El ect r ophot ogr aphi ¢ Li ght-receiving Menber and Process for its Production
BACKGROUND OF THE INVENTION 5 = Field of the Invention The present
invention relates.to an- electrophotographlc Ilght-rece|V|%% %% Egiing a
sensitivity to el ectromagnetic waves suthl a3 i ght (which & & s to
light in a broad sense and 10 I ndicates ultraviolet rays, visible rays,

i nfhared rays, X-rqys erL]-rays etc.), and also relates to a process for
its producti-on. Rel-at ed Background Art In the field of |nage formati on,

phot oconductive 15 EléE%fH rexuﬁ{%gpigrﬂléﬁghieégfg g sucﬁafrs in.

| i ght -receiving nenbers ar. e propertie that they are
highly sensitive, have a hipgh PMokakisO ol Qs PHIRIMEionP) / dark current
(1d)], have absorption spectra suited to spectral characteristics 20 of
el ectromagnetic waves to be radi ated, have a high response to |ight, . have

t he desired dark resistance and are'harn1ess to human bodi es when used. In
~particul ar, | BACKGROUND OF @HECINVENIUIOWN aphic |ight-receiving menbers set
in el ectrophotographi c apparatus used in 25 = offices, the harm essness in

their usB is Em_ldpQﬁL&hE_En&EnxiEnotoconduct|ve materi al s havi ng good

properties -2-

The present invention relates to an
-electrophotographic light—receiving member having a
sensitivity to electremagnetie waves such as light
~ (which herein refers to 1ight'in_a broad sense and

10 indicates ultraviolet rays, visible rays, infrared:
-.rays, x-rays, Y-raYs, etc;), and aiso relates to a
: prOcess_for its production. |
.Related Backgreund Art
-ih the field of image formation, photoconductive
15 materials that form iight-reCeiuing layers in
light-receiving members are reuuired to have properties
such that they are highiy sensitive, have a high SN_
ratio [light current (Ip)/dark current (Id)], have
absorption spectra suited to spectral characteristics
_20 of electromagnetic waves ‘to be radiated, have a high
response to light, have the desired dark reSistance and
are harmless to human bodies when used.' In particular,
in the case of electrophotographic 11ght—receiving g
-members set in electrophotographic apparatus used in
25 offices, the harmlessness in their use is an important
point. |

Photoconduetive materials having good properties
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in these respects include anorphous silicon hydrides (hereinafter
"a-Si:H'). For exanple,- U S. Patent No. 4,265,991 discloses its
application in el ectrophotographic |ight-receiving nmenbers. 5 ~In
such el ect rophot ographi ¢’ |i ght - recei vi ng Trédrser’s having a-Si:H it is
common to form photoconductive |ayers conprised of a-Si, by filmform ng _
processes such as vacuum deposition, sputtering, ion plating, heat-assisted
CvD, 10 light-assisted CVD and pl asna-assi sted CVD whil e heating '

conduct | ve SUBDEY o SLaSEREDRLChO A58l BuBIEREGY 34 shE PhoSTuGESS ot o0

CVD, i.e., a proce n e o%ﬁosed

direct-current, ﬁ(‘%ﬂ@iﬁéfﬁ%ﬁ”%ﬁ-gizﬁiﬁr OVgLe ghgwgqgscméqi @ﬁtte%tf QD 15

a-Si deposited ns on e support, "has been put 1Ato practic use as a-

preferred procegszs&eogRnababesbedPRbiCabbeieakabsd- gaen No. 30 46 509
di-scl oses an el ectrophotographic |Iight-receiving nenber having an a-S

phot oconduct i veel@¥eropReteypapaia 29ght-kakbedeingt asmpers.constituent
(hereinafter "a-Si: X" photoconductive |ayer). This publication reports

that incorporation ofinlsuch4@letertphbtbgraphicalaghti-peeedvingenabl es
achi evenent of a high thermal resistance, and also electrical and optical
properties prefreshérs2bavingoa-8ipHet dtohgducbmmen| &peform an
el ect rophot ographic |ight-receiving nenber. Japanese Patent Application
Lai d- open No. - photoconductive layers comprised of a-Si, by film
forming processes such as vacuum deposition,
sputtering, idn plating,'heatQassisted.CVD,
10_ light-assisted CVD and'plasma-aSéisted CVD while
| heating conductive supports at 50°C:fo 350°C. In
pérticular, the plasma-assisted CVD, i.e., a prodess in
_which material gaseé are decomposéd by direct-current,
high-ffequency or microwave glow discharging to form
15 a-Si deposited fiims on the.support; has been put into
| practical-ﬁse as a préférred process.
German Patent Applications Laid-open No.. 30 46 509
discloses an electrophotographic light-receiving member
having an a-Si photoconductive layef containing a
- 20 halogen atom as a conétituent (hereinafter:"a-Si:X"
phbtoconductive 1ayér),"This publication reports that
incorporation'éf 1 to 40 atom$ of halogen'étoms into
a-Si enables achieﬁemenf of a high'thefmal resistance,
and also electrical and optical proﬁerties-préferable
25 for a photoconductive la&er df_an electrophotographic
1ight-recéiving member. |

‘Japanese Patent Application Laid-open No.



-3- '57-115556 also discloses a technique in which a surface barrier |ayer
formed of a non-photoconductive anorphous material containing silicon atons
and carbon atons is provided on a photoconductive |ayer formed of an 5°
anor phous material mainly conposed of sildcbm atons, in order to achieve

i nprovenents in photoconductlve menbers having a photoconductlve | ayer
formed of an a-Si deposited film ‘in respect of their electrical, optical
and phot oconducti ve propertles such as dark 10 - resistance,

protoserst 14 Ly 314 488PR038 4oLl AERH GRS LRI Sl prengy o2
U S. Patent No., ng?.é’r 6g§yéi~' Ebrib§Oog! ;hBﬁegjh%tg‘éSP‘ﬁH&‘é‘iv‘éo WSS

phot osensitive ne super posing

light- tra”5”1ttmaﬁefﬂéﬂ|é&h@giﬂiﬁgcQﬁilbéﬁeétBHQt%hﬁ'EQr%GBrBQgﬁsf%é i con,

carbon, oxygen and fluorine. Pat ent ) 88, 120 still also dlscloses*
a technlque in h¢ided eAvaP Hé%o&&hﬁﬁb%hv@omhﬁeﬁlEﬁrﬁehlﬁqndH(Wm car bon
20 atons and 41 to 70 atonPo of hydrogen atons as constituents is usedto

forma surgace amyephotk Snatereal haindy48dmpbdéetiubithet ldicon atemst,han a
hi ghly sensitive and highly resistant, electrophotographic photosensitive _
menber can be 2&rder obd aackilebg umpngvemeatphmhophoﬂncbndackaym! an a--Si:H
containing 10 to 40 aton®o of hydrogen and havi ng absorption peaks at 2, 100
cn}l and 2, 000 mqmnera having a. photoconductive layer formed of an
a.Si deposited film, in respect of their electrical,
optical and photoconductive'properties such as dark
10 resisfanee, photosensitivify and resgonse to 1ight and
service environmentai pfoperties such as moisture
resistance and also in respect of stabiiity with time.
U.S. Patent No.. 4,659,639 still also disoloses a
'technigue.coacerhing a'pﬁotosensitive member
15 = superposingly provided w1th a light transmitting
'insulating overcoat layer containing amorphous
| silicon, carbon, oxygen and fluorine._-U.S._Patent No.
4,788,120 still also discloses a fechnique in which an
amorphous material ooataining siiicon atoms, carbon
20 atoms and'41_to 70.atom%-of hydrogen atoms as -
constituents is used to.form'a'saiface layer.
. U.S. Patent No. 4,409,311 further discloses that a
highly sensitive and.highly resiStant,
electrophotographic photosensifive member can be
25 .obtained by using in a photoconductive layer an a-Si:H

containing 10 to 40 atom% of hydrogen and having

,absorption peaks at 2 100 cm-1 and 2 000 cm~1 in an



-4- infrared absorption spectrum which peaks are in a ratio of ' 0.2 to 1.7
as the coefficient of absorption. Meanwhile, U S. Patent No. 4,607,936

di scl oses a technique in which, ainmng at an inproverrent in image 5
quality of an anorphous S|I|con photosen3|9|ve menber, image form ng steps .
such as charging, exposure, devel opnent and transfer are carried out while
nalntalnlng tenperature at 30 to 40[err] in the vicinity of the surface of
‘the photosensitive menber to t hereby 10 prevent t he surface of the -

phot osensi tive jpgher, § . r Iéﬁ% §ﬁ§ §N§f E [§SLS

which is due to watg dfal%‘ggcjrp |or§gg at sur aﬁe s%fsnear%d£$gn%8es
f.rom occurringogoRey 1@ty thera tdbe FRESEt€0HP MESrpeYEn achi eved

i nprovenents in 15 electrlcal optical and photoconductlve properties

and service envi ronm&ﬂnﬂ@p&rts EPLfertt atd ] WEHPIIO A Lstigbbs gCei Vi ng
menbers, and al so have concurrently brought about an inprovenent in inage .

quality. The elechndpfel dgl atiich, isgfiMincet van dinprdwsmer? in haageg a -

phot oconductive | ayer conprised of an a-Si material have individually

achi eved Bnpr oyemditty iof @opmdiprous) sidshem potdsmsitive matben) and
phot oconducti ve properties such as dark resistance, photosensitivity and
response to |i gmegendoraviyia steEps - Smla%mgiinw grpesere and al so in

respect of stability with time, and running performance (durability). Under
eXIStlng ci r cuRevgdopm qqﬁmgﬂg-transfer are carried out while

maintaining temperature at 30 to 40°C in the vicinity
of the surface of the photosens1tive member to thereby
10 prevent the surface of the photosenSitive member from
.undergoing a decrease in surface resistance which is
-due to mater:absorpticn on that surface and also
smeared imaQes from'occurring concurrently therewith.
: These techniques have achieved improvements in
15 electrical optical and photoconductive properties and
'service environmental properties of electrophotographic
1ight-receivinglmembers, and also have concurrently
brought about an improvement in image quality.
The electrophctcgraphic'light-receiving members
20 having a photoconductive layer comprised of an a-Si
material have individually achieved.improvements in
properties in respect'cf electrical, optical and
photoconductive properties such as dark resistance,
photcsensitiVity and response to light and service
25 environmental properties and also in respect of
stability with time, and running performance |

(durability). Under existing circumstance, however,



-5- there is roomfor further inprovenents to make overall properties
better. In particular, there is a rapid progress in naking '

el ectrophot ogr aphi ¢ apparatus have hi gher image 5 qual ity, higher speed
and hi gher running performance, and the elebt rophot ographic |Iight-receiving
menbers are required to be nore inproved in electrical properties and

phot oconducti ve properties and also to maintain their running perfornmance
over a longer period of tinme 10 in every environment while maintaining
charge performance and sensitivity: Then, as a result of inprovenents_nade
on optical expodereidd &oom fQk| I hprcimprecvenrentsi e Bk ce¥eRAdlso
forth in order to inprove image characteristics 15 . of
eIectrophotograﬁﬁp@%ﬁﬁiﬁﬁﬂhﬁé{qqmaeiectrophotographic | i ght -receiving .

menbers are now al so required t.0 _be nore inproved jn image characteristics
than ever. Under suc nc%a&mﬁ%és,tr%q% hatrﬁ%p% pro@%%@%n_’?o'ﬂ% ng

t echni ques as nqted., | | bl ' . erties to a
certain degree %%%?:é%%g%}% or the suba}ﬁépcis s%%trg%‘}%b%%g}t/ﬁ]érﬁéggn not be-
said to begsati G IH} dHRgar t ' ' ﬁﬂﬁgg§n +FofhAhEE
perforrr'ancg andaﬁ%agg%ugaﬁy. 2 ééhlérﬁgﬁﬁ% ar, as hﬁeesubj ects for
meki ng anor phouand hined R 1ld HropgiRQightdith it NDEgISt Deede Rl hhaiISé rs NBHE

quality, it has now been nore sought to decrease
required to be more improved in electrical properties
ahd'photoccnducfive properties and also fo maintaiﬁ
.'their running performance over a longer pericd of time
10 ~in evefy environment while maintaining charge
performance and sensitivity;
Then, as a resuit of improvcments_made on optical
,exposure_devices, developing devices, transfer devices
"and so forth in order tc'improve image characteristics
15 of electrophotographic apparatus, the
electrobhotogfaphic liéht—receiving members are now
aisc fequired to be mcre improved in image |
characterictics'than-ever, |
Under such circumctances, although the
20 conventional techniques as-noted above have made it.
possible to improve_propertiés to a certain degree in
respect of the subjects ctated above, they can not be
said to be sétisfactory in regard to the more
imérovémentc in charge performance and iﬁage cuality.
25 .In particular, as the subjects fof making amorphouc
_silicon iight—receiving members have much higher image'

quality, it has now been more sought to decrease



-6- exposure nenory such as bl ank nmenory and ghost. For exanple, hitherto,
in order to prevent smeared images caused by photosensitive menbers, a drum
heater for keeping a photosensitive nenber warmis set. inside 5 a
copyi ng machi ne to keep the surface tenpeTaﬁuTe of the photosensitive
menber at about 40C, as disclosed in U.S. Patent No.. 4,607,936. In
conventional photosensitive nmenbers,. however, the dependence of charge

per f or.mence on tenperature what is called 10 t enper at ur e- dependent

properties, tha& EFg I %b%% Itsgac%oh?r[gt '1%@1!-:0 %Ogeféq}%s?g%sc@r riers-or

heat - energlzed car rvice environnent

nsi de’ copyi ng mch Pe%, oRAAEIRCNHs M\r\%%eaenq%{ Sl &g V¢l SRl ised

in the sate they 15 have arg€ perfornmance an t hat orlglnally'

possessed by th?.mQBQEO&Sﬁ%bH' %5 gﬁ%esénéi%@edaa{bﬂerg he aiheater
performance may drop by nearly™1 in the state the photosensitive

menbers are heaggd kaephaygt a4%%bkeb&1&1¢réﬂiﬂéﬂﬂﬁzerwaﬁprﬂ%a§éi: wirldi dde
case when used 20 at roomtenperature. At night when copying nachines

are not uskd, tecdpytimbentehing kepkeepeahd isurtdoe aemparatuna afises so
as to prevent the sneared i mages that are caused when ozone products forned
by corona di schthgi ppotbsansi tivec membexy ats shohity 40°€ ,ads0dietlaosade
surface of a photosen3|t|ve menber. Nowadays, however, it has -
in U. s Patent No. 4,607,936. In conventional
photosens;tive members,_however, the dependence of |
charge performaace on temperature, what is called ._
10 temperature-dependent prope;ties, that is ascribable to
- formation of pie-exposure carriefs or heat-energized |
carriefs is so great that, in the actual service
environment inside copying machines, photosensitive
membefe could'not'avoid_being used'in the sate they
15 have a lower charge performance than that originally
_possessed by the photosensitiée members. For examole,
the charge performance may dfop by nearly 100 V in_the
state the'photOSensitive members are heated to about
40°C by a drum heater, compared with the case when used
20 at room'temperature. -

At night when copying machines are_not used, the
drum heater is kept electrified in cohventional cases
so as to prevent the emeared images that aie caused
when ozone products formed by corona discharglng of a

25 charglng assembly are adsorbed on the surface of a

photosen51tive member. Nowadays, however, it has

become popular-ndt to'electrify copying machines at



becone popufar not to electrify copying machines at -7- night for the

pur pose of saving natural resources and saving electric power. Wen copies
are continuously taken in such as state, the surroundi ng tenperature of the
5 phot osensi tive nenbér inside a copying’ngchine gradually rises to nmake.
charge performance lower with a rise of the tenperature, causing the
probl em of a change in inmage density during the copying. Nanely, when the
phot osensitive nmember is 10 contlnuously used, the surface:tenperature

t hereof rises as.a.re cha S g of
char ge performatﬁ‘(l,‘ght ?érl tt?‘ p%é%angesﬁ“ﬁ |%%%t1}jlgan]gla#gg%'?¥+é%e#ﬁg
‘copying to causga@ﬁ gwgwda¥ 'f éﬁnggrquallty Hence, in order to nount it
I ne

in an 15 ultr Spee (copying-on, e.g., 80 sheets or nore

per minute), it is NgERSSUopilds WY Rif il LIPSEakdl ornlanendens

properties. Meanwhile, 1n conventional photosen5|t|ve menbers, when the

sane original i staeeli el Hurrihdige ddiderafure eppiesl, a decrease in
i mge density may occur or fog may occur because of exposure fatigue of

phot osensi 6i ve pheitesenad ta vee sdnbenf i mmighi  ecapypinsyi reachie exanpl e, wheln
the sanme original is continuously and repeatedly copied, a change in inmage "
25 density (glradunallllynmm tw mike azharge pRrforggnemylower with a
rise of the temperature, causing the problem of a
change in image density during the copying.
Nemely, when the photosensitive member is
10 COntinueusly used, the surface_temperature thereof
rises as a result ef chafging and exposure fo cause a
1eﬁering_of charge performance, resulting in a ehange
in image density during the eepying to cause a lowering
of imepe quality. 'ﬁence,-in order to mount it in an
15 ultra-high-Speed machihe (copying on, e.g., 80 sheets
- or more.per minute), it is necessary to decreese the
temperature—depehdent properties. |
Meanwhile, in conventional photosensitive members,
when the same ofiginal is cbntihuously and repeatedly
20 copied, a decrease in image density may occur or fog
mey pccur because of exposure fatigue of photosensitive
members as a result of imagew1se exposure. .
For example, when the  same orlglnal is
'contlnuously and repeatedly copled a change in image
25 density (gradual increase or decrease in den31ty)_may
occur because of accumulation qf carriers or

accumulation of charged carriers as a result of



occur because o
carriers as ar
conti nuous char

quality; the bl

f accunul ation of carriers or accumul ation of charged
esult of- -8 exposure (i.e., charge potential shift i

n

ging). The exposure nenory such as blank nenory and what is
cal | ed ghost have al so cone into question-f8r-the 5 i mprovenment of

ank nenory bei ng a phenonenon whi-ch causes a density

I mage.

di fference on copied i mages, caused by what is called blank exposure that

is applied to t

he phot osensitive nenber_at paper feed intervals during

cont i nuous . copyi

ng in order to save 10 t oner nd_t he ghost, being a
phenonenon in \Aﬁ?‘gﬁsé‘ﬁe'l @_'r'er?giqﬁgr?g REteRtIE %?ﬂfg*évﬁ%é:%%‘ﬁf?‘ég in

previ ous copyin
copying. Fromt
maki ng appar at u
savi ng energy,

smal | er anount

i mprovenents in
further adgance
conventi onal ph

.(after-inmage) is produced on an image. in the subseque
%Egﬁﬁéwﬂarnts of preventing the exposure 15 nmenory,

noret¥ SReRRG BRI IHA0 A MOE N B Ay

nt

ing a

95 SXRSY GHYMt RhayBldi18o %cﬁi‘?e i’iﬁ?&-?‘c{dé&ﬂﬁ U4 Ofhd S t hat
(6] ot osensi

- photosensitivity 20 I p I ve nenbers must

dmpRovefnt! &£ iflage Ghad iA8/B¢he LA Indmky iBeing a

ot osensi tive nenbers, when the anount of exposure is

be

i ncreased so t hpheabmefome whidh Taided @ Guldias DfFdiermiy diasbpied:

10

images, caused by what is called blank exposure that is

applied to the photosensitive member at paper feed
interﬁals during continuous cbpying in order to save
toner, and the ghost being a phenomenon-in which an_

image remaining after the imagewise exposure in

previous copying (after-image) is_pfoduced on an image

15

20

25

in the subsequent copying;

f;om'the viewpoints of preventing the exposure
memory, making apparatus smaller in size, considering
ecological problems'and saving energy, there is a
démand fof imagewise exposure assemblies having a
sﬁaller amount of exposure and a smaller size, where:

the situatibn is that improvements in photosensitivity

'of'photosenSitive members must be further advanced in

order to meet such a demand.

|  ‘In addition, in conventionél photosensitive
membérs, When'the-amount of exposure is increased so
that an image with a strong contrast can be obtained
from a co;or—background originai, phbto-carriers_are'
prqduced iﬁ a 1arge quantity because of applicatidﬁ of

intense exposure to cause a phenomenon in which the



25 from a col or-background original, photo-carriers are produced in a
| arge quantity because of application of intense exposure to cause a -
phenaonenon i n which the -9- phato-carriers gather to and flow into
portions to which they can readily nove. Th9s- phenonenon has caused the
probl em of sneared inmages in intense exposure, what is called sneared EV,
whi ch causes 5 blurred letters or characters. Accordingly, in designing
el ectrophot ographic |ight-receiving nenbers, it is required to achieve '
i'mprovenents fromthe overall viewoints of | ayer configuration and

cheni cal conposPPPGR 8935%9?% %t tp and PR ERF S T

| i ght-receiving so that t pr obl ens di sgussed oV, an be :
sol ved, and al SB'EI’E' eérvgag rﬁ?@?ﬁr}g é"quﬁ)ro%r%é%tp qgr% trl?aegs of the
a-Si materials T g%ﬁg Lresent

I nvention ains a? t| onp¥ L& %eﬁ%g%dng&é\% e%}‘l ectrophot ographic
i ght -recei vinge EQ%&% h3Hatd 1@%&3&%@% | Nty RAeI Stk ayer

é%?ﬂd
formed of a-Si as stated above. 2 a mai n object of the

present |ngentlgﬂuk&ehplgm@@ﬁgaq&ndﬂag%kﬁggngxograph|c | i ght -recei ving
menber having a light-receiving |ayer fornmed of a non-nonocrystalline

material mainly conpegedrdingyly,Cdh mnidg‘itelléb&&;ﬂic&fﬁgﬁﬂnﬁ.cal way's
st abl e aI nost -

' 11ght-receiving members, it is required to achieve
1mprovements from the overall v1ewp01nts of layer
configuratlon and chemical composition of each 1ayer of

10 -'electrophotographic_1ight4receiving'members so that the
problems as discussed above can be solved, and alsd to

achieve -a much more improvemént in prqperties of the

a-Si materials themselves.

