film during deposited

film formation.