15 SUMMARY OF THE INVENTION

The present invention aims at solution of the
'problems invqued in electroﬁhotographiq
light~receiving members having the conventional
light-receiving layer formed of a-Si as stated éboVe.
20 That is, é ﬁainzbbject of the present invention is
to provide an_electrophofographic light-receiving
memberxr haVing a iight4receiving layer formed of a
'non-monodrfstalline'material mainly composed of silicon.
atoms, that is substantially always stable almost -
- 25 without dependence of.electri¢al, optical énd
| photoconductive properties Qn.service environments, has

a superior resistance to exposure fatigue, has superior



25 wi t hout dependence of electrical, optical and photoconductive ~
properties on service environnents, has a superior resistance to exposure
fatigue, has superior - 10 - running performance and noi sture resistance
wi t hout causing any deterioration when repd& edly used, can be alnost free
fromresidual potential and also can achieve a good inmage quality, and a -
process for its 5 producti on. ‘Anot her object. of the present invention is
to provide an el ectrophotographic |ight-receiving nenber having a - '
l'i ght-receiving_|ayer for -of__a_naon-yonocrystalline rmaterial Jmiply
conposed of sil FEGT pe%&m”%%ﬁn Qplﬁq‘ﬁ%e?%l%l%?ﬂ%%s%lﬁ:%oug - |
t enper at ur e- dep pr. rdi . XNO een. | oved

i n phot osens | CRAFLrg S cye o Rt Widh IRERYCAYY ed P ah TR
Still another obhgelk+0le e dichs Hsil N AbrlE1a and (D 48 Qagle an -
el ectrophot ographic I'i ght-receiving nenbe avi ng aiTlght-rece|V|ng | ayer
formed of a nonzERAe‘eY Sl JdddAnEye Iqudll i} Nland ARAssbss £or i oo atons,
that has attained a decrease in tenperature-dependent properties and ~ -
exposure ngnorypzeductdidth.has been inproved in photosensitivity to achieve
a dramatic inprovenment in image quality. * A further object of the present
invention is to proviatetherelokjeatplut dlrepresdnighinveaction nis nemrber

provide an electrophotographic light-receiving member
having a light-reéeiVing layer forﬁed_of a |
non-monocrystalline material mainly.composed of silicon
10 atoms, that has-attained a decrease in
| temperatﬁre—dependent_properties and exposure memory -

“and has beeﬂ impfoved in photosehsitivity to.aéhievé a
dramatic iﬁprdvement in image quality. |

.Séill another object of the present inventién is

,.15 | to provide an electrbphotqgraphic lightfreceiving-

' membe: having a light-receiving layér formed of a
non—monocrystalline'material mainly composed of silicon
atoms, that has attained a decrease in |
temperature-dependent properties and e#posuré memory

20 and has been impfoved in-photosensitivity to achieve a
dramatic improvement in image quality.

A further object of the present'invehtion is to
provide an_electrophotographic lighf—receivihg memﬁer
haviﬁg a light-receiving layer formed of a. |

25 non-mbnoCrﬁstalline material mainly compOéed of silicon
atoms, that has attained a decrease in

temperature-dependent properties and smeared images in



o e

haV|ng a Ilght-rece|V|ng | ayer forned of a 25 non- nonocrystal |l i ne
material mainly conposed of silicon atons, that has ‘attained a decrease in
t enper at ur e- dependent properties and smear ed images in - intense exposure
to .achieve a dramatic |nprovenent in i mageluality. A still further object
of the present invention is to provide an electrophotographlc _ :

| ight-receiving 5° menber having a light-receiving |layer fornmed of a
non-nonocrystalline material mainly conposed of silicon atons, that has

attained a decrg u endent les to

dramatic |nprové%§%? néﬁﬁ g%n%ntgﬁﬂlggﬁsFaﬁfg%% é5|§pgncegﬂéaﬁ)f%
effects of the r nsi de copyi ng nmachi nes and- t he out ernopst
surface tenpera% Q@S Qagﬁgt*lght-rece|V|ng menber), whereby images can be

made highly stable exegtimcfﬂi-tﬂaeugbsaew BE: tﬁ@dPéla%Qn*Eain%Eﬁl%d i%
decrease in exposure nenory and charge™15 . potenti shift in continuous

charging to acht@vler@vﬂaénahléleaﬁfepnaeagraﬁhh&aqegﬁ%aLret:mvaa.@ a process
for its productlon The present invention provides an electrophotographlc

| i ght - r eces vi ngnemisder haeingi 8i Djght20eceivingutayes fopmedt ofna a
| i ght-receiving | ayer having a photoconductive |ayer show ng a o
photoconductlV|mqn-momoedyshalhéneomdhermaé mappdytcampobedned s&Lacon
non- monocrystal line material mainly conposed of a
atoms, that has attalned a decrease in
' temperature-dependent propertles to achieve a dramatic
iﬁﬁrovement in environmental resistance (resistance to
10 the.effecte of the temperature inside copying machines,'
aﬁd the oute:mdst'sufface temperature of the
: light-feceiving member), whereby images can be made
highiy stable even-in.continuous_copying, and also has
attained'a decrease in exposure memory'and charge
15 -potentlal shift in continuous charging to achieve a
dramatic improvement in image quallty, and a process
- for its production. . '
The present invention provides an
eiectrephbtogfaphic light-receiving member comprising a
20 eonduetive shpport and a light-receiving layer ﬁaVing a
.photoconductive_layer showing é photocqnductivity,
formed on the cbndﬁdtive support and formed of e
ndn—monocrystalline material mainly composed.of a
silicon atom ané eohtaining at least one of a hydrogen
| 25 | atom ahd a halogen atom; wherein the photoconductive

iayer_contaihs from 10 atom% to 30 atom% of hydrogen,

the characteristic energy of exponential tail obtained



silicon atom and contalnlng at l.east one of a hydrogen 25 atom and a
hal egen atonm wherein the photoconductive |ayer contains from 10 aton® to
30 atonPoof hydrogen, the characteristic energy of exponential tai

obt ai ned - 12 - fromlight absorption BpE&tTa at | i ght-incident portions
at | east of the photoconductlve | ayer is 50 neV to 60 nmeV, and the density
of states of localization in the photoconductive layer is 5 [err]

to [err] The present invention also prOV|des an el ectrophot ographic

li ght-receiving ayer f%%ﬁ%&%foﬁo fgea UPP@R{: fHQi&ent

| i ght-receiving] oconduc |ve Show ng

phot oconduct | Vi taer diing JOTTEELOb# Nehd PYES Jféfﬁdéé‘?:?@étl pd,f 9Esg of &

non- nDnocrystalllne naterlal mal nl'y conposed I con at om and-

containing at | ersf NSPmdv NP I VR PO S£hatopeses gkom wherein the
t enper at ure dependence. of charge performance in the l'i ght-receiving 15

layer i's withinilotadidrgiiemm itherhy giedtoddi@idtive Slayéralso provides a
process for producing an el ectrophotographic Iight-receiving nmenber

conpri sing5a conductliott anpPpoot-1ard1ad icght. recei ving | ayer having a
phot oconducti ve 20 | ayer showi ng a. photoconductivity, fornmed on the-
conductive support arkthd @uasernt invantxmmmmig@tB¢¢Vn@eﬁH@@r|aI mai nly
conposed of a silicon atom and
_ electrophotographic light-recelving member comprising a
conductive support and a light-receiving 1ayer having a .
photoconduotive_layer showing a photoconductiVity,.

10 formed on the conductive support and formed of a
non-monocrysfalline material mainly composed of a
silicon'atom and containing at least one of a hydrogen
atom and a halogen atom; wherein the temperature
'dependence of charge performance in the light-receiving

15 layei is within * 2 V/degree.

The present invention still also provides a
process for producing an electrophotographic
light- receiv;ng member comprising a conductive support
'_and a 1lght—rece1ving layer having a photoconductive

.20 . layer showing a photoconductivity, formed on the
conductive support and formed-of a non-monocrystalline
material'mainly COmpoSed of a silicon atom and |
containing at least one of a hydrogen atom.and a
nalogen atom; wherein the process comprising forming

25 the photocondnctive layer while controlling a discharge

power.SO'as-to be A x B watt, and oontrolling the flow

rate of a ges'containing at least one of Group IIIb of



containing at |east one of a hydrogen atom and a hal ogen atom . wherein the

process conprising formng 25 = the photoconductive [ayer while
controlling a discharge power so as to be A x B watt, and controlling the
flow rate of a gas containing at |east one B3 & oup IIIb of - 13 - the,

periodic table el enent selected fromB, A, Ga, In or TI and G oup Vb of
the periodic table elenent selected froanL As, Sb or Bi soas to be Ax C.
ppm where A represents the total of the flowrates of a 5 . nmaterial gas
and a dilute gas, Bre r%fents a constant of fromQ.2 to Q.7

represents a cgﬂg’cearﬂe ’r‘brﬁ]%b]xel et %elje?tig[ﬁ??‘]“ By OA?RgngyI’a‘fford
Cayer wi thin [ G T2 SUGHEE o SR e CREr BT CHeRES TREoBBR NS Fi gs.

1A to 1D are eacgla %ofsﬁagfr fogélggng% 0 0y |¢ #ﬁltnrate an

i
exanpl-e-of the Iayer conflgur£¥ i on of a pre erred e nent o] e’ 15

el ect r ophot 0gr apfidyd | ag RERM %A RS f‘CGPrQhQinGWtPStaéeéfné

invention. Fi,g. 2 is a diagramatic view of an exanple an apparat us used
to formtheg | i ghfateatiilighk | @¥era dildee ed[,@gt repRepPEEEREECa constant
| i ght -recei ving nenber of the 20 present invention, which is an

a}Opar atus for proEumidy GB)2ctd Qplptagd aqom@pi-egaﬁtéesewngﬁamnbersrbm a
g o 5 x 10™ to 5 x 10"%, to thereby afford a temperature
depéndehce of charge performance in the.light;receiviﬁg
layet, within * 2 V/degree. | |
10 |

BRIEF DESCRIPTION OF THE DRAWINGS

Figs. 1A to 1D are each a schematiq view of layer
configuration to illustrate an'example of the.layer |
confiéﬁration of a preferred embodiment of the

15. ' electrophotographic light-receiving member according to
the present iﬁvention; |

Fig. 2 is a diagrammatic Qiew.of an example of an
apparatus used to form the light-receiving layer of the
electrbphotographic.1ight—receiving member of the

20 present'invenfidn,.which is an apparatus for producing
eledtrophotographic light-receiving members by a Qlow '
diSchargé process_using RF band high frequency;

'Fig. 3 is a diagrammatic view of an eﬁample of an
épparatus used fb form the light—feceiving'layer of the

25 electrophotograpﬁic light-receiving member of the
present invention, which is an appa;atus.for producing

electrophotographic light-receiving members by a glow



di scharge process using RF band hi gh frequency. Fig. 3 is a diagramatic
vi ew of an exanple of an apparatus.used to formthe |ight-receiving |ayer

of the 25 . el ectrophotographic |ight-receiving nenber of the present
i nvention, which is an apparatus for produ&ﬂnq el ect rophot ogr aphi c
| ight-receiving nenbers by a gl ow - 14 - discharge process using VHF -

band hi gh frequency. Figs. 4,10, 16, 24 and 28 each show the rel ationship
bet ween characteristic energy at Ubach tail (Eu) and tenperature dependent

roperties of 5., hot oconductive l.ayet,s,o L QU Cl t ographi c
Fi gﬁt -recei vi ngdﬁﬁﬁﬁgfg.e Rrg§eesSs cs)\"/'\'rg &Eﬁr gﬁa\g’t | oh(r?{%ﬁll %Ir%él{v\e/ee 'de%si Itoy' of
st ates of'IoCaIizatig?ggPCQ)'gad gggo?ar nETY bah RAkPGductive |ayers

19

in various el ectrophotographic 10 t-receiving nenbers. Fig. 6 shows

the rel ationshi pe Pt YBRENIENBELWeRh Shakapteiristad bhaldgn dDWoaai

sneared i mages of photoconductive ‘l.ayers in various el ectrophot ographic

light-receivingegebets) dhd temperatude & nitheropettdiensigm bet ween
t he absorption peak intensity ratio of Si-HZ2 bonds to Si-H bonds and.

hal ft one ulievenphetsecord(cearee layegss inofvapiouec eldectirophdtmgrraphic
vari ous el ectrophot ographic |ight-receiving nmenbers. 20 : Figs. 8 and
22 each shOM/thkightaréoaihipgbmembems. - _ :
| | Fig. 5 shows the relafionship between density‘of
states of.loéalization (DbS) and exposure memory of
photoconductive layers in vérious electrophotographic
10 light-receiving members. _
Fig. 6 shbws the reiatiqnship_between-denéity of
Sfates'of localization (DOS) and smeared images of
phbtdddnductive layers in various elecﬁroﬁhotographic _.
light;ieceiVing.members._ | |
15 Fig. 7 shoﬁs the relationship_between thel
absorption peak inténsity ratio of Si-H, bonds fo Si-H
.bonds and halftone uneven:density (cdarse images) of
photoconductive layers in various eiectrophotographic
;ighf-receiving members.
'20 : Figs. 8 and 22 each show the relationship between
| positions in léyer'thicknesé direction and
characterisfic energy at Urbach tail (Eu) of
photpconductive_layefs in various‘electrophotbgfaphic
light-recéiving membérs. |
25 ~ Figs. 9 and 23 éach_show the relationship between
pdsitiohs in layer thickness'directiqn'and density of
states of localization (DOS) of photoconductive layefs:

in varioﬁs electrophotographic light-receiving members.



positions in layer thickness direction and characteristic energy at Urbach
tail (Eu) of photoconductive |ayers in various el ectrophotographic :

| i ght-receiving nmenbers. .25 " Figs. 9 and 23 each show t he

rel ationship between positions in |ayer thil$mess direction and density of
states of |ocalization (DOS) of photoconductive |ayers-in various

el ect rophot ogr aphic |ight-receiving nmenbers. - 15 - Figs. 11, 17, 25 and
29 each show t he relatlonshlp bet ween density of states of | ocal i zat i on

DOS d -.d |
Var bus el ect Fophot oBAGBN! &t dife- AR iy el A e Ha Y
h sh h I I
each show t he rsg%%lg%glf 'e% l]_l%t veen sqgatr %ctog %&@0%&3%} a\/ &#)b%t al

(Eu) and exposu y eva datTof Tank ayers in .

various el ectr oegﬁhgggq:g@e ?%?,td% &fgﬁgﬂ@e&s hdtoconductfds. 13

and 19 each show the relation ensity o states of |ocalization

(DGS) and eXpOSEé?eE%”Eth%&@dﬁﬁ'éyédﬁyﬂﬁhdgod¥H§H¥HNIE§HﬁAﬁédéﬁﬁiﬂg
vari ous el ectrophOtographic light-receiving nmenbers. Figs. 14 and 20 each

show t he rel ati pembershet ween 15 characteristic energy at Urbach tai
(Eu) anhd sensitivity evaluation ranks of photoconductive |ayers in various
el ect r ophot ogr aphi c [Figlat.- i@c@ind m@lﬁaﬂhﬂshowﬁths i, setnicbristh iga dde tshmen t he
relatlonshlp bet ween
characteristlc energy at Urbach ta11 (Eu) and exposure
memory evaluation ranks of photoconductive layers 1n_
"various electrophotographic light-receiving members.
10 . Figs} 13 and i9 each show the relationship between
density of statés'of localization (DOS) and exposurs_ '
.'memory evaluation ranks of photoconductive layers in
varlous electrophotographlc llght receiving members.
Figs. 14 and 20 each show the relationship between
-.15 _ charasteristic energy at Urbach tail (Eu) and
sensitiVity_evaluation ranks of photoconductive layefs
in vérious—elecﬁrophotdgraphic light-receiving members.
Figs. 15 and 21 each Shsw the relationship between
density of states of localization (DOS) and sensitivity
20 ranks of photsconductive layers in wvarious
electrophstog:aphic light-receiving membefs.i
Fig. 26 shows the relationship between
characteristic energy at Urbach téii (Eu) and.smeared
images in ihtenSe exposure, of photoconductive 1ayers
25 | in various electrophotographic light-receiving members.
Fig. 27 shows the relationship between density of

states of localization (DOS) and smeared images in



density of states of Iocallzatlon (DOS) and sensitivity 20 ranks of

phot oconductive layers in various el ectrophotographic |ight-receiving
menbers. Fig. 26 shows the relatlonshlp bet ween characteristic energy at .
Urbach tail (Eu) and sneared images in intédfse exposure, of photoconductive

layers 25  in various electrophotographic |ight-receiving nenbers. Fig.
27 shows the relatlonshlp bet ween density of states of |ocalization (DOS) .
and sneared images in 16 - intense exposure, of photoconductive |ayers

| ect.r ophot hi - 30, sh th
61 at1 onshi p betRSB e arperbteey éxﬁ%ﬂ@%gﬁ% T e ehear e
5 h
el ect Lgﬁﬁﬁfo'gi‘ab%%%%%ﬁ@% ea.%vh.l% TSP P 1 e Tl 2t onshi p
bet ween density of s%qﬁesgy fﬁ%lf&lé{}éﬂ 5g51 pdB&H | mages in
0 ve

i ntense exposure, of photoconduct] ayers in various 10

el ect rophot ogr aERb‘i‘alc"lﬁli'trsFt%‘ée'eﬂéi%mfﬁr%a@ﬁagilpwm And HndRRRERRED
EMBODI MENTS | n band gaps of a-Si: there are.commonly a tail (bottom

l'evel ascrgbabl ¢mbged i Yeiténde @zﬁﬂfsiﬁ*’e ofoﬂfphoto%orﬁuchmzte Tdyks deep
| evel ascribable to structural inperfections of Si unbonded arns (dangling
bonds) or the IuhevaﬂmousIemedtrdphbﬁdgnﬂphicznight>reqﬁivxngumbmbers.
reconblnatlon centers of electrons and holes to cause a -

Fig. 31 shows the relationship between denS1ty of

states of_localizatlon (DOS)_and smeared images in
intense exposure, of photoconductive layers in various _

10 electrophotOgraphic light-receiving members.

_D.ESCRI-P_T.]':O-N OF THE PREFERRED EMBODIMENTS
_.In band geps of a-Si:H, there are commonly a tail
"(boftoh) level ascribable to a strocturel disorder of
15 Si-Ssi bohds and a deep level asoribable to sfructural
imperfections of Si unbonded arms (danglihg bonds) or
the like. These levels are known to act as capture and
' recombination centerS'of.electronsfand holes to cause a
lowering of propertles of devices. |
- 20 3 As methods for measuring the state of 1ocallzed
ievels in such band gaps, deep—leyel spectroscdpy,
isothermai volume-excess speotroscopy, photothermal
polarization spectroscopy, photoacoﬁstio spectrosoopy
andlthe cohstant.photocurrent method are oommonly used.
25 In particﬁlar;.the constant photocurrent method
(hereinafter "CPM") is'useful as a method for simply_

measuring sub-gap light absorption spectra on the basis



| owering of properties of devices. 20 . As nethods for neasuring the
state of localized levels in such band gaps, deep-I|evel spectroscopy,

i sot hermal vol ume- excess spectroscopy, photothermal polarization
spectroscopy, photoacoustic spect roscopy an’ the constant photocurrent

met hod are commonly used. 25 In particular, the constant photocurrent
met hod (hereinafter . "CPM') is useful as a nethod for sinply neasuring
sub-gap |ight absorption spectra on the ba5|s' 17 - of localized levels
of a-Si:H The 2H§ en |nv tor‘%g%ve |n gated the correl ation between
characteristic ﬁévz (Urbach tail) (herelnafter

“Bu') or 5 density,gf ﬂeaéeer& n&él?@#é%é&& iﬂ@é&%i&ﬁ%&é th&S") and

properties of photosen3|t|ve MEnBer s under Vart ous. cof I ons. a result,

they have di scoyg,aathat tﬁ%&ké}ogﬁﬁ&éeﬁéuﬁ%ﬁ&a%w%

t enper at ur e- dependent properties and exposure menory of a-Si photosensitive

10 menbers, axpdruiic Ay A0 AU SL dedIE) PIRELSLnA PVERT tRE" ) ASrt he
cause of a Iomerlng of charge performance which occurs when the

phot osensi 5 ve ity Dfheieatbdof XbdHN et Bon O(héteihakeeri tDOS" )
considered that 15 carriers thermally excited are led by electric fields
forned at the tiaml girageargiey dbH ptmﬂmsmsaith.vé]en&nbémeumr evaejaeam ng
their capture to and rel ease .
conditions. As a result, they have discovered that the
Eu and DOS closely correlate with temperature-dependent
propertles and exposure memory of a-Si photosensitive
10 members,'and'thus have accomplished the present
: invention.. |
As the.cause of a lowering of cha:ge performance
which occurs when the photosensitive member is heated
by a d?um heater or the liké, it is'cqnsidered that
 15 cafriefs thermally excited are led by electric fields
formed at the fime of charging to move toward the
surface while repeating their capture to and release
from the localized levels of band tails.and deep
localized levels in band gaps, and consequently cancel
20 | surfade charges. Here, the qarriers having reached the
| surfaée'while passing through a charging assembly
-'little cause the lowering of eharge performance, but
the carriers having been captuied in the deep levels
reach'the sﬁrface after fhey have passed through the
25 chafging assembly, to cancel the surface charges, and.
'hénce-this is observed as'temperature-dependent

properties; ‘The carriers thermally excited after they



fron1the | ocal i zed |l evel s of band tails and deep | ocal i zed |l evel s in band
gaps, and consequently cancel 20 . surface charges. Here, the carriers

havi ng reached the surface while passing through a charglng assenbly little

cause the | owering of charge performance,~ b8 the carriers having been '
captured in the deep levels reach the surface after they have passed

t hrough the 25 ~charging assenbly, to cancel the surface charges, and

hence this is observed as tenperature dependent properties The carriers

th |1 it ft t h d t he char gi
assently al so cARd ﬁ%@fﬁﬁ%@hﬁ% er e oy mt?. 3 CERGPYe
f A di der to d he i t -J dent
o Gpor {Tes. it Bencaans, s G e #wi? o B e ad8Carri or s
from being pr od %%dz‘?n serAécg&& atﬂ; ’[L@%ge%(?fdé&e Qg&t&? nsi t ive
y

menber and at t e sane . to |npro ' TobT carrrers

exposure ”E”Uryﬁéﬁﬁ&fﬁ%dEEEﬁEbéﬂﬁﬁhéfﬁréﬁértlé@Otfthérﬁé&és&é?ﬁuﬁéd by
bl ank exposure or I'magew se exposure are captured in the localized [evels

in band gaps anginRrcaHd SffermiBly) ditdted REREPLORS UetdiY S BYgr . More
specifically, among photo-carriers produced in a certain process of

copyi ng, the caprioducelb in thyigwgrviaiai temberatine pwige anfluehéve | ayer:
are smept out by the electric fields forned by surface charges at
photosensitive member and at the same time to improve
the mobility of carriers.
The exposure memory is also caused when the
10 photo-carriers.produded by blank exposure or imageWise
exposure.are captured in the localized levels in band
gaps and-the.carriers remain in the.phofoconductive
'layer. More.specifiCally, among photo-carriere
_ produeed in a eertain process of.COpYing, the Carriers_
15 . having remained in the photoconductive layer are swept
out by the electric fields formed by surface charges at
the time of subsequent charging or thereafter and the
potential-at.the portions exposed to light become lower
_than other portione,_SO that a density difference
20 occurs on images, Hence, the mobility of carriers must
be improved se that they can move through the
photoconductive leyer'at one process of copying without
‘allowing the photo-carriers to remain in the layer.
Thus, the controlling of Eu and DOS as in the
25 = present invention.makes it possible to hinder the
thermally excited carriers frem beiné produced and also

to decrease the proportion of thermally excited



the tinme of subsequent charging or thereafter ‘and the potential at the
portions exposed to li'ght becone | ower than other portions, so that a
density difference 20 occurs on images. Hence, the nobility of carriers
must be inproved so that t hey can nove thrddbh‘the phot oconductive |ayer at
one process of copying without allow ng the photo-carriers to remain in the

| ayer. Thus, -the controlling of Eu and DOS as in the 25 present

i nventi on makes it possible to hi nder the thernally ex0|ted carrlers from
bei ng produced and al so to di crease t he pro ion. of t xcated

- 19 - carriersS8rYy 951 é&i ?P *qudﬂbl €350 t hat
the nobility of .carr |ers c renar 0 t r sult t he

t enper ature-depé‘ﬁgg s’ rﬁ “fcfglbj!s%?%l%gfe %§Idrl$i§enp€$%t 7 e range of

t he el ectrophot %’ Nk NP eke S Pecemar kabl y decr eased
and at the sane t1ne e occurrence of exposure nenory can be prevent ed.
Hence, the st abidaps @it aldih ﬁ%}iéﬁrﬁwtlﬁeaféwsé&mers to
service 10 environnment can be inprove and high-quality inmages

affording § sharempairatiii® dhdi 6Nt MO ERSEHdtodagtye be stably

obt ai ned.” Moreover, in the present invention, the intensity ratio of
absor ption peaks.igﬂ;m-lrieaiﬁiermrg Sienttie b @rals h?enck'ém'arkalﬂy Hidmressed and
speC|f|ed whereby the nobility of
at the same time the occurrence of exposure memory can
be prevented, Hence, the stability of
electrophotographic light-receiving members to service'
10 environment can be improved, and'high-quality images
~affording a sharp halftone andlhaving a high resblution'
‘can be stably obtained. |
Moreover, in the present invention, the intensity
ratio of absorption peaks ascribable to Si-H, bonds and

15 Si-H bonds is specified, whereby the.mobility of
carriers through layers of-light-receiving members can
be made uniform, so that the fine density difference in
halftone images, what is called coarse images can be
decreased._ '_

20 | : Hence, the-electrophotographic light-receiving
member of the present invention, designed to have such
constitution, can settle all the problems previousiy
‘discussed and exhibits very Qood electrical, optical

| and photoconductive properties, image Quality, running
25 performance and service environmental properties.
Meanwhiie, in the photo-carriers produced upon

exposure, electrons move toward the surface and holes



carriers through | ayers of light-receiving nenbers can be made uniform so
that the fine density difference in halftone inages, what is called coarse
i mages, can be decreased. 20 Hence, the el ectrophotographic

| i ght-receiving menber of the present inver®Qon, designed to have such
constitution, can settle all the problens prevrously di scussed and exhibits
very good el ectrical, optical and phot-oconductive properties, inage
quality, running 25 . performance and serV|ce envi ronment al properties.
Meanwhi l e, in .the hoto-carrlers_€r0q¥ on exposure, electrons nove

toward the surf & a&ﬂd% SUPPOL f %i KPR %E’dl iﬁ)r’t'-b%jr’aec?\ﬂﬁ‘ﬁz .

t th d |
e D bt o Bl St ok e, e [ed Sy 15 Ui 9RRS i bed,
the exposure rreg%r?blre% %%Léi‘ifid% AW thﬁ,pﬁ%@ &%{%&rsaé’r%fj lyged by

bl ank exposure or PiaEgew se exposure are captur | oC zed |l evel s

I n band gaps angllelyg_ é)ge%dﬁrﬂﬂd‘ Wv&lég ?I\/bre

speC|f|caIIy, anong .photo-carriers pro uce |n a certaln process o

copying, the Cahhbﬁf%hhﬁﬁﬂakdlﬂg¥ﬂﬁﬂiérbﬁé&hé&&“ éﬁ?&éﬁﬁé &r€
swept out by the electricC fields forned by surface char ges the tine of

subsequent char ghﬁ@@j’lgéﬁggqﬁgﬂemtdﬁ)ﬂﬁéﬂ“iﬁ'tﬁ 1d€aPDidd ON6vEexgosed
to |ight becone | ower than other '
in band gaps and the carriers remain in the
photoconduct;ve layer. More specifically, among
_ photo-cérriers produced in a certain.procese of
10 copying, the carriers haVing remained in the
photoconductive laye# are swept out by the elecffic_
fields formed by eurface charges'et the time 6f
subéequent charging or thereafter and the potential at
the portions exposed td_light 5ecome-lower than other
-15 portions,.so that a density difference occurs on
'images.7 Hence, the mobility of carriers must be
imprOVed éo that they can move through the
photoconductive 1ayef at one process of copying without
;llowing the photo-carriers to remein in the layer.
20 - Accordingly, taking note of the facte that the
photo-carriers afe mainly produced at positions
_relatively neéf to the surface end that electrens meve |
toward the surface and holes toward thé suppoft side |
~ and the mobility of holes is.very smaller than that ef
25 electrons;_the.present inventors have found that, in

order to decrease the exposure memory and improve

photosensitivity, it is necessary to increase the .



15 portions, so that a density difference occurs on inmages. Hence, the:
mobility of carriers nmust be inproved so that  they can nove through the
photoconductlve | ayer at one process of cop |ng wi't hout allow ng the
photo-carriers to remain in the layer. 1 xccordingly, t aki ng note of
the facts that the photo-carriers are nalnly produced at positions
relatively near to the surface and that electrons nove toward:the surface
and holes toward the support side and the nobility of holes is very snaller -

than that of 25mobiﬁ.':§:g( o%nsl'iolehse iH e&xeé‘qd‘f‘é’c?&é%ﬁ Patyl? f o{-?.at . i n

order to decreasSe osure nenor rove p ot osensi Vi

necessary to increase (ﬁ trd‘ﬂt!i.ﬂd t%f Gty N ESDdd é@e{tgl{:@cﬁl

t he support. Thus, the control Iing of Eu -and DOS so as to nmake their |Im

i n-plane aver agenedhrUqs 1GPIH-PlarRS dverdife RFEHEEE dYPFEAPadNTh atKe
maki ng them distribute so as to decrease toward the support side nakes

it possible to predent HewdmitH ldh® dlide haliting etlten B Heibgter s6used,
to decrease the proportion of carriers captured in the |localized levels,
and al so t& renokdelcrdane dMoward thebisupgpomt didde makemrit tpesdible
support side in the layer thickness direction. As the result, the
t enper at ur e- depdedbdndero e ithermallhy eswiteat carnpers ufrom abgmg)f t he
el ectrophot ographi c |ight-receiving nenber can be remarkably decreased. and
produced, to decrease the proportion of carriers
.captured in the localized levels, and also to
remarkably improve the mobilify of holes toward the
' ;0 supﬁort side in the layéf thickness direction. As the
result, the temperaturé-dependent prdperéies in the
'servicé_temperature rahge of the eledtrophotographic
'.light—recgiving membér can be remarkably decreased and
at'thé_same time a decrease in exposure memory and an
15 improvement in phdtosensitivity can be achieved.
Hence, the stébility of electrbphotographic
light-receiving membefs to se:vice_environment'can be
improved, and high-quality images affording a sharp
halftone and having a high resolution can be stably
20 obtained. o
lThe electrobhotographic light-receiving member of
the present invention, designed to have such
constitUtion,'can settle éll the problems previously
discussed and exhibits very good electrical, optical _
25 _and photoconductive propérties, image quality, rﬁnning

performance and service environmental properties.

The photo-carriers produced upon exposure move



at the same tine a decrease in exposure nmenory and an- 15 inprovenent I n
photosensitivity can be achieved. Hence, the stability of

el ectrophot ographi c |ight-receiving nmenbers to service envi ronnment can be

i nproved, and high-quality images affordrn@2a-sharp hal ftone and having a
hi gh resolution can be stably 20  obtained. The el ectrophotographic

| i ght-receiving nmenber of the present invention, designed to have such
constitution, can settle all the.problens previously di scussed and exhibits

: d el I 2 d h d
quality. rﬁnﬁﬂ,‘@'%%m%ﬁsn%ﬁrga%e m o RERAE iR thsve pre“%.efdﬁéﬁ‘ge
phpto-carrlers-gégggggdf ntﬁépﬂﬁ %Flevrwné% Eg% urface

whi l e repeating err capture to ang ease evels in

band gaps as pfgi‘é@!ﬂéh)él?eﬁ%&b?ﬁﬂed"‘o"‘%?fe’vézf tyhe trh"ef’“il %éé%! £d¥e

carriers to nove I1n th Imin-plane directionis 5 I Tferent, t he

carriers: may gaEHQFcBQrQEEEIQBSmBQeWHhPthh&ﬁjﬁﬁ&ﬂuﬁmﬂde/dﬂ%éhtﬂﬁﬁ”hs
photo-carriers are produced in a large quantity because of application of

i ntense exposur@iffébeat;atheschteieteimdy DEthdicrd PortitagetoMidred
become blurred. Hence, it is necessary to 10 hi nder as far as possible
t he phot o- carr|Eheyfcan1ueadmgy|novbe phehoghmﬁmﬂnarrﬂeapemne1pﬂaddcedn
i n-plane direction -and to inprove the nobility of
in a large quantlty because of applicatlon of intense
exposure. This causes the smeared EV, where the 1mages'
obtained become blurred. Hence, it is necessary to

10 | hinder as far as possible fhe'photo-carriers from

| moving in the photoconductive layer in its film
ic-plane direction and'to imbrove the mcbility of

'carriers ={o] that.the'greater part of them can move only
in theflayer thickness direction.

15  Thus, the cbntroilihg_of Eu and DOS so as to.ﬁake
their film in—plahe average values.GOnstant as in fhe
present invention and also ﬁaking rhem distribute so as
to decrease toward the surface makes it possible to
hlnder the thermally exclted carriers from being

20 produced, to decrease the proportion of carriers
captured in fhe locaiized levels, and also to
remarkably improve the mobility cf carriers in the
layer thickhess direction. - As the result, the
téemperature-dependent properties in'the service

25_' temperature range of the electrophotographic

1ight—receiving member can.he remarkably decreased and

at the same time the occurrence of exposure memory in
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carriers so that the greater part of thenrcan nove onIy in the | ayer

t hi ckness direction. 15 - Thus, the controlling of Eu and DOS so as
to make their filmin-plane average val ues constant as in the present

i nvention and al so making themdistribute-s¥3as to decrease toward the
surface makes it possible to hinder the thermally excited carriers from
bei ng 20 produced, to decrease the proportion of carriers captured in
the localized levels, and also to remarkably inprove the nobility" of

carriers in the |ayer thickness direction re
tenperature-depéﬂﬁéﬂsﬁw?ﬁRQ?VE% ¢an b BE?V?E£e§5 I"b‘l‘a’f"éﬁpelrgEFure range of

bnd at 1 he sane SR ey o A1 EAELL RO BERER S T  FBR RNy o0 TRRNE
exposur e can be sl ofl, sdBPRSe LhEsSSARLhL %Al pe] E%%B{?Qgt oghgPh ¢

l'i ght-receiving ne Service environnment can rove

high-qual ity | mpes, éﬁ@- aingcadsf hal2¥bAd &nfi gh |
resol ution can. be sz%{y:g% al ne T%fﬁa*ect§o%hot%g?apﬁrc ?rghtPrecervrng
nmenber of tshe p&ﬁﬁﬁmﬁg'é“ﬁ&ﬁhcibséﬁﬁtﬂ@ﬁdcéﬂ bavetsuly €pBaihédtion, can

settle all the problens previously discussed and exhibits very good
el ectrical, optical ¥Hhe eIé&kt&pﬁdf@@ﬂ&phidelﬂgnﬁeféce£v1ngngemndﬁlbEy

runni ng perfornance and service environnmental properties.

the present invention, designed to have such
constitution, can settle all the problems previously
discussed and exhibits very good electrical, optical

10 and photoconductive.ﬁroperties, image quality, running
'performaﬁce and service_environmental properties.

The eléetrophotographic light-receiving.meﬁber 6f
the present invention will be described below in,
- detaiil |

15 . - Figs. 1A to 1D are eagh a schematic view to
illustréte an example of preferable layer configuration
of the.electtoéhotogréphic light-receivihg_member
according to the present invention.

.The electrophotographic light-receiving member

20 shown in_Fig. 1A, denoted by reference numeral 100,
'comprises a.suppoft 101 for the light-receiving member,
and a 1ight—re¢eiving layer 102 provided thereon. The
light-receiving layer 102 has a photoconductive layer
103 ha&ing a photoconductivity, formed of, e.g., aﬁ

25 afSi(H(X) wh;ch is a kind of the non-monocrystalline
material qentaining'at least one of a hydrogen atom and

a halogen atom and a silicon atom.
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The eIectrophotographlc Ilght-receIV|ng nenber of the present |nvent|on

W ||  be described belowin detail. 15 : Figs. 1A to 1D are each a
schematic view-to illustrate .an exanple of Breferable,layer configuration
of the electrophotographic light-receiving*nEnber raccording to the present

I nvention. The el ectrophotographic |ight-receiving nenber 20 shown in
Fig. 1A, denoted by reference nunmeral 100, conprises a support 101 for the
l'ight-receiving nmenber, and a |ight-receiving layer 102 provided thereon

The |i ght - recei vi ng &fqrggléozs "8°senghab e ueuRL ke 1uSk-1A LAY

phot oconductivity, s a nd of :
t he non- ”Dnocrxééémﬂiémbfmﬁfiéf|c&ﬁfi&b?h@ﬁoﬁtoke%ﬁé one of a hydrogen atom

and a hal ogen atomand a silicon atom . 1B is a schematic

view to illustrai&-erepietograpRi6 Digh&¥@écé@0&h§uﬁéhbéﬂ atcbl8ing to
el ectrophot ographi c l.ight-receiving nenber according to the present.

i nvention. The e gpropdot ofnventioh. Thegbleteeopibbographet 100 shown in
Fig. 1B conprises a support 101 for the light-receiving nmenber, and a

| i ght -recd vi ngLiglye+rddeipiny i menbéhel80nshdha hngHignemslaompruspsraloz
has a photoconductive |[ayer 103 havi ng a photoconductivity, formed of,
e.g., the 10 sup®xH )1 Hod theahngphoueceanugnmeypersuandce Iayer

light- receiving layer 102 provided thereon. The
light-receiving layer i02 has a photoconductive layer
103 having a photoconductivity, formed of, e.g., the
10 a-éi(H,X), and an amorphous silicon type surface layer
104. | | | |
Fig. 1C is a echematic view to illustrate still
- another example of layer configuration of'the
electrophotographic 1ight-receiVing member according to
15  the present 1nvention. The electroohotographic
'1ight-receiv1ng member 100 shown in Fig. 1C comprises a
support_lQl for the light-receiving member,.and a
1ighthreceiVing layer.loz provided thereoh. The
light-receiving layer 102 has a photoconductive layer.
20 103.having a photoconductivity, formed'of, e.g., the
a-Si(H,X), en'amorphouersilicon'type surface layer 104
and an amorphous silicon type charge injection blocking
layer 105.
Fig. 1D is a schematic view to illustrate a
25 further example of layer configuration of the
| electrophotographic light-receiving member according to

the present invention. The electrophotographic
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104. Fig. 1Cis a schematic viewto illustrate still.andther exanple of -
| ayer configuration of the el ectrophotaographic |ight-receiving nmenber
according to 15 the present invention. The el ectrophotographic _

| i ght-receiving nmenber 100 shown in Fig.‘l@ﬁxﬂnnises a support 101 for the
i ght-receiving nenber, and a |light-receiving |layer 102 provi ded thereon.
The light-receiving |layer 102.has a photoconductive | ayer 20 103 havi ng
a photoconductivity, forned of, e.g., the a-Si(H X), an anorphous silicon
type surface |ayer,104 [ S, ~H 1 d t ar L |

bl ocki ng | ayer %gg.hchfge. %%‘@?'gaamég‘g%gun;@c évlrlféé}\"vp\l/1 t%’pﬁﬁ‘stggt%&ha&g%gg 2
further exanple Iy (GO i _ - el sTolaTo]g i

| i ght -receivi ngs%ﬁ%g‘%ee{'ggo?gﬁg%% J,Eiﬁ;e .prIteésEeerfJJ?fré/ent i onl.o' Ta?fgi] & .

el ectrophot ogr a@hight~reced¥ing 13¥er’ At \drisy s fheihbshovenén Fi'g. 1D
conprises a support 101 for the light-receiving nenber, and a '

| i ght - recei vi ng1highe~rEdRiRioyg defrdrhao® hasihen la-gi (H,eCpichaxgéd ayer 102

has an a-Si (H, X) charge 5 generation lLayer 106 and a charge transport
| ayer 107.6hat genstriation tlayerhdiQtcarlia ichartge errarishorndlayerant®@Phous
silicon type surface | ayer 104. - Support - The support used. in the present

i nvention may bé&hat constitute the photoconductive layer 103, and an
amorphous silicon_tjpe surface layer 104,
- Support -
The support used in the present invention may be
- 10 either conduct;vé or electricélly insulating. The
conductiﬁe'suppoft méy include those made of; for
example, a metal such aé Al, Cr,'Mo, Au, In, Nb, Te, V,
Ti, Pt, Pb or Fé, or an alloy of any of these, as
éxempiified by stainless steel. The electrically
15 insulating material.may include a film or sheet of
synthetip resin_sﬁch as polyester, polyethylene,
_polycarboﬁéfe,_cellulose acetate,.pd}yprobYIene, |
polyvinyl chldride; polystyrené or'p01Yamide, or glass
or cerémic;' iﬁ the present'invention, an électrically
20 insuléting support madé of any of these the surface of
which has been subjected to conductive treatment at
least on the-side on which the lighf-receiving layer is
formed may also be used és the Support.
lThe support ;01 used in the present invention may
25 ‘have the shape of a cylinder with a smqoth plane or
finely uneven surface, or a sheet-like endless belt.

Its thickness may be appropriately so determined that
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10 ei ther conductive or electrically insulating.
may include those nmade of, for exanple, a netal suchas Al, C, M, Au, In,

No, Te, V, Ti, Pt, Pb or Fe, or an alloy of_ any of these, as exenplified by
stainless steel. The electrically 15 ‘Tﬁgﬁréting material may include a

filmor sheet of synthetic resin such as pol yester, polyethyl ene, :
pol ycar bonate, cellul ose acetate, polypropylene, polyvinyl chloride,

pol ystyrene or polyam de, or glass or ceramic. In the present invention, an

electrically 20 ¢pe i At éﬁbé%HFggﬁ'émE¥2 —POYe P 1 hdeREmbEE 506 of -
whi ch has been su?ect ed td con CtIVJé tre t?lf:ment eat Te%st on the sig%ﬁon

whi ch the |'i ght HeeoRintd dRYddsifed O B {RYtahs8s ben UsRLcRSthe support.

The support 101 used in the present invention may 25 have t he shape of a
cylinder wth aelBmidoghctsgpiid €l ighifersde beingafemiér a1 08hes- | i ke
endl ess belt. Its thickness may be appropriately so determned that — -26

- the el ectrophatezpriamd ctd ilphve reectlesili httpertidOsuppobe 101 nmeay obe
desired. In instances in which the el ectrophotographic |ight-receiving
menber. 1005 s r ewpde ab tthimas pdssible [$0 ylondheas ubporan Welhay be 5
made as thin as possible so long.as it can well function as a support. - In
usual instances funsiidan as e SURRRFE- 10In msuahvingtanceskndieweyenn [err]m
or more in V_i eWt?'Ie istusppnc;arn'léJ fla(ng unzaey %{]éjvg]ag d1|:li1.inc ’ngs?sc hgfn ilc(()a l-pm or more

in view 6f ité manufacture and_handling, mechanical

strength or the like. | | ._

10 ' When_images are récordéd using coﬁerent light such
as 1asef iighf, thé surface of:thé support 101 may be
maée ﬁneven so that any faulty imageé due to what_is
called'interférenceufringes'appearing in visible images
can bé canceled. Thé.uheveness made on the surface of

15 the suﬁport.lol can be produced by the known methodé as

~ disclosed in U.S. Patents No. 4,650,736, No. 4,696,884
and No. 4,705,733. | | -
- As.anothe# mefhod for éan&eiing thé:faultj_images

due td iﬁterfefence friﬁges occurring when the coherent

20 l1ight such as laser light is used, the surface of the
sﬁpport 101 may be made uneven by making a plurality of
sphere-traced concavities on the surface of the support
101. More spécifically, the surface 6f the support 161
is made ﬁore fihely_uneven than the resolving power

25 ': required for-the electropﬁotographic light-receiVing
member 100, and also such uneveness is formed by a

plurality of sphere-traced cbnca&ities. The uneveness

The "conducti ve suppdrt

R

Ern-
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strength or the i ke. 10 Vhen |nages are recorded using coherent
| i ght such as laser light, the surface of the support 101 nay be nade
uneven so that any faulty inages due to mha% is called interference fringes
appearing in. visible i mages can be canceled’/ ~The uneveness made on the
surface of 15 the support 101 can be produced by the known nethods as
disclosed in U.S. Patents No. 4,650,736, No. 4,696,884 and No. 4,705, 733.
As another method for canceling the faulty imges due to interference

fringes occurriggrggghﬁghgucgheref% 2Q ¢ ﬁéeé¥g E%&éééﬁb dggvﬁ#iégﬂoﬁs

used, the surfa made uneven Ing a

pl ur aI ity of splgﬁ[ae %r&%%g %(}n% t_,rhuz,%oqrr tita Ldd e ﬁfodd&@tmporgﬁe 101. “

Mor e speci fi.cal Iy, surface support 101 is nade nore finely
uneven than theyhegl HeRhoaOWas d%%closfémtid sl § orpdtemieest ropres gBJPhi ¢

| i ght-receiving nenber 100, and al so such uneveness is fornmed by a '
plurality of sphere-Lrppetoconaiddives Lakie uwheveness - 27 - formed by a
plurality of sphere-traced concavities on the surface of the support 101
can be proguced by tha hevwprssdind iasratitsidms ethe phdtRcandugtive.

4,735, 883. - Photoconductive Layer - 5 In the present invention,

the phot oconducllayer! P& thed tilen tEqTsneic rave Ehen supponth gtk I OFEHrBRr to

effectively achieve the object thereof and constitutes
: effectively achieve the object thereof and constitutes-

R g

at least part of the light-receiving iayer 102 is
prepared by, e.g., a vacuum deposited film forming
._10 process under conditions appropriately numerically set
in accordance with film forming parameters so as to
_aehieve the desired performances; and under appropriate
selection of materials gases used -Stated
specifically, it can be formed by various thin-film
15 .deposition processes as exemplified by glow discharging
including AC discharge CVD such as low-frequency CQD,
high—frequency CVD or microwave CVD, DC discharge CVD.
and sputtering, vacuum metallizing, ion plating, light
CVD and heat CVD. When these thin-film deposition
20 -processes are employed, suitable enes are selected
according to the conditions for manufacture, the extent
'of a load on capital investment in equipment,:the'scale_
of manufacture and the properties and'performances
° desired on electrophotographic light-receiving members
25  produced. Giow discherging, sputtering and ion plating
are preferred-in view of their“relative easiness to.

control conditions in the manufacture of



at least part of. the light-receiving |ayer 102 is prepared by, e.g., a
vacuum deposited filmformng 10 - process under conditions appropriately
nunerically set in accordance with filmform ng paraneters so as to achieve
t he desired performances, and under apper?ﬂare selection of -materials
gases used. Stated specifically, it can be formed by various thin-film15 .
deposi tion processes as exenplified by glow discharging including AC

di scharge CVD such as | owfrequency CVD, high-frequency CVD or m crowave
.CVD, DC di schar ; i G R | 71 [ l ating,

| i ght CVD and hgg?%gpﬁ\g\%gﬁgtg hglgfa: ?’ %Pﬁﬁﬁé‘#@dy&% Hegd#%%(f h%%ﬁggge%%‘gs are

enpl oyed, suitafbgipB@Spateoshhackad according to the conditions for
manufacture, the extent of a load on capital investnent in equipnent, the

scal e of manufact ur eypad, t FerPeRRAPLESS thad phRFideioMaRees vae a3
03

el ectrophot ographic li.ght-receiving nenbers 25 - produced. Go _
di'schar gi ng, spist formgdabg glbwphHaschargitgy’ tasicad liynan Sd-Feddiflg
rel ati ve easiness to control conditions.in the manufacture of - 28 -

el ect r opho% ogr apateriaghgasecepabie mEnifeedingyisiditha dé¢omsedSi), and
performances. \Wen, for exanple, the photoconductive |ayer 103 is forned by
gl ow di schar gi ngir Bafeeding materipdecgpsgcspablenodr fgeddng bydaogerof -
feeding silicon_atons &Si),'and an theeding mat eri al gas capable of
f eedi ng hydrogeﬁtQmS_( ) and/or an X-feeding material gas capable of
| feeding.halogen atoms (X) may be introduced in the
desired gaseous state into a reactor whose iﬁsidé can
10 : bé evaduated,'and glpw discharge may be éaﬁsed to take
place in'the'reactor so that the layer compfiSéd of
aeSi(H,X) is-fdfmed on a given supbort 101 previously
set at a given position. | | |
. iﬁ the_presghf inventioh,:the photoconductive
15 layer 103 is required to cohtdin hydrogen atoms and/or
halogen atoms. This is:bécausé theyiare contaihed in
order to compensate unbonded arms of silicon atoms in’
the layer and are essential and indispenéable for
improving layer quality, in particular, for improving
20 photocohductivity and charge retentivity. The'hydrogen
atoms or halogen_atoms or the total of
hyd:ogen atoms and halogen atoms may preferably be.in a
content of from 10 to 30 atomic % (hereinafter
"atom%"), énd more preferably from 15 to 25 atom$,
25 based_onlthe total of the silicon atoms ana the

. _hydrogen atoms and/or halogen atoms.

'The material that can serve as the Si-feéding gas



atons (H) and/or an X-feeding material gas capabl e of feedi ng hal ogen atons
(X). may be introduced in the desired gaseous state into a reactor whose -
inside can 10 be evacuat ed, and gl ow di scharge nmay be caused to take
place in the reactor so that the |ayer conp?ised of a-Si(H.X) is fornmed on
a given support 101 previously set at a dgiven position. In the present

I nvention, the photoconductive 15 | ayer 103 is required to contain

hydr ogen atons and/ or hal ogen atons. This is because they are contained in
order to conpensa1§ unbonded arns, o

essenti al ggd i 127 5%?ePF%?e?ﬁp?B§?ﬂgC82y§%9ns3???§?epégparF??%]2£e for

i mprovin opduct t V] h :
argns orghalogéﬁgioghébg? %ﬁ 8¥a Yoflﬁgéggséﬁgggghgbgﬁg ﬁ%lgée d;?gﬁg my
preferably be Ié]’fﬂ% cog_rl_ebpt g"{d fsf‘s ’a?t’orr&‘ cgocghoqgece@f@,q:&w@f ed.atonts), -

and nore preferamdy’froms based on the total of the

silicon atoms afg x"rﬂéw hc)!f”Pél&aiﬁégasiﬁnﬁéﬁalﬂﬁboqa& ahoBE. £obmataberi al
that can serve as Si -feedi ng gas - - used in the present

i nvention gray i4gd USE-B3EQLHE foﬂaiehb§b|ehélhateﬂlaydmayeprefebabag) such
as SiH4 [err] and [err], which can be effectively used. In view of

readi ness in haﬂdd:lﬁ@efsi_m ared SigHgation 5 and Si - f eedi ng effl ci ency
t he naterlal may preferably
To structurally incorporate the hydrogen atoms
into the photoconductive layer 103 to be formed and in
order to make it more easy to control the percentage of
lO the hydrogen atoms to be 1ncorporated to obtain film
| propertles that achleve the object of the present
invention, the films nnst be formed in an atmosphere in
which these gases aredfurther mixed with a desired-
amount of H, and/or He or a gas of a silicon componnd
15 'containing hydrogen'atoms. Each gas nay be mixed not
only alone in a single species but also in combination
of plural species in a desired mixing ratio, without
any problems.
A material effective as a_material gas for feeding
'20 halogen atoms used in the present invention may
preferably include gaseous or gasifiable halogen
compounds as exemplified by halogen gases, halides,
halogen-containing interhalogen compounds and silane’
,_deriyatives substituted with a halogen. The material
25 may also inolude'gaseous or gasifiable, |
halogen-containing siliconlhydride compounds

constituted of silicon atoms and halogen atoms, which



include [err] and |
I nto the photocondu
nore easy to contro
i ncorporated, to ob
present invention,

err]. To structurally incorporate the hydrogen atons
ctive layer 103 to be forned and in order to nmake it

| the percentage of 10 t he hydrogen atons to be

tain filmproperties thal0achieve the object of the

the filnms nust be formed in an atnosphere in which these

gases are further mxed with a desired anount of H2 and/or He or a gas of a-

si-licon conpound 15
only alone in a S|n

a desired n1X|ng ratlo W fou

contalnlng hydrogen atons. Each gas may be m xed not’

Q)e a‘clpem ei:sfie aﬁlly@%?gb Coen& %@ﬁ%(?x{i‘%(ﬁ)s ﬂ;g{:al:aﬁpsg' es in

eéctrve as a

mat eri al gas for q%%l sent I nvention
may preferably s e g&éeous or ga5|f§§%§Ehﬁ fgﬁ%ﬂtiéﬁﬂgé ds as .

exenplified by
conpounds and ‘silan
25 may al SO igyw
hydri de conpounds ¢
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e derlvatlves substituted wth a Hhal ogen. The mat'eri al

polhdE rgfsaxfr atter, helm d,ge'Bz(PQntBngﬁgIls_,{/,vL Fuzely
Sl

onstitute i con atoms and hal ogen atons

- 30 - cansbe aloao t2id acike/e. sﬂi&ﬁld&em@ﬁpﬂnﬂm@%omlﬁﬁmgueamgéﬁr abI y

used in the present

I nvention may specifically include fluorine gas [err]

and. |nterhalogemtnmsunwhkx(xsnnarneq;éiIhné]derivatjves substituted

with halogen atoms, may spe01f1cally include silicon

fluorides such as SiF, and SleS,'which are preferable

examples.

10

In order to control the quantity of the hydrogen_

atoms and/or halogen atoms incorporated in the

photoConductive 1ayer 103, for-ekample, the temperature

- of the support 101, the quantity of materlals used to

1ncorporate the hydrogen atoms and/or halogen atoms,

15 the

discharge power and so forth may be controlled.

In the present invention, the photoconductive

1ayer-103 may preferably contaln atoms capable of

,controlling'its conductivity as occasion calls. The

atoms capable of controlllng the conductivity may be

20 contalned in the photoconductive layer 103 in an evenly

uniformly distributed state, or may be contalned partly

in such a state that they are distributed.non-uniformly

in the layer thickness direction.

25 may

The atoms capable of controlling the conductivity

include what is called impurities, used in the

‘field of semiconduetors, and it is possible to use

atoms belonging to Group IIIb of the periodic table



5 or the like. Silicon conpounds containing hal ogen atons, what is
call ed silane derivatives substituted with hal ogen atons, may specifically
i nclude silicon fluorides such as [err] and [err] which are preferable :
exanpl es. 10 In order to control 418 gquantity of the hydrogen atons
and/ or hal ogen atons incorporated in the photoconductive |ayer 103, for
exanmpl e, the tenperature of the support 101, the quantity of materials used
to incorporate the hydrogen atons -and/or hal ogen atons, 15 t he di scharge -
power and so forth may be controlled In the present :invention, the
phot oconduct i ve (hgFednadderay' Grosie (il atamsi h %Rﬁt‘%’-%ﬂfab‘t@%‘ftlng
controlling its conductivity as occasion calls. The atons ca ab

controlling the¥c e nductive .
Pe M&&cﬂoe;twwta' ox) atoms, Rekonding Y& %
| ayer 103 in an venl unj.f or trlhute stat be qp t ai ned
partly in such X ?tRFélFﬁ&F £ ehri‘ é%ﬁ?‘ &ﬂ? the |ayer
t hi ckness direc h t, | e cQ e conductivity 25
may i ncl ude vvha%: ggbl %etﬁl%%url %%2 t&fsped I'n (fdné 1%]' of semi conductors,
and it is gossible t I@ﬁégni id i iodic
tabl e g (herelgo te oup II ato ) capgél %ylrégﬁé§%g p-type
conducti vity or patews (adl, om'%aﬁﬁtﬂt @, Gard1 Gy, e ) ana

(herelnafter "G oup Vb a
thallium (Tl). In particular, B, Al and Ga are
preferred. cThe Group Vb atoms may specifically include
phosphorus (P), arsenic.(As), antimony (Sb) and bismuth
10 (Bi). In particular, P and As.aré préferred.
The atoms.copable of controlling the condudtivity;
'.contained in the photoconductive layer 103 may | |
'preferably be in an amount of from 1 x 10' to 1 x 10°
atomic ppm (hereinafter "atom ppm"), more preferably
;5"' from 5 x 1072 to 5 x 10° atom ppm, and most preferabiy
~from 1 x 10! to 1 x 10? atom pom.. |
In order to structurally incorporate the atoms
capable of'controlling.the conducfivity, e.g., Group
IIIb atoms or Group Vb atoms, a starting material for
20 ihcorporafing Group IIIb atoms or a starting material
for incorporating Group Vb atoms may be fed, when the
" layer is_fofmed, into the reactor in a gaseous state
together with other gases used to form the
photoconductiVe layer 103. Those which can be used as
25 . the starting.material for-incorporating Group IIIb
atoms or stérting material for inoofporating Groop'Vb'

atoms should be selected from those which are gaseous



capabl e of inparting n-type conductivity. 5 The Goup Illb atons
may specifically include boron (B), alumnum (Al), gallium (&), indium -
(In) and thallium (TlI). In particular; B, Al_and Ga are preferred. The

G oup Vb atons may specifically incl ude rrho%%)hbrus (P)y, arsenic (As),
antinony (Sb) and bisnmuth 10  (Bi). In partlcul ar, P and As are
preferred. The atons capable of controlling the conduct|V| ty, contained in
t he phot oconducti ve Iayer 103, may preferably be in an amount of from1 x

10[err] to 1 x I, JU er ) e erabl. -
15[ 1‘rom 5 X %8-1[ %rr "_LL d’% %—%J‘%{éﬁﬁal %ﬁg%n%gg%?gg{r:akgéghom ly
x 10[err] to 1 li:h%@eedt{ éHQ!Hrﬁ f’g& é&ﬂé&%ﬁﬁ&'é’oﬁ@f@i@ﬂéate the
at ons capabl e of controﬁ I ng the con uct % e.g., Goup I'b atons or _

Goup Vb atoms, £&rSted 'f&rd?&i@iri df e %otoé&f&i@@i@é'f&y&pup I11b
atons or a-starting material for incorporating Goup Vb atons may be fed,

when the layer is fommmh 4 Mearting eaftaridl forabeeiBpci&t Endg OGEGHST with
ot her gases used to formthe photoconductive |ayer 103. Those which can be

used as 255 thaInt a'ttdm’sgweapeziifmalmommxwdengaﬁmumtétbahtﬂms or
starting material. for incorporating Goup Vb atons should be sel ected. from
t hose ‘whi ch ar e igeoaperating boran rakanms, tkomen hydwides suchehs Bahsure

or at |east those which can be readily gasified under conditions .
, - B4H,,, BsH,, BgH;; and BgH,,, and boron halides such as BF,,

BCl, and BBr,. Besides, the material may also include
.GaCl, "and Ga(CH;);. 'In.particular, B,H, is one of

10 preferred materials from t‘he viewpoint of handling.

The material that can be effectively used as the
starting ‘material for incorporating Group Vb atoms may
include, as a material for incorporating phosphorus
atoms, phosphorus hydrides such as PI-I3 and P,H, and

15 phosphorus halides such as PF,, PFS, PCJ.3, _PCls, PBr3 and
PIa.. Besides, the material that can be effectively used |
as the starting material for incorporating Group Vb
atoms may also include AsH,, AsF,, AsCla, AsBr,;, AsF,,

| SbH,;, SbF,, SbCl,, BiH; and BiBr;.

20 These starting .materials for incorporating the |
atoms capable of controlling the conductivity may be
optionally dilu_ted with a gas such as H, and/or He when
used. | | ‘ |

In the present inventi'on_, it is also effective to

25 incOrporate carbon atoms and/or oxygen atoms and]or
nitrogen atoms. The carbon atoms and/or oxygen .atom_s

‘and/or nitrogen atoms may preferably be in a content of



for the formation of the photoconductive |ayer. Such a starting materi al

for incorporating Goup 5 I'1l'b atonms may specifically include, as a
material for incorporating boron atons, boron hydrides such as [err], [err]
and [err], and boron halides such as [err] 33 err] and [err]. Besides, the
material may also include [err] and [err]. In particular, [err] is one of

10 preferred materials fromthe viewpoint of handl'ing. The nmaterial 'that
can be effectively used as the starting material for incorporating Goup Vb

t oms. i ncl terial, for, i rat | hasph at .
Dhosphor s, yar EE88 & T2 1t 10 Feply FOLR pHEERSRRY hram M O 00t
such . Besj aten . 3 tively
Gsed as {he st att B SEon and et BTy 4o £ RPNSTSI TP
include [err] [gibhsandaled b ?t?)&fe total c‘i@eﬁ'fé %ﬁf&dgg&%ﬁ,&/%&ﬁﬁ

i ncorporating the aténs capable controlli1ng the con

optional Iy di | Upe@mY, ! BaPgehS steRls dhd R ARMURIN Haciien waed cdsbdie

present invention, it is also effective to 2 i ncorporate carbon atons
and/ or oxygen abethisaahdyorickye@e sAioniss anl o atinfodn et cansl /mdy dey gen
atons and/or nitrogen atons may preferably be in a content of - 33 -

from 1 x 10[ er r pviealy0 ddsantibutede ipr dfher ghotdeamiictd vild[laydr,; or may
| be partly non-unifofmiy distributed so as for its
- content'to change'in'the layer thickness direction of
Ithe_photoconductive 1ayer.. | : -

10 ~ In the present invention, the thickness of the
photoconductive layer 103_may’bejappropriateiy
determined acéording to the prdperfies or performance
to be'obtained and the'proﬁerties or pérformance |
requiféd. .The léyef may preferably be formed in a |

i5 thicknéss of from 20 to 50_pm,.moré_preferably from 23

| to 45 pym, and still more preferably from 25 to 40 pm.
If thé_layer thickness is smaller than 20 pum, the
électrophofographic performances.such as charge
pefformance and sénSitiVity may bécome unsatisfactory

20 for practical use.- If it is 1arger than 50 pm, it may
take a longer time to form phbtoconductive laygfs, '
resulting in an iﬁCréase in produgtion cost.
| In order to form.tﬁe photoconductive_layer 103
that can achieve the object of_the present invention

25 and has thé desired film properties, the mixing
prOpoftioh of Si—feeding gas and dilute gas, the gas

'pfessufe inside the reactor, the discharge power and



-

to 8 atontq and rost preferably from1 x 10[err] to 5 aton@b_baéed on the
total of the silicon atons, carbon atons, oxygen atons and nitrogen atons.
The carbon 5 atons and/or oxygen atons and/or nitrogen atons may be
evenly distributed inthe photoconductive Béyer, or nmay be partly
non-uniformy distributed so . as for its content to change in the |ayer
t hi.ckness direction of the photoconductive |ayer. 10 In the present
i nvention, the thickness of the photoconductive |ayer 103 may be _ _
appropriately determ ned according . to.the properties or, performance to be
obt ai ned and t hEh@r §BEPPF§st8F‘PS§%FHFﬁaH‘b‘§%r &uia\pé’ﬁpp?ﬁ?%ellé'yﬁgatne?ys
preferably be formed iin a 15  thickness of from20 to 50 pm nore '
preferably fron?®81F8345 pm and still nore preferably from25 to 40 pm |f
the | ayer thickness [s spaller a p eshEPBASE P9 aRBKBCas
performances such asbﬁﬁa%ggwbgf%%rﬁgﬁgé %%%yggn§%t§é?t§ naygbecone -
unsati sfactory 891utefg%sph b%ahggi%PriEEéﬂy'ééﬂé@%ﬂﬂ WwitMirbGrpPm it na
1duc

take a longer trine to rorm photoco Ive layers, resulting in an increase’

in productkon cgskimhih hfge if becordandehaliarormie desidgniyry ddddyeat can

achi eve the object of the present invention 25 and has the desired film
properties, thecgh¥igturataes ! isna of ShdfeediHegmggspaefietdabliyebgas, the gas
pressure inside the reactor, the discharge power and - 34 - '

controlled within the range of from 3 to 20 times, more
pféferaﬁly from 4 to 15 times,:and'still more
_preferably from 5 to 10 tiﬁeé, based on the Si-feeding
10 gas. The flow rate may preferably be cohtrolied so as
to be made constant'within the value range.
'Wheﬁ He is intrdduced, the total flow rate (H, +
He) of dilute gaseé may preferably be Cdnfroiled within
the-ab;ve range and in whidh the flow rate of He may
15 preférably be cohtrolled.to be 50% dr_less of the total
flow-réte. .
The gas pressufe_inside_the reactor may élso be
"apprppriately selected within an optimum range in |
accordance ﬁith the designing Qf 1afer configuration.
Zb The pressure may‘preferably.be in the range of from .
1 x 10? to 10 Torr, more preferably frbm 5 x_lO“ to 5.
Torr, and still more prefeiably ffomfl x lod_to'l Torr.
The discharge power may also be appropriately
selecfed within an optimum range in accordancé with the
25 .designing of layer configuration, where the ratio of
the disdharge'power_to.thé flow rate of Si-feeding gas

may préferably be set in the range'of_from 2 to 7, more



_the support tenperature must be approprlately set as desired. The flom1rate
of [err] and/or He optionally used as dilute gas nmay be appropriately
selected within an 5 opti mumrange in accordance with the designing of

| ayer configuration, and H2 and/or He nay3preferably be controlled mnthln
‘the range of- from3-to 20 times, nore preferably from4 to 15 tines, and
still nore preferably from5 to 10 tinmes, based on the Si-feeding 10

gas.. The flow rate may preferably be controlled so as to be nade constant

within the val ue range.. Wien i_S |ntrod je. total flom1r te (H2 +
He) of dilute Bﬁ?ggrgg}YWEEP@Hgbﬁytﬁé co IqQ&} %ﬂﬁﬁ%?range and
I n which the fk?g/ st% og He may 15 preferably be controlled to be 50%
or less of the'torar PoRX'rate. The gas pressure inside the reactor nmay '

al so be approprlate*xesgg ?E%QtW&Eth %gep h*ﬁg&g{g@ﬁeﬂ Y 3G%Y ce with

t he designing of |ayer configuration essure~may preferably be-

in the range Oép%fgﬁkia’éeig[ gefibckRal Fitdih a0 'opthih fitgpm 5 x 10- 4
to 5 Torr, and s nore preferably from1 x 10[err] to 1 Torr. The '

di schar ges poweacasydahee mtap&hepaea&ghun?eb&cu%@ew ‘ConE igfretighim r ange
in accordance with the 25 desi gning of . l'ayer confi.guration, where the

ratio of the draehtegpepavaret mayhprblfewabdiye bef sBit- fieedheg rmdr&;f
preferably be set in the range of from2 to 7, nore
from 200 to 350°C, more preferably from 230 to 330 C,
and st111 more preferably from 250 to 310°C. .
- As a method of formlng films in such a manner that
10 the values of Eu and DOS increase from the-support side |
_toward the surface sidéé whilezkéeping constant.the l
mixing_:atio'(diiuting ratio).of; e;g;, SiH4'Eo hydrogén
and/or He the dischérge'power'(W/flow) and/or the’ |
.?support temperatu;e (Ts)_may preferably be continuously
15 changéd-with respect to the fiow rate of SiH,.

In'such a,daée; the discharge:power may also be
appropriately selected within an optimum range in
accordance Qith fhe designing of layer COnfiguration,l
where the disCharge.ooweroWith respedt to the flow rate

20 of Si—feeding gas may be changed so as to become
continuously smaller from the'supporf sidé toward'the
surface Sidelpréferably inlthe range of from 2 to 8 -

- times, more pfeferably from 2.5 fo 7 times, and still
more preferably from'3 to 6 times. | |

25 | The temperature of the support 101 may also-be

appropriately selected within an dptimum range in

accordance with the designinglof layer configuration,



- 35 - preferably from2.5 to 6, and still nore preferably from3 to 5. The
t enperature of the support” 101 may al so be appropriately selected within an
optimumrange in 5 accordance with the designing of |ayer configuration.

The tenperature may preferably be set in-+th$range of from 200 to 350[err],

nmore preferably from 230 to 330[err], and still nore preferably from 250 to
310[err]. As a method of formng films I n such: a manner that 10 the

val ues of Eu and DOS increase fromthe support side toward the surface

erti Vo hyar oquekmAde Ml ek b b et | B9, 4L pSttnS. o
tenperature (Ts) refsﬁ_lfﬁl_aé'{]gﬁ £ %}lljou%éff%& Slagap&ggram{:ﬁerespect

to the flow rat é:oé’f err a cas 'scharge power nay also be
appropriately s aﬂgg COf UARGE %6 he
desi gni ng of Ia?élr c%nlflgura %ﬁeirwergf% I SC %n%e‘gf)omer Wt h}:éspect to
the flow rate 2@79°c0f nJrd %@f&&?ﬁy NEyort €250 269 eSl6 G €C ASah@ Qﬁf@ﬂe

continuously smaller fromthe support” side toward the surface sid

preferablysi n th@,rrea@ﬁ@_fgrggqunf&dnp 450 i feszsovee preferably from 2.5 to 7
tinmes, and still nore preferably from3 to 6 tinmes. 25 . The

tenperature of the swp@Edr B hethodlc®H Hirermimg opiims ely sS@dleca afamhéhi n an
optlnun1range in accordance with the designing of |ayer configuration,
that the values of Eu and DOS decrease from the support
side toward the. surface side,'while keeping constant
- the mixing ratio (diluting ratio) of, ‘e.g., SiH, to
10 hydrogen and/or_He'the discharge power (W/flow) and/qr
the supporf température (Ts)'ﬁay preferably be
continﬁousiy changed with respect'to thé flow-réte of
SiH,. | |
in sugh a dase, the discharge'power may also be
15 appropriétely selected within an opfimum rénge in
- accordance with the designing gfglayer configuration,
where the discharge power with respect to the flow rate
of Si-feeding gas may be changed so as to become
continuously smaller from the support-side toward the
20 surfaée side preferably in the range of from 2-£o 8
times, more prefefably from 2.5 to 7 times, and still
. more pfeferably from 3 to 6 times. |
The temperature of the support 101'may also be
appropriafely selected within an optimum range in
25 : accordance with thé designing of layer configuration,
where the temperafuré méy be chahged so as to become

- continuously lower from the support side toward the



- 36 - where the tenperature may be changed so as to becone continuously

| ower fromthe support side toward the surface side preferably in the range
of from 200 to 370C, nore preferably from 230 to 360[err], and still 5
more preferably from 250 to 350[err]. Asfot? a met hod of forrri ng films in
such a manner that the val ues of Eu and DOS decrease fromthe support side-
toward the surface side, whil.e keeping constant the mxing ratio (diluting
ratio) of, e.g., [err] to 10 hydr ogen and/ or He the discharge power

I e T s M
di'scharge power I so _be 15 o] o) t I £ an, opti mum
range in. accordgﬁ?é(ﬁn Wﬁ%@r(fes%%am % 'F ?‘%eq ?:‘gn?é:% (Ea}["él:%% Q%g%e t he

di schar ge power ggth &¢ cSi-feeding gas may be
changed so as to becé%e COﬂtI%ﬁ )/%ggmﬁeﬁééron1the support side toward
the 20 surface siqg Rl aly kfﬁééﬁvé?ﬁ%l@é tF&Mwen® S LtHES, nore

preferably from2.5 to 7 tines, and still nore preferably from3 to 6
times. Thest enpeidicin®dst fillen Siiide 100hdBIistEords HORELMhaRLicdY
selected within an optimumrange in 25 accordance wth the designing of

| ayer confi gur aicomtroMled withire npespmici £1 crayamge ohibtlyerespect to tlkeone
continuously |ower fromthe support side toward the
. total of the flow rates of material gas and dilute gas
and also the flow rate of the gas containing the"
elemenfs belonging'to'Group IIIb or Group Vb of the
10. periodié table may be controlled within alspecific '
range with respect fq the total of the flow rétes_bf'
material gas ahﬁ_dilute gas, whereby as-éimed in thé
presént_invention the téméerature-depehdent_properties;_
.the exposuré membry and the charge potential shift in
15 = continuous charging can be decreased to achieve a
dramatic improvement in image quaiity. |
As previously stated, when, for example,'the'
photoconductive layer 103 is formed by.glow
diséha:giné, basicélly an Si-feeding material gas
20 capable of feediﬁg.silicon atoms (Si), an H-feeding
.'material,gas capable of feeding hydrogen atomé (H)
and/or an X-feeding materiél gas capable 6f feeding
halogen atoms (X) may be introduced in the desired
'gasedus state into a reactor whosg inside can be
25. evacuated; and glbw_disghérge méy be caused to take
pléce in the reactor so that the layer domprised of

a-Si(H,X) is formed on a\given suppbrt 101 previously



- 37 - surface side preferably in the range of from200 to 370[err], nore
preferably from230 to 360C, and still nore preferably from 250 to '
350[err]. 1n order to effectively make treatnment of the 5 ‘outernost film
surface,. the di scharge power may be controBBed within a specific range with-
respect to the total of the flowrates of nmaterial gas and dilute gas and
also the. flow rate of the gas containing the elenments belonging to G oup
lI'lb or Goup Vb of the 10 ~periodic table may be controlled within a

specific range w h?%espect;to th al of the flow rates of naterLaI gas

and dilute gas, SfheP&b§ 9§V§Pn88s§ﬁgt € present invention the

t enper at ur e- dependen nPLRRE' Fh@%antc@e LAY %Hﬁ? &%}%éé}&éi ha{esum

potential shift in 1 confi'nuous ¢harging ca ased to achieve a

dr amati c i nprovgreRt i B1LHRYELaLALE b mAtaliRu i tardf & ark1utegad 0B

exanpl e, the photoconductive |ayer 103 is fornmed by gl ow di schargtng,-

basically an Si yipedsBatepbetoastant ¢ fromaald i feadiaig silicon atons
(Si), an Hfeeding material gas capabl e of feeding hydrogen atonms (H) -

and/ or an ¥-f eegdbpgephes al constamallfe faforf Gedi NP hatodgenx at ons (X) may
be introduced in the desired gaseous state into a reactor whose inside can
be 25 evacuatot, ae glimehdiring gowery nay @raterably e gratrcihedhe
reactor so that the |ayer conprised of a-Si(H X) is formed on a given -
support 101 prespoesl §o be A x B watt, and also the flow rate of a gas
| containing ao element belonging to Group IIIb or.Group
vb of the poriodic table may preferably be controlled
10 so as to be A x C ppm. i | | |
| As for the content of atoms capable of cohtrolling
the conductivity, containcd in the photoconductive
layer 103, it méy also be controlled so as to be in a
soecific range with respect to the'total of the flow
15 . .rates of matcrial gas and dilute gas, whereby the.'
object of the present invention'cén be effectively
_achieved. Stéted more specifically, assume that A
represents the total of the flow rates of a material
gas and a dilute gas and C represents a constant of
20 from 5 x 10™ to_5.x 107°, the flow rate of a gas
containing an element béionging to Group IIIb.oi“Gfoup
Vb of'the_pcriodic table'may_preferably be controlled
so as to'be A x C ppm. | |
. In_the.prcsent_invention,'preferable numerical
25 'ﬁalues for the support.temperature'éﬁd gas pressore
necessary to form the'photoconductive 1ayér may be in

the ranges as defined above. In usual instances, these



- 38 - set at a given position. In this instance, assune that A represents
the sumof the flow rates of a material gas and a dilute gas, B represents
a constant of from0.2 to 0.7 and C5  represents a constant of from5 x
10[err] to 5 x 10[err], the dischargi ng povw® +my preferably be controlled
so as to be A x.B watt, and also the flow rat'e of a gas containing an

el enent belonging to Goup 1tIb-or Goup Vb of the periodic table my

preferably be controlled 10 so as to be A x C ppm- As for the content of

atonms capabl e of controlling the conduptivi%% c0£taiﬂed in the
phot oconduct i ve GORFEHTIQRS ¢an RRE B lpder APBFLESeBAER R Y he in a

oconduct | ve "ey y T e H Ates of
Thierial gas andeheEs, Grbnim) thieSr, aiuls Yo darerafsd o trs,

be ef fecti | g f] -
Caprosent s e ERe HF ity Tl PEEeRlEre, taRaplondREYTEe Hiby the o

and C 1 opr esent S gufOn Aty g Aemned TSV B AL SEditgaTproRLEIEL, (he

flow rate of a gas contalning el enent nging to or Group
Vb of the periodn tvh! foimmag preferably be controlled so as to be Ax C
ppm In the present invention, preferable nunerical 25  values for the
support tenperature aglagfscd Bl e- necessary - to formthe photoconductive .
| ayer: may be in ' . : . :
' In the present invention, the surface layer 104 of
T an emorphous_silicon type may preferably be further
formed on the photoconduetive layer 103 formed oe the
10 support loi'in the manner as described above. This
surface layer 104 has a_free surface 110, and is
provided so that tﬁe objeet of:the present invenfion
can be achieved.mainly with regard to moieture
.resiseance, performance on continuous repeated use,
15. electrical breakdown-strength, service environmental
properties and running performance.
In the'present invention, the photoconductive
iayer'103 constituting the 1ight—receiving layer 102
and the amorphous material forming the surface layer
20 104 each have eemmon constituents, silicon etoms,_and'
hence a chemical stability is weii;ensured at the
interféce‘betWeen layers. |
The surface layer 104 may:be.formed using any
i materials so long as they are aﬁorphous silicon type
25 materials,.as exemplified by an amorphous silieOn
COntaining a hydrogen atom (ﬁ),and/or a halogen atom

(X). . and further containing a carbon atom (hereinafter . -



t he ranges -as defined above. In usual instances, these

- 39 - conditions

can not be independently separately determ ned. Optinum val ues shoul d be

deternined on the basis of nutual and systematic relati
|'i ght-receiving menber having the desired pﬂopertles 5
-Surface Layer - In the present invention, the surface

onship so that the
can be forned.
layer 104 -of an

anmor phous silicon type may preferably be further formed on the :
phot oconductive | ayer 103 fornmed on the 10  support 101 in the nmanner. as

descri bed above. Thlg surface | ayer 104 haiﬁ? free sur
provi ded so t hat @THEC Byﬁét BR BMeTrpheuEnfi;

face 11 nd is

Oft CORTEIRING B MYSFAPShi nly

15 " oPectri cafondoLREoRRELEF oot hLBSER, PRBHC) SRRLAAE FOLZP??tegdaEZe
runni ng perf of NBOGEs L Bnk SnPLESELR a@gﬁngh%gflm obacaadel g | ayer

103 constituti t-rece |ng I"aye

anDrp eri al

forning the suriaseohdyer29sco Ipén%aﬁm & HYUERGCROATHR (B! Sndyidd con

atons, . and hence a em cal sta Ity IS

at t i nterface .

bet ween | ayers. aTﬂalégéﬁaaeanamr) afd mth@rf %bﬁ%‘éih&h@gaaﬁ‘iﬁﬁig@d al's so

| ong as they are anorphous silicon type 25 materi al s,

as exenplified by

an anor phous Slét@ﬁn(herelnafter "a-SiN(H,X)), and an amorphous

silicon contalnlng a hydrogen atom (H) and/or a halogen

atom (X) and further containing at least one Qf a

carbon atom, an oxygen'atom and a nitrogen atom

10 (hereinafter "a-SiCON(H x)), any of which can be

.preferably used.
In the present.iﬁvention; in order

achieve the object thereof; the surface

to effectively

layer 104 is

pfepated by a vacuum deposited film fofming process

15 under conditions appropriately numerically set in_

‘accordance with film forming parameters

so as to

achieve the aesired performances. Stated specifically,

it can be formed by various thin-film deposition

processes as exemplified by glow discharging including

20  AC discharge CVD such as low-freQuency CVD;

. high-frequency CVD or microwave CVD, and DC discharge

CVD; and sputtering, vacuum metallizing,

ion plating,

light CVD and heat CVD. When these thin-film

deposition brocesses are employed, suitable ones are

25 ~ selected according to the conditions for manufacture,

the extent of a load on capital investment in _

equipment, the scale of manufacture and

the properties



contai ning a hydrogen atom (H) “and/ or a halogen atom (X) and further
contai ning a carbon atom (hereinafter: - 40 - "a-Si C(H, X), an anorphous
silicon containing a hydrogen atom (H) and/or a hal ogen atom (X) and
further containing an oxygen atom (hereinafter "a-Si Q' H, X)), an amor phous
silicon containing a hydrogen atom (H). and/or 5 ° a hal ogen atom (X) and
further containing a nitrogen atom (hereinafter "a-Si N(H, X)), and an = .
anor phous silicon containing a hydrogen atom (H) and/or a_hal ogen atom (X)

and further t ai ni t | east | _
nitro;en atoﬁ??@gln£g%§%€@ﬁ§%§§r82§1%9€CNPH%§?cgyﬁﬁﬁ%ﬁ&%mlc aﬁtgg]and 2
Uhe obj cct 1 hor BbPRCTAECRIFARE, mEAYERS, Bodeelly S QS & 0 Y (oo 6

t he obj ect ther repared by a vacuum deposited

filmformng proeesscihyse “B‘}eﬁ.;gﬂ%dkie'c‘é'l%l P Rl Y W cal 1y set

I n accordance n1ng paranmeters so.as to achi eve the desired

perf ormances. SpabedraReel kot By tnil e bROGMITIGD proestiad e (i | m
deposition processes as exenplified by glow discharging including 20 AC

di scharge §VD sgpBtasoh@ucitivauaagerCVD, high-frequency CVD or nicrowave
CVD, and DC di scharge CVD; and sputtering, vacuum netallizing, ion plating,

light CVD and heat CWRen\h&ort baampilel,n-thie mulfars mayexprmﬁemmspd
enpl oyed, suitable ones are.
of a-SiC(H,X) is formed by glow discharging, basically
an Si-feeding material gas capable of feeding silicon
atoms (Si), a C;féeding.material gas capable of feeding
10 _carbon atoms (C),'and an H-feeding material gaslcapable
of feeding hydrogen atoms (H) and/o? an xéfeeding
-materiél gas capable of feeding_haldgen atqms (X) may
~ be introduced in the desired1gaseous state intd a |
'reactéf whose inside can be”evaéuated, and glow
15 | disdharge may be caused to take place in the reactbr so
that thé_layer comprised ofla-éiC(H,X) is'fbrmed on the
support lbl preﬁiouslyISet at a given position and on
which the photoconductive layer 103 has been formed.
As materials for the.surface layer in the present
20 invention, any'amorphous materials containing silicon
may be uséd.- Coﬁpounds with silicon atoms containing
- at leasf one element selected from_carbon, nitfogeﬁ'and
oxygen are preferred; In partidular; those mainly |
composed of a-SiC'are-preférred.
25 Especially,ﬁhen the surface layer is formed of
‘a-SiC as a main constifuent, its carbon content may

.preferably be in the range of from 30% to 90% based on



25 sel ected according to the conditions for manufacture, the extent of a

| oad on capital investment in equipnent, the scale of manufacture and the
properties - 41 - and performances desir e? on el ectrophot ogr.aphi c

l'i ght-receivinng menbers produced. In view & productivity .of
light-receiving nmenbers, it is preferable to use the sanme deposition’

process as the 5 . photoconductlve [ayer. WWen, for exanple, the surface
| ayer 104 conprised of a-SiC(H X) is formed by glow1d|scharg|ng, basical ly
an Si-feeding ari tag_a% Rl &P fafsadi sdt Homs. (Si), a

C-f eedi ng materlg.ﬁ gf?s capa Ie g? fxp%ltif ng 1%% on atons (C), and an

Hfeeding material gag Ct@f@tﬁz%égnﬁ %%W&&Mroﬁfé‘ s’ﬁ:?f@cé Fﬂa}?@ﬂlm4aﬁs
X-feeding - material gas capabl e of feeding hal ogen atons (X)

i ntroduced in t hequyidd ) ARRMHLS Hidrdgu® @cd@@cazm/qum¢g§zhde can be
evacuat ed, -and gl ow 15 di scharge may be caused to take place in the

reactor so that me.aymhmms iteehuse acHayC(dteX)corstd irienk dirorotdeer stgpor t
101 previously set at a given position and on which the photoconductive

| ayer 103 Bas beempemsads: uhborsiest isxins foff cdnstsitdente atoms such has
present 20 - invention, any anorphous naterials containing silicon may be
used. Conpound$§idilcens jartiagish andbare gasentinl and dndispensakienfor

sel ected from carbon, nitrogen and oxygen are preferred. In particul ar,
t hose mai nly 1mprov1ng layer quality, in particular, for improving

photoconductiv1ty and charge retentivity. ,The hydrogen
atoms may preferably be in a content of from 30 to 70

10 atom%, more preferebly from 35 to 65 atom%, and still
more preferably from 40 to 60 aroﬁ%, based on the total
aﬁount of constituent atoms.- The:fluorine atoms may
preferably be in a eontent of from 0.01 fo iS-atom%,
more breferably from 0.1 to 10 atom%, and still more

15 .preferably £rom 0.6 to 4 atom$. | |

The light-receiving member formed te have the

hydrogen content and/or fluorine-content within these
ranges is well applicable as a preduct hithertor
unavailable and.remarkably superior in ite practical

20 use. Mere speeifically, any defects or imperfections_
(mainly comprised of dangling bonds of silicon atoms or
carbon afom35 present-inside the surface layer are
known to heve ill influences on the propertiee required
for electrophetographic light-receiving members.  For

25 example,'eharge performance may-deteriorate because of
the injection of charges from the'free_surface; charge

performance may vary because of changes in surface



-

conposed of a-SiC are preferred. 25 - Especially when the surface
layer is formed of a-SiC as a main constituent, its carbon content may
preferably be in the range of from30%to 90% based on -+ 42 - the total
of silicon atons and carbon atons. In the pd2sent |nvent|on “the surface =
| ayer 104 is required to contain hydrogen atons and/ or halogen atonms. This
i s because they are contained in order to 5 conpensat e unbonded .-arns of
constituent atoms such as silicon atonms and are essential and indi spensabl e

for inproving la allt articular, for inproving photoconductivity
and charge reteﬁ¥ H?d?% ﬁcﬁt%ﬂ¥lﬁﬁ9mﬁPEfe?agry g@ Fﬁ a cont ent

ff 30 70 10 ly f d
gtl I Irom)re :)(r)ef e‘?‘h‘b’r‘i}"?‘? ‘}ﬁ%fﬁg i%plré ﬁéﬁg gs éﬁ”ﬁﬁ%héﬂgget un?nof

tit t at f tent of
PO oot 2 oBaxddie IO LNE SPRCITYePLE! ShoBkXoREY asﬁ "1 Chor e
15 pref er abl o HIUBShdud £i e 81 QP& dLCthsIRimbCEE! &bBSnHEHPEEhBQQEﬁQ to

have the hydrogen content and/or fluorine content wthin these ranges Is

wel | appliaabl e s prRidieion wieht DigheVvia aEhasend ?Egﬁéﬁéhbﬁ egperi or
inits practical 20 use. More specifically, any defects or _

i nperfections (raftdy Imdges sdsrDhg deapeabgdbasdsbetaasei oeneatﬂapment
car bon atonB) present i nside the surface | ayer are
of charges in the defects inside the surface layer.
These can be given as the ill influences. -.
However, the_comtroiiing_of'the hydrogen content
16 in the surface-layer eo_as to be-3Q % by weight or more
| brings about.a éreat'decrease in the defects inside the
.surface leyer, eo that all the above problems can be
solved ahcidramatic imprcvements can be achieved.ih
respecf of electrical properties and high~-speed
;5 . continuous-use performance compared with conVentional
cases. _ | |
On the other hand, if the'hydrogen content in the
eurface Iayer is more than 71 atom%, the hardness of
the surface Layer may become lower, and hence the layer
20 can nor endure the repeated use in some instances.
_Thus, the controlling of hydrcgen content in the
surface layer'within the range set out above is one of
very important factors for obtaining much superior
electrophotographic performance as desired. The
25 hydrogen content in the surface layer can be controlled
according to the fiow rate (ratio) of material Qases;

the support temperature, the discharge power, the gas



known to have ill influences on the properties required for

el ect rophot ographic |ight-receiving nenbers. For 25 exanpl e, charge
performance may deteriorate because of the injection of charges fromthe
free surface; charge performance may vary WBdcause of changes in surface

- 43 - structure in a service environnent, e.g., in an environnent of high
hum dity; -and the injection of charges into the surface | ayer on account of
the photoconductive layer at the time of corona discharging 5 or
irradiation with |ight nmay. _caus henonenon of after images during
repeat ed. use beBLESEULP & r§Bn§HF * charges in the defects insi de the

surface | ayer. These_can _be n as t 1] an RVer
ggn&rglling ﬁ{ t he h§§?g§8&t%8 ahe f&h%luor e sur ace hayer Sugfg%o 3e
o by weig r n r i'nsi de
t he surface Iaygéyggog?héF g’?l %Q‘he a cj)'\gleetgxﬁeobl g{rﬂ?can dl;glsgtsgig%eg\ﬁd
dramatic i npr Ovagﬁat 218" mBRe&C Hitepoddibhilet HoF f flctahRAly idetleitibeartd es.

and hi gh- speed cont 1 nuous-usé performance conpared wth conventi onal

cases. On ghe obBRHshBBEwekh EHTikWH QFMs. FHE Haribor Rtons fiarecHaayer s
nore than 71 aton?y the hardness of the surface |ayer nay becone | ower, and

hence the | ayer s@@facecaayaet ensuae fuletiemeaifecthes € luorione &tutsanoes.
Thus, the controlling of hydrogen content in the
_the surface layer, it also becomes possible to
effectively prevent the bonds between silicon atoms and
carbon atoms from breaking'because of damage cauSed'by
_10 coronas or the like. |
On the other hand if the fluorine content 1n the
surface 1ayer is more than 15 atom% it becomes almost
ineffectlve to generate the bonds between s111con atoms
and carbon atoms in the surface layer and to prevent
15 the bonds between silicon atoms and carbon atoms from
breaking because of damage caused by coronas or the
like. Moreover, residual potential and image memory
may become remarkably seen beoause the excessive
fluorine atoms inhibit the mobiiity of oarriers in the
20 surfacerlayer; Thus,_the controlling of fluorine
content'in the surface layer within the range set out
abovelis one of important factors for obtaining the
desired electrophotographic performance._The fluorine
content in the surface layer can be controlled
3 25 according to.the flow rate (flow ratio) of material,
| gases, the support temperature the d1scharge power

the gas pressure and so forth.



surface layer within the range set out above is one of very inportant
factors for obt ai ni ng nuch-superior electrophotographic performance as

desired.  The 25 hydrogen content in the surface |ayer can be controlled
according to the flow rate (ratio) of matefPal gases, the support
tenperature the di scharge power, the gas - 44 - pressure and so forth.

The controlling of fluorine content in the surface |layer so-as to be mﬁthln
the range of 0.01 atonwbor nmore.al so makes it possible to effectively

te the 5 et I t d 0 { in th
dirTace layer. As dbAE ?IeeﬁPthégﬁPa%rgﬁia%?&#aeh%ﬂha 8 e ayer,
I b I h I
2t oﬁssindeﬁifﬁiﬁgaﬁféﬁ Frifedh. éiave o B Bpr i MR s “ﬁ%?'f%' 4 o

coronas or the I:lﬁée? IuI?e @%Qﬁi: ageikﬁiuhbu%'s@%u%()?%g in the

surface-| ayer is ato cones al I ne ctive to

generate the bq&ﬂélﬁféﬁfénsflibéﬁ”h?&?ﬁ&eén@sﬁibﬁ@%)aE%EE gl %Hﬁ surface
| ayer and to prevent 15 the bonds between silicon atoms and carbon atons

from breaksng bef $ESQ§Had%m€i§HH,§eﬁIlhb.bm@aQﬂ®‘e dffiderihvidis Jdueover,
residual potential and 1 mage nenory may becone remarkably seen because t he

excessi ve fIuorImevﬁéwnﬁflﬂéabiheﬁbelﬁnhahdlyngffe&r&age& D rimad idh
surface layer. - Thus, the controlling of fluorine :
and Si -feeding efficiency, the material may preferably
incluae SiH, and Si,H,. These Si-feedihg matefial gases
may be'used'optionally'after'their dilution with a gas
10  such as Hz; ﬁe, Ar or Ne. | |
' Materiels_fhat.cen eerve_as material gases for
feeding carbon (C) may inc;ude geseous or gasifiable
' hj(drocei'bons such as CH,, CH,, C,H, 03H8 and CH,. In
view ef readiness in handling for 1ayef formation and
15 C-feeding efficiency{ the materiai may breferablyr
include'CH;, CJQ end_CJg. These c;feeding material
gases may be used optionally aftef their dilutioﬁ with
a gas such as H,, He, Af or Ne.
Materials that ean serve as material gases for
20 | feedinglnitrogen or exygen may_include gaseous or
gasifiable compounds such as NH,, NO, Ng),'Noz, o,, COo,
COi and N,. . These nitrogen- or oxygenéfeeding material
_ gaees may be used op#ionel;y after their.dilutien with
a gas suCh;es H,, He,”Ar or Ne.
25 To make it more easy to control the percentage in

whlch the hydrogen atoms are 1ncorporated into the

surface layer 104 to be formed, the films may



content in the surface layer within the range set:- out above is one of
i mportant factors for obtaining the desired el ectrophotographic )
performance. The fluorine content in the surface |ayéer can be controlled 25 -
according to the flowrate (flow ratio) of4ératerial gases, the support
tenperature, the discharge power, the gas pressure and so forth. . 45
Materials that can serve as material gases for feeding silicon (Si), used.
to formthe surface Yayer in the present invention, may include gaseous or

gasifiable silicon hydrid I h

}/\,hl ch can bede:;?rrﬁ:ﬁ#‘%ﬁily Sé%dg‘l”FrgPs %WS%’TE ?gﬂﬂgﬂééél ﬁnhgﬂgfzbr I[g;/(ra]r
ornati on an i-feedin h t I | ud
[err] and: [err]gaQ?ﬁﬁﬂF enc%ﬁfér%ﬁgﬁg§;§§81ggxb§&§é§3a§%¥|pﬂglFye

after their dilution mnth ST ughg r
Mat eri al's that Q%éf?ﬁﬁnégas %ﬁter a? %gs%s ii& gguné cBht¥ening

carbon (C) may

include gaseous,?gar% ?g,hg hyﬁaﬁ;agggnaafrusa ﬁixéarﬁbtaam&eanbne In.

vi ew of readine I'ng for r formtion and C- feeding

efficiency the il efi Rl deypde£ds BltYalss! ﬂﬁecbﬁbﬁ.haﬁmdn[ ofr pluFfagse
C-feeding material gases may be used optionally after their dilution with a

?as such as H2,gpdcid¥ D ébdesﬁiédlmiﬁihbatatao seithoas aayerlal gases
> problems. |
A matetial effective as a material gas for feeding
- halogen atdms may preferably include gaseous or

10 ga51f1ab1e halogen compounds as exempllfied by . halogen

gases, halides, halogen-containing interhalogen

. compounds and silane derivatives substituted with.a
halogen. The material maf also include'gaseous or
gasifiable, halogen-containing silicon hydride

15 compounds constituted_of silicon atoms and halogen

atoms, which can be also effective. Halogen compounds'

' that can be.preferably used in the present invention
may specifically include fluorine gas (F,) and

' interhalogen compounds comprising BrF ClF, ClF3, BrF3,

- 20 BrFs, IF,, IF, or the like. ‘Silicon compounds
containing halogen atoms, what is called silane
derivatives substituted with halogen atoms, may__.
specifically include silicon fluorides such as SiF4 and

' SlQFs, which ate preferable examples.. | |

25 | : In order to control the quantity of the hydrogen

atoms and/or halogen atoms 1ncorporated in the surface

layer 104, for example, the temperature of the support



20 _feeding'nitrogén dfﬁb}YQen may ‘i ncl ude gaseous or gasifiable -
compounds such as [err] [err] and [err]. These nitrogen- or oxygen-feeding
materi al gases nmmy be used optionally after their dilution with a gas such

as [err], He, Ar or Ne. 25 . To make #7 Tore easy to control the
percentage in which the hydrogen atons are inhcorporated into the surface
|l ayer 104 to be fornmed, the filns may =~ - 46 - preferably be fornmed in an

at nosphere in which these gases are further .mxed with a desired anount of

pychogen 92e of SpOsSoRl, Aygbh 97 EOURRARE,FTL R 58, BHcbBensRlohe

Each gas may be ‘miXed not ~on n | ut ‘al'so in

ch gas my be ATy s offe BT IRE SrAgl & specres
or ol o, A ot GFf G CUTY CEroue Sed/OEhafigPhiaRenk e MALCRFGETY aiom

may preferably inGhdidesg@s89Usopin lay HeaSbhtablgelal ogen conpounds as
exenplified by hal ogen gases, .halides, hal ogen-containing interhal ogen

conpounds and sil ane Tigs i ¥a&kbyRSatoRSt dhayed vkigeA Bebmgeand/dke nateri al
may al so i nclude gaseous or gasifiable, halogen-containing silicon hydride
15 conpdinds reiotnsdgént @toné mayi beneeénly dndthiboged dhotbhe shirdhcoean
be al so effective. Hal ogen conpounds that can be preferably used in the
present inventi draymy, spechday cheé | parbtyudenfundfonmlyadiptribuged so as
 for its content to change in the layer thickness
direction of the surface layer. |
In the present iﬁvention, the éurface layer 104
10 méy preferably alsd?cbntain atoms capable of |
~controlling ité ccnductivity as occaéion calls. The
atoms capable éf controlling -the conductivity may be
contained in the surface 1ayer 104 in.én événly '
.unifdfﬁly distributed staté,.ér may;be.containéd partly
15  in such a state that they are distributed non-uniforﬁly
in the layer thickness direction. .
The atoms capable of controlling the conductivity
May include what is called impurities, used in the-
field of semicondudtors,_and_it is possible-to use
20 atoms belongingito'Group-IIIb of the periodic tablé
| .(hereinafter "Group IIIb atoms") capable.of imparting
p—type conductivity or afoms belonging to Group Vb of
the periodic table (hereinafter “Group'Vb atoms")
capable of imparting n—type.conductivity. 
25 : Thelequp I1lb atoms may.specifically include_'
lbbron (B), aluminum (Al), gallium'(Ga),'indium (In) and

thallium (Tl). In particular, B, Al and Ga are



i nt er hal ogen compounds conprising BrF, AF, [err] 20 [err] or the like.
Si licon conpounds containi ng hal ogen atons, what is called sil ane :
derivatives substituted with halogen-atoqpﬁﬂ¥ay specifically include

silicon fluorides such .as SiF4 and [err],

I'n order to control
I ncorporated in the-

ch are preferable exanples. 25
the quantity of the hydrogen .atons and/or. hal.ogen atons
surface l'ayer 104, for exanple, the tenperature of the

support - 47 - 101, the quantity of materials used to incorporate the

hydr ogen at ons i OO Bup 5 JiShbanse Heueifonsh B inclidany

be controlled. The c

arbon atons and/‘or oxygen atonms and/or 5 = nitrogen

atoms nay be evemosgliorid R £d dbddie SUad RC cahBiimony Of StRyaie phasmiyh
non-uniformy di'stributed so as for its content to change in the |ayer.

thi ckness directigan.

surface | ayer 104 10
controlling its cond
control ling-the cond

of trhedtictkart Ay®rand nas hererpseférredent i on, the
may preferably also contain atons capabl e of :

'MHe \dtomsh capabske ot caphtrollhingt the copductivity,

uctivity may be contained in the surface |ayer 104 in

an evenly @nif orountadined i butthe ssunrfacerlaygr bt04ortay eteferablyiBe  in
'such a state that they are distributed non-yniformy_ in the Ia<a‘££¥gkness

direction. The dromn anaunt of feemrbixi kg

the dofiddfi ik pem,

preferably'from 1 x_104_tp 5 x 107 atom ppm, and most

preferably from 1 x 10" to 1 x 10? atom ppm.

In ordér-td structurally incorporate the atoms

10 capable of controllirng the conductivity, e.g., Group

IIIb

atoms or Group Vb étoms, a starting material er

| inéorporating Group IIIb atoms or a starting material

for incorporating Group Vb atoms may'be fed, when the

iayer'is formed; into thefreactor_in a gaseouS'staté

15  together with other gases used to form the surface

-léyer 104. Those which can be used as the starting

material for incorporating Group IIIb atoms or starting

material for incorpdrating Group Vb atoms should be

selected from those which are gaseous at normal

20 'temperéture and normal pressure or at least those which

can be readiiy gaéified under conditions for the

formation of the photoconductive layer. Such a

starting material“for incorporating Group IIIb atoms

may specificélly include, as a material for

25 incdrporating boron atoms, boron hydrides such as B,H,,

B,H,,, BsH,, BgH,, and B,H,,, and boron halides such as BF,,

BC1,

and BBr,. Besides, the material may also include



may include what is called inpurities, used in the field of sem conductors,
and it is. possible to use 20 atons belonging to Goup Illb of the _
periodic table (hereinafter "Goup Illb atons") capable of inparting p-type
conductivity or atonms belonging to Group-V#%f the periodic table
(hereinafter "Goup Vb atons") capable of inparting n-type conductivity. 25
The Group Illb atons nmay specifically include boron (B), alunmnum (Al),
gallium (G), indium(In) and thallium (Tl). -1n particular, B, Al and Ga
are .- 48 - preferred Th oup Vb atons may specifically include
phosphor us (P),Gapgen?%d(gg?ﬁﬂgﬁfinDny (Sb) and bismuth (Bi). In.

par t1cul ar, P and ASace pielqriednstne. o O danable ey GaRld dd i the

conductivity, 5 contal ned in'the sur ayer 104, nmay preferably be in

an amount of {1 giek foi0beileiet ot 1keotbOmPTRAIPI Hieses akdy from

1 x 10[err] to atom ppm and nost preferably from1 x 10[err]

to 1 x 10[err] 3LEALRARM gl a0 mdlertiQ 1S ted il podatiitip Prsspidrusit ons 10
capabl e of controlling the conductivity, e.qg., oup Il'lb atons or Goup Vb

atoms, a skarti pgofRt ephdsphorus taidIdidid dh @ BH,| hndt By, @nda starti.ng
material for incorporating Goup Vb atons nmay. be fed, when the |ayer is

forned, -into thghosphiorfus haligeer @ikclstes PFLS PFsf 0Bl hHePClist hPBrheandases
used to formthe surface | ayer 104. Those which can be used as the '
starting - PI,. Besides, the material that can be effectively used
as the stérting material for incorporating Group Vb
‘atoms may also include Asﬁa, AsF,, AsCl,, AsBr,, AsF,,
10 SbH,, SbF,, SbCl,, BiH, and BiBr;.

Thesé'starting materials for incorporafing the
atoms capablé of controlling the conductivity may be
uSed'optionallf after their dilution wifh.a gas such as
H,, He: Ar or Ne.

. 15 The surface 1ayér 104 in the_pfeSent invention may
preférably be formed in a thickness.of frdm 0.01 to 3
pm, more preferably from 0.05 to 2 pm, and still more
preferably from 0.1 to 1 um. ' If the layer thickness is
smaller than.0.0l pm; the surface layer tends to become

20 iosf'because of fridtion_of the like during the use of
the light-:eceivihg member. If it is larger than 3 pm,
a lowering of.electrophotogfaphic performance such as
an'increasé'in residual potential may.occur}
| The surface layer 104'accordihg to the préSent
25 invention is ca:efﬁlly formed so that the required'
' perforﬁancés can be impartéd as desired. More

specifically, from the structural viewpoint, the



material for incorporating Goup Illb atons or starting material for

I ncorporating Goup Vb atons should be selected fromthose which are
gaseous at nornmal 20 - tenperature and nornml pressure or at |east those
whi ch can be readily gasified under conditi®%hs for the formation of the
phot-oconductive layer. Such a starting material for incorporating G oup
I11b atons may specifically include, as a material for 25 ‘i ncor por ating
boron atons, boron hydrides such as [err] [err] and [err] and boron

hal i d h ' . [e d .. Besi d. th terqal I -

el ude - a0 et A St £ ERE VA BRSHPREL | vely used
lude - 49"fEH CANMGL : Bot i vel

material for | nEBPSRR A hodi oreih Shal bnd bE S GO Bl S o

as [err] and [erg]q g]rid) -Qh%{&ﬁ{%?; eh%]i&_st CfofR b£TftofCryStd] - such

Besi des, the materi t hat can ectively used as the starting materi al

for incorporati g GAYREEIOBr TSy d68]l UES gﬁﬁfﬂha&g [err]. These

starting materials for incorporating the ‘atons capabl e of controlling the
conduct i vi tgy nmay gendisieth XI5t i tEY ey & {'Bion-hediochtysitaDn) vdépesdgag Shich as
[err], He, Ar or Ne. 15 = The surface |ayer 104 in the present
Invention may the conditions for its formation. From the viewpoint
of electric_propefties, it exhibits thé nature of ffom
conductive to seﬁiconductive and up to insulating,:and
also fhe nature'of'from photoconductiVe to
10. _non4photoconducfive, Accgrdingly, in the present
invention, the condit;ons for:its férmation are
 severely selected as_desired so that a dompound having
the desired propertiés as intended can be formed.
ffor eiampié, in order to pfovide'the surface laYer-
15' - 104 mainly for the purpose of.improving its breakdown
strength, the compound is prepéred as a | S
non-monocrystalline matefial having a remarkablé
electrical insulating behavior in theISerViCe
environment.
20 When the surface layer 104 is provided mainly for
| the purpose 6f improving the'performancé on continuous
repeatedluse and service enviroﬁmental p:operties, the
compouﬁd is formed aé a non—monoérYstalline material
having becdme lower in its degree of the above
25 electrical.insulating properties to a éertéin extent
and having a certain sensitivity to thé light with

which the layer is irradiated.



preferably be formed in a thickness of from0.01 to 3 pm nore preferably

from0.05 to 2:pm and still more preferably fromO0.1 to-1 [err]lm [|If the
| ayer thickness is smaller than0.01 pm the surface |layer tends to becone
20 | ost because of friction-or the |like "urt+ng the use of the

| i-ght -receiving menber. If it is larger than 3 pm a | owering of
el ect rophot ogr aphi ¢ performance such as an increase in residual potenti al
may occur. The surface |ayer 104 -according to the present 25 invention

is carefully formed so that the required performances can_be inparted as
desired. More speci fitf4T9eT ¥ HQHR e (BETFaFe 1avphi 194 hawing theg .

t i al tituted i t | t o {. | ted f th
etert o] conet Lt o oo S50t cope SLemeny el ehetolfom e grour
~yst al h I I al . .m yst al 5 i [ 1
Crystal such as A ery ety L SEL Yokl 8, A0R" OROU SeuppbBEnipl ol
From Lo 1 2Pl S| b BN S0e | 0 Blbdse ek o o T1oT

from phot ogonduGdpi@gisibly SWR-PHSsPRCyctive.  Accordingly, in the.
present invention, the conditions-for 1ts formati on are.severely sel ected

as desired so that am@ﬁ%ﬂﬁbf&l&ﬁf& (1e) aesi tied HuEPPSE£ | BO1 aray Nbended can
be formed. For exanple, in order to prdvide the surface | ayer

appropriately selected within an optimum range in
accordanée'with'the designing of layer configuratidn.
In usual instances, the temperature may preferably be

10 set in the rangé of from_ZOO to 350°C, more preferably
from 230 to 330°C,-and still more preferably from 250
to_316°c., | '_ | |

?he géé pressﬁre inside the'feactor'may also be

'apprqpriately.selected wifhin'an_optimum.range in

'15 éccordance with the designing of layer configuration.
The pressqfe_may preferably be.in the rangeiof ffom 1 x
10™ to 10 Torr, more preferably from 5 x 10™ to 5 Torr,
and still more preferably from 1 x 102 to 1 Torr.

In thg present invention, preferable numerical

20 values for fhe support'temﬁerature and gas pressﬁre
necessary to form the surface layer may be in the
'ranges as definéd above. In usual iﬁstances, these
-conditions.can not be independently separateiy
 determined.. Optimum values should be determined on the

25 basis of mutual and s?stematic relationship so that the
iight-receiving member having the desired properties

can be formed.



15 104 mainly for the purpose of inproving its. breakdown strength, the
conmpound i s prepared as a non-nonocrystalline material having a renarkabl e
el ectrical insulating behavior in the service environnent. 20 o When
the surface layer 104 is provided mainly £092the purpose of inproving the
per formance on continuous repeated use and service environnent al .
properties, the conmpound is forned as a non-nonocrystalline material having
beconme lower in its degree of the above 25 el ectrical insUIating

properties to a certain extent and having a certain sensitivity_to
l.i ght with which the3Phy€We|Er¢$?%HléP%ﬂntion b inFﬁrBFﬂéPtFolpgﬁﬁlﬁﬁe

f I 104 h t t hat th bj ect
of 1 he prosont R | D95 TRHPE) 0T ﬁéf'?%@a‘@ﬁﬁﬁﬁf“f?n BCHE BAERERL "

Pemeratur o (o i p ket $tats énd pERAR3R, BanY, Shkar BndCRuERbkey on
optinunlrange||1é¥§§)ﬁ§grﬁév¥&£%ﬁg@ %@é?gaéggbgﬁwéé%eehgonflguratlon In.

usual instances erature may era set in the range

of from 206G to 35&Sddn aﬁ@éfvérféfé@béxdfeﬁ@ 23Pehe38R)8F ] TROE $ki !

more preferably from250 to 310[erT]. The gas pressure inside the reactor
may al so be: = effective for more improving performances such as

.charge'performance.
-Between the surface layer 104 and the
photoconductive layer.103 there mey also be provided-
10 .Wlth a region in which the content of carbon atoms
and/or oxygen atoms and/or nitrogen atoms changes in -
the manner that it decreases toward the photoconductive
layer iOS. This makes it possible tc iﬁproﬁe the |
adhesion between the surface layer and the
15 photoconductive layer,.and more decrease an inflnence
of interference due to reflected light at the interface
between the layers.
- Charge Injection Blocking Lafer -
iIn the electrophotographic light—receiving member
20 of the present invention, it is more effective to
provide between the conductive snpport and the
' photodonductive layer a charge injection blocking.layer
having the function to block the injection of charges ,'
from the conductive support Slde. More specifically,
25 the charge injection blccking layer has the function to
prevent'charges.from'being injected from the support

side to the photoconductive layer side when the'



appropriately selected within an optimumrange in 15 accordance with the
desi gning of layer configuration. The pressure may preferably be in the
range of from1l x 10[err] to 10 Torr, nore eferably from5 x 10[err] to 5
Torr, and still nore preferably from1 x 1 érr] 'to 1 Torr. In the present

I nvention, preferabl.e nunerical 20 val ues for the support tenperature
and gas pressure necessary to formthe surface |ayer may be in the ranges
as defined above. In usual instances, these conditions can not be

i ndependent |y sepanalatacaal S Neshr {PliabiayebdcsostRaLgiRg dat arm ned

on the 25 basi s of nmutual and systematic Telationship so that the

li ght - recei vi ng deytern heoi &6 ¢ conlept s eflr&s 09EF £AE66, CaRd hexhopies. no - 52
- In the present invention, an I nternedi ate |ayer. (a | ower surface | ayer)

having a smmIeﬂsunnnﬁuﬁctﬁoﬁmwﬁémlsuhﬁﬁctéuyﬂ@nchangrngnﬂnnatregersetons
than the surface |ayer may be further provi ded between the 5
photoconduct|vepoﬂarityujWHmnhnisamhatayercallédspokasitgcdepenﬂencenre

i nprovi ng perfornmances such as charge perfornance. Between the surface
layer- 104 &nd t He phesier orriugwpazt |syeh fwsctiowrs eatiens aFapabeppyi ded 10
with a region in which the content of. carbon atons and/ or gen atons
and/ or ni t r ogen SRR IHNG ekts crAuUGEHALEY t#5@ fRCeER? Eﬁé iBward the

phOtocondUCtiVecontemt relatively large content compared with those in
.the photoconductive layer.
- The atoms capable of controlling the conductivity,
‘10 contained in that layer, may be evenly uniformly
distributed in the layer, or'may be evenly contained in
the layer thickness but contained partly in such a
state that they are distributed non-uniformly. .In the
case when they are distributed in non-uniform :
15 concentration, they may preferably be contained so as
to be distributed in a larger quantity on the support
.side. | y
In any case, however, in the in-plane direction'
parallel.to_the surface of the support, it is necessary'
20 for such atoms to be evenly contained in a uniform
distribution so that the properties in the in-plane
direction can also be made uniform. |
The atoms capable of controlling the conductiVity,
incorporated in the charge injection blocking layer,
25 may include what is called 1mpurit1es used in the field
of semiconductors, and it is pOSSlble to use atoms

“belonging to Group IlIb of the periodic table



| ayer 103. This makes it possi ble to i nprove the adhesi on between the

surface | ayer and the 15 phot oconducti ve | ayer, and nore decrease an

i nfl uence of interference due to reflected light at the interface between
the layers. - -Charge Injection Blocking l-ayp = In the el ectrophot ographic

| i ght-receiving nmenber 20 of the present invention, it is nore effective:

to provide between the conductive support and the photoconductlve | ayer a
charge. injection biocklng | ayer havi ng the function to block the |nject|on

of charges from e conductlwp support_side. ifica

charge injecti oﬁ qrayé%r‘ﬂgg T rakmns |\/g %?Jg‘\a/e ’c‘Pégr‘ é%ngro
being injected fr the s i de to . the oconduct | v sj.de when
thle t_ 53 -tI ng reeéza ‘%a: é&é’ P %W%&%o?%l%aédél i %eVbc%?t a![ nOI .
polarity on its gre r : 4, Subj ecte
to charging |n tfh &e%éé‘%‘o :}rl %% '%gc‘fe?t&ﬁ@rl)ty :
dependence. éﬁed‘ﬂf 1(;\1 %r;r?corgéoyrat g‘%ﬂﬁbtf& capabl e of

controlling |ts con uctivity are | in a content relatively Iarge
content cospared ‘W t FHN@FHUY 11D Wmﬁﬁé@ifﬁyﬂl% Tﬂﬁ:ﬁm capabl e

of controlling the conduct|V|ty, 10 . contained in that 1ayer, may be
evenly unifornl podiotl (Bt eduni ke (AygEr galiliwy (@aky emd/imn(cmneéhdn
thallium (T1l). In partlcular B, Al and Ga are
preferred. The Group Vb atoms may specifically include '
phosphorus (P), arsenic (As), antimony (Sb) and bismuth
iO. (Bi). ~ In particular, P and As are preferred.

The atomS-qapable of controliing the conductivity,
containéd in the chérge injection blocking layer in.the.'
preéent invention, may preferably be in ah amount of
from 16 to 1 x 104 atom ppm, more preferably from 50 to

15 5 # 10*® atom ppm, and still more prefe:abiy from 1 x 107
to 3 x 10° atom ppm which may be appropriately
determined as desired so that the object of the present
invention can be effectively achieved.

The charge injection.blocking layer may be further

20 incorﬁorated'with at least one kind of ca:bon atoms,

nitrogen atoms aﬁd oxygen atoms. This éenables more
improvement of the adhesion between the charge
-injection blocking layer and other layer provided in
direct contact.theréwith.

25 _ -The_carbon étoms, nitrogen atoms or oxygen atoms
contained in that layer may be evenly uniformly

disttibuted in the layer, or may be evenly contained in



the layer thickness but contained partly in such a state that they are

di stributed non-uniformy. In the case when they are distributed in

non-uni form 15 .. concentration, they may preferably be contained so as to
be distributed in a .larger quantity on théfghﬁbort side. In any case,
however, in the-in-plane direction parallel to the surface of the support, -
it i's necessary 20 . for such atoms to be evenly contained in a uniform

di stribution so that the properties in the in-plane direction can also be

d i f : ' pab f ' ] L V]
?ﬁcgrgglfa?;gn [ It&?’ﬁgtlc At S@ﬁ%@&%%ﬁﬁ%&#é\%%‘%%‘?%éd \r%%ly?]f%lﬁae what

is called i mpurigyicRs sUSAddd i fﬁ‘%ﬁﬂé&fﬁf‘f‘?o @r&nﬂn@'ﬁc&%ﬁy. -

possi ble to use atons belonging to f the periodic ta

- (hereinafter i@ awy Wade AtrRRREYeANED e 1A Prrid N Radtfsn conduct i vi ty
or atons belonging to Goup Vb of the periodic table (hereinafter "Goup Vb

atons") capabLeF@EaumﬁﬂrwdutHétsuﬁfdﬁéubiﬂﬁhéFshpﬁbrt, it idhsedessgryl | b
atoms may speciftically include boron (B), alunminum(A), gallium(Ga),

i ndi um (1 np and folralsichmatbms tHo hrareveniarcori;aidledinth Ga unmikfqrmef er r ed.
The G oup Vb atonms may specifically include phosphorus (P), arsenic (As),
anti nony (Sb) addsfsrdipmtiior) so BiY) the pynpeytissrin Fthendinplane
preferred, direction can also bé madé uniform.

'The carbon atoms and/or nitrogen atoms and/or
oxygen étoms contained in thelwhole layer region of the
10 chargé injection blocking layer in the present -

_invehtion may préferably be in an amount,'as an amount

of one kind thereof or as a total of two or more kinds,
of from 1 x 1073 to 56 atom$%, more prefetably from 5 x
104't6-30 atoﬁ%, and still more preferably from 1 x 1072
15 té 10 atom%, which may.be appropriately determined so
'that'the'object'of:the'present invention can Be
effectively achieved.
Hydrdgen atoms/ and/or halogen atoms may be
contained in the cﬁarge injection blocking layer in the
20 préSent in&éntioh, which are effective fof compensating
‘unbonded arms of constituent atoms to improve_film
quality. ,Thé'hydrogen atoms or halogen atoms-or the
total of hydrogen.atomé and haloéen atoms in the charge

- injection blocking layer may preférably be in a content .
25 of‘from 1 to 56 atom%, more preferably from 5 to 40 k
atom%,.and still.more preferably from ld to 30 atbm%.

 The charge injection blocking layer 105 in the



The atons capable of controlling the conductivity, contained in the charge
i njection blocking layer in the present invention, nmay preferably be in an
amount of from10 to 1 x 104 atom ppm nore preferably from50 to 15 5 x
10[err] atom ppm and still nore preferabl $6from1 x 10[err] to 3 x 10[err]
atom ppm which may be appropriately determ ned as desired so that the

obj ect of the present invention can be effectively achieved. The charge

i njection blocking |ayer may be further 20 incorporated with at |east

ki nd of b itr Thi s bl
Tore | mor ovenorPeBrenRe nyRbial Bedl S 12 b%%?’gee SRR (4, i ocki g
| ayer and ot her. %&Xﬁhe%o&d%@ohnod'lr & 50%’& ot ?r%\@egaﬁ;ép fzom 0.3 The
‘con

carbon atons, rogen atons oOr en ato ayer nay be

evenly uni f or n1 ¥o dhs&fgl b'éhﬁdsltﬁltlhﬁ\olr%y?' efdird tﬁ.&y@ly &P eid“ped in

- 55 - the - layer thickness direction bu néd partly in such a state

that they are disgt %hauaa eRORhYBKheSH Ys |sﬁta@.'l)ézc%n oveyal, the the
in-plane direction parallel to.the surface of the support, it is necessary

5 for sgch agBiBity ke BIoeky thentiajerdtich afuriHarigasdisrion Hd on so
that the properties in the in-plane direction can al so be made uniform The .
carbon atons angdappontt magebe&bmesmsuﬂf(fricbeu;ertcntch‘uaimmoal ned in the
mhole Iayer regi on of the
satisfactory charge performance. Even if it is made
larger than 5 um, the time taken to form the layer
becomes 1onger to cause an increase in production cost,
10 rather than a substantial improvement in
electrOphotographic performance.
| To form the charge injection blocking layer in the
_present 1nvention, the same wvacuum deposition process
as in the formation of the photoconductive layer
15 previously described may be employed.
In order to form the charée injection blocking
layer 105 having the properties that can achieve the
-.object of the present invention, the mixing proportion
of Si-feeding gas and dilute gas, the gas presSure
20.. 1nside the reactor, the discharge power and the
temperature of the support 10 must be appropriately
set.
" The flow rate of H, and/or'He as dilute gas may be
appropriately selected mithin an optimum range-in
25 accordance with the designing of 1ayer configuration,

and H2 and/or He may preferably be controlled within the

range of from 1 to 20 times, more preferably from 3 to



10 ‘charge injection blocking layer in the present invention may
preferably be in an ampbunt, as an ampunt of one kind thereof or as a total
of two. or nore kinds, of from1l.x 10[err] to 50 aton?g nore preferably from
5 x 10-3 to 30 atonty and still nore prefeddbly from1l x 10[err] 15 to
10 aton?y which may be appropriately determined so that the object of the
present invention can be effectively achieved. Hydrogen atons and/or

hal ogen atons may be contalned |n the charge injection blocking Iayer in
the 20 present i nvention, are effec | or co nsangngtu bonded

arms of constitd@ntifeSns at't.‘)i 959 R d"l"% OTR” or

hal ogen atons or th tot of , .hydr ogen at omns and halogen atons in the
charge injectio 3q é%%#%ﬂgﬁgﬁ%mly be in a content 25 _of

from1l to 50 atont f
prettne_rab?)y.-frgmoloqt%%eﬁea%t&é%n%gggdé njectl é@%? I'ng Iayeé@r185 I n
the - 56 - {Tﬁ&%&; %Vt%lg %1@%&%%@&@%5%@{# #dhge tin ckness of

fromO0.1 to 5 p omO0.3to 4 pm and still nore

preferably froma%c%rdathc% hered ”Ehé fadd¥gn B0 hi &yee ssonsigupatont han
0.1 pm the 5 ability to block the s%h?\gjectgljon of charges fromthe support

may become i nsuifher igiisdur sy hrefardb By dsé oy thergengerdédrfemwel xEven
if it is made larger than 5 pm the time taken to formthe |ayer
© 10™ to 10 Torr, more preferably from 5 x 10 to 5 Torr
and still more preferably from 1 X 10’3 to 1 Torr.

The discharge ‘power may also be appropriately

10. _selected within an optimum range in accordance with the
designing of layer configuration, where the ratio of
the discharge power to the fiow rate of Si-feeding gas.
may preferably be-éet in the range of frOm-l.to 7, more
preferably from 2 to 6, and still more preferably from

15 3 to 5. | |

| . The temperature of the support 101 may also be
appropriately selected within an optimum range in
accordance with the designing of layer configuration.
The_temperaturelmay preferably be set in the range of

20 from 200 to 350°C, more preferably'from 230 to 330°C,

" and still more preferably from 250 to 310;C.

In the present invention, preferable numericél
values for the dilute gaé mixing ratio, gas pressure,
dischargé power and support.temperature_neCessary to

25 - form the charge injection blockiné.layer may be in the
ranges as defined above. In usual instances, these

conditions'can not be independéntly separately



beconmes longer to cause an increase in production cost, 10 rather than a
substantial inprovenent in electrophotographic performance. To formthe
charge injection blocking layer in the present invention, the sanme vacuum
deposition process as in the formation of- t¥e phot oconductlve | ayer 15

previ ously described may be enployed. I'n order to formthe charge injection
bl ocking | ayer 105 having the properties -that can achieve the object of the -
present invention, the mxing proportion of Si-feedi-ng gas and dilute gas,

the gas pressure 20 . inside the reactor, the d ower gnd the
t enperat ure of tq‘?é:%’i?ﬁﬁ'tﬁq 1 PR Apump 7 %Jp‘b‘?%pﬂ‘%‘t‘ie&yg ‘get ’ﬁ’B”f’?gv\PPaFQeof

Fange in 25 B8 “t?ﬁf‘% 4 G R tntte -E %ﬁ%éﬁe%?tg%éél Al tha "
“and/ 1
%' 11 o, ?n!r?ep St f%%%ﬁf?”“@#&%&“#ﬁ%é& efioeire T 1

preferably from fﬂé&@)tlnes based on the Si-feeding gas. The gas
pressure inside the reactor may al so be appropriately selected within an

optimumramge in 5 IRGEIHOSEE ¥ tthd Neofesh ong NaiRfthayer configuration.
The pressure may preferably be in the range of from1 x 10-4 to 10 Torr,
nore preferably lettrophdbgrdghic Thight~receiving member of the
| present invention, the 1ight—recéiving layer 102 may
.'preferably have, on its side of the support 101, a
layer region in‘which at léast aluminum atoms, silicon;
10 atoms and hydrogen atoms and/or_halogen atoms are
| 'containea in such a state that they are distributed
non4uniformlf in the layer thickness direction.
In the electrophotograpnic_ligthreceiving member
of tha present invention, for theﬂpurpose of mbre
15 '-.improve the adhesion.between;the support 101 and the
| photoconductive layer 103 orlcharge injection blocking
layer 105, an adhérent layer may be provided which is
. formed Af, e.g., si,N,, Si0,, SioO, or an amorphous
material mainly compased of silicon atoms and
20 - containing hYdroéen atoms and/or_halogen atoms and
carbon atoms and/or oxygén atoms and/or nitrogen atoms.
A light absorption layer may also be provided for |
preventing occurrence of interference fringes due to
the lighﬁ reflected from the support
25 ' Apparatus and film forming methods for formlng the
light-receiving 1ayer w1ll be described below in

_deta;l.
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and still nore preferably from1 x 10[err] to 1 Torr. The di scharge power
may al so be appropriately 10 = selected within an optimumrange in _
accordance with the designing of |ayer configuration, where the ratio of .

t he discharge power to the flow rate of Si-F%®eding gas. may preferably be
set in the range of froml to 7, nore preferably from2 to 6, and stil

nore preferably from 15 3 to 5. The tenperature of the support 101 nmay
al so be appropriately selected within an opti numrange in accordance with

t he designing of layer configuration. The tenperature may preferably be set
in the range of 20 FiG-or GrAmtiGally bk st e®Sibte from 230 to

330[err], and still nore preferably from 250 to 310[err]. In the present

i nventi on, pref&P?ﬁq%FHFﬁﬂq(9#-Qﬁﬁ%ﬁﬁ???ﬁdt?ﬁﬁmﬁt%n?igé& IRREFTRINS: FOT gas
pressure, dischar wer .and support .tenperature necessary 1o.25 ~ form

t he charge injeEF%@#a%qﬂﬂﬁﬁﬁ)é%é%%rQRﬂﬁégbqﬁPQ{ﬁei%é&ﬁﬁféieiﬁﬂ?%ed'above.

I n usual instan did| > VAT ) y

|1 sl | 1St o0 Gimeld $57 15U R AP P JJKPEY S YRS UELY
nutual andssyst epRidreRlrlid Y RP bddil (HErstidfce: Idugnpaving the
desired properties can be forned. ‘5 I'n addition to the foregoing,

in the el ectrophgFogioupvix | it PrsRiot 1th Eppera®ls (difown in Fig. 2

is constituted in the following way.

This apparatus is mainly constituted of a
s-depositioﬁ systsm'2100, a material gas feeq system 2220
iO and an.exhaust system (not shown) for eﬁadﬁating the
 inside of a reactor 2111. 1In the reactor 2111 in the
deposition system 2100, a cylihdr;bal support 2112, a
suppbrt heater 2113 and a material gas fesd pipe (not
shown)'sre prbvided. A high-frequency matching bdx
15 2115 is also csnnected to the reactsr, | |
| The material gas feed system 2220 is constituted -
of_gas cjlinders 2221 to 2226 for material gases such
as 'sm‘, 'GeH,, H,, CH,, B,H, and PH,, valves 2231 to 2236,
2241 to 2246 and 2251 to 2256, and mass flow |
.20 . controllers 2211 to 2216. The gas cylinders for the
respective material gases are cbnnected to a gas feed
pipe 2114 in the reactor 2111 through a valve 2260.
Using this apparatus, deposited films'can.be
formed, e.g., in the following way.
25 .~ The cylindrical support 2112 is set in ths.reactdr
2111, and the inside of the reactor 2111 is evacuated.

by means of an exhaust device (not shown).
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pr esent i nvention, t he Ilght-rece|V|ng Iayer 102 nay preferably have, on
its side of the support 101, a layer region in which at |east alumnum
atons, silicon 10 atons and hydrogen atons and/or hal-ogen atons are
contained in such a state that they are di 80rbuted non-uniformy in the

| ayer thickness-direction. In the el ectrophotographic |ight-receiving
menber of the present invention, for the purpose of nore 15 = inprove the
adhesi on between the support 101 and the photoconductlve Iayer 103 or

enrohi s or e gpeSgiERtLYS) Fhe 1%3@% S B SURRDEY i%ﬁ.v'rﬁdid
composed of silaaan-8190R 200a20sgent Al BLNRAY oogn 210

e
hal ogen at ons and carbon a gen af ons dn rogen atons. A

l'i ght absorptiop,l §46kc ﬁay ﬁla Bsbsfp‘i:i%' fkaqther 2118V Rl RBaRGTY ﬁ:‘ffé?e of
due 1o .

I nterference fringes e |ight l'ected ron1the support.
Appar at us and fggﬁ%égfging nethods for formng the. Ilght-rece|V|ng Iayer
wi || be descri be elowin detail. =~ 59 - Fig. 2 diagrammatically

illustrates the consBefbtéOnaebraapr gheesedoeX ToRINEng! deposiredatfilisor
produci ng the el ectrophotographic |ight-receiving nenber by high-frequency .
pl asma- assi st edat¥Dfhekedginte She reactoeq2aidi,egasfi cirifibdests viallees naft er

simply '2231 to 2236 and a leak valve 2117 of the reactor are
checked to meke sure that they are closed, and alse
flow-in valves 2241 to 2246, flow-out valves 2251 to
10. 2256 and an auxiliary.valve 2260 are checked to make
| sure that they are opened. Then, firstly a main valve
2118 is opened to evacuate the iﬁsides of fhe'reector
2111 and a gas pipe 2116. .
' Next at the time a vacﬁum gauge 2119 has been
15 read to indicate a pressure of about 5 x 10°¢ Torr, the
auxiliary valve 2260 and the flow-out valves 2251 to
| 2256 ‘are closed. | |
: Thereafter,-ges.cylinder valves 2231 to 2236 are
opened so that gases are respectively ihtroduced from
20 gaslcylinders 2221-£o 2226, and each gas is controlled
to have a pressure of 2 kg/cm? by operating press&re
controllers 2261 to 2266. Next, the flow-in valves
12241 to 2246 are slowly opened so that gases are
respectively introduced into mess flow controllers 2211
25  to 2216.
After the film formation is thus ready fo start,

the reépective layers are formed according to the
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"RF-PCVD'). The'production'appératusléhomn fn'ng. 2is cdhsfitutéd Fn,the o

followng way. This apparatus is mainly constituted of a deposition system
2100, a material gas feed system 2220 10 and an exhaust system (not
shown) for.evacuating the inside of a reacfér-2111. In the reactor 2111 in
the deposition system 2100, a cylindrical support 2112, a support heater
2113 and a naterial gas feed pipe (not shown) are provided. A '

hi gh-frequency nmat chi ng box 15 2115 is al so connected to the reactor.

The material ga . SYS 2220 is constituted of gas cylinders 2221 to
2226 for materi%‘I’ig‘g‘glééaségﬁ]cﬁéu?gr'r]and [err], valves 2231 to 2236, 2241

to 2246 and 2251 to Zg5 heaﬂﬂmaaéﬁefEgggéﬁrifagogh?gbk%f%1%%1£aEPh%%#Q:

The gas cylinders for the.respective rial gaseS are connected to a gas

feed pipe 2114 in,iheceppetatusd] lsbReOHEBedsudlY 218208utUvhigesh 2251
appar atus, depoSited filnms can be forned, e.g., in the follow ng way. 25

The -cylindrical t6upp96t agd 12hbSatRiliAryNoaleoackoe02dtd sabdlyhopensae of
the reactor 2111 is evacuated by neans of an exhaust device (not shown).

- 60 - Subsequesd| yhathgitvenpgasesr aref feleiatppehe Zéaddtor anlr dromd at a
given tenperature of, e.g., from200[err] to 350[err] by neans of the
heater 2113 fortheagasgcyhitndeppoRl2l to 2226 through a gas feed pipe
2114. Next, the mass flow controllers 2211 to.2216 are
operatéd so that each material gas is adjusted to flow
at a given rate. 1In that course, the opening of the
10 main valve 2118 is so.adjuSted that the preséure inside
. the reactor 2111 comes to be a given pressure of not
highef'than 1 Torr, while watching the vacuum gauge
2119. At the time the inner pressure has become
.stablé;'an RF power source (not shown) with a frequency
15 of 13.56-MHz.is'sét'at the desired electric power, and
an RF power is supplied to.the'inside of thé reactor
2111 through the high-frequency matching box 2115 to
cause glow dischérge-fé take place.. fhe material gases
fed into the feactor are.decoﬁposed 5y fhe discharge
20 ' energy thus produced, so that é given deposited_film
mainly.composed of silicon ié formed oﬁ the support
2112; After'a film with a given fhickness has been
formed, the supply of RF power is stopped, and the
f;dw—out.valves.are closed to stop-gases from flowing
25 'intd the reactor. The formation of a deposited film'is
 thus completed. | | | |

The same 6peration is repeated plural times,
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5 ~ Before material gases for formng deposited filnms are flowed into

the reactor 2111, gas cylinder valves 2231 to 2236 and a |eak valve 2117 of
the reactor are checked to nake sure that %gey are closed, and also flowin
val ves 2241 to 2246, flow out valves 2251 10 2256. and an auxiliary '
val ve 2260 are checked to make sure that they are opened. Then, firstly a

mai n val ve 2118 is opened to evacuate the insides of the reactor 2111 and a
gas pipe 2116. Next, at the time a vacuum gauge 2119 has been 15 read to
indicate a pressure Qf ab _x-Laket ~ & AWl igalk ve 2260 and
the fl ow out va‘f’#%geg%S% ?gbag%eérg%séf‘ésgg&%ﬁg}%&f 'téglrlel Id%as\si fcé?l'i nder

val ves 2231 to : 2 eped,seutBakbafapes rarfiedespect i vel y introduced :
from 20 gas %é??ﬁd%§§852§% ?o 5226,aand each gas is controlled to have a

pressure of 2 kg/ cnlylunopReatbideBpBhaihg 1ayerd ees fo2mbd,0 thiR66. < Next,
the flowin valves 2241 to 2246 are slowy opened so that gases are
respectively ing1gguead vAloeBR6Thbirotheanthokkee for?dbtedsary gasal 6.
After the filmformation is thus ready to start, the respective |layers are
f ormed acc®rdi ngréoalheclosed6l Algol, | dni mworderoded prevent tthe tine t he
cylindrical support 2112 has had a given tenperature, some necessary

fl ow out val vesc@gtésponding gases from remaining in the reactor 2111

T G Tt e e

and in the pipe extending from_the flowfout valves 2251
to 2256 to-the reactor 2111, the flow-out vaives 2251
to 2256 are cldsed, the auxiliary valve 2260 is opened

10 and thén the main valve.2118 is'fuil-opened so that the
inside of the éYstem is once evacuated to a high
vécuum; this méy be optiohally operated. ‘

"In order to achiéveluniform_film formation, it is

effecfive fo rotate the support 2112 at a given speed

15_ by meaﬁs of a driving méchanism“(not.shown) while the

| films are formed. -
- The gas épecies and Valve operafions deScribgd

‘above are dhanéed aécording té the éénditions.under_
which eachllayer is formed. |

20- - A pfocess for producing electrophotographic
light-receivihg members by_high-frequepcy '
plasma-assistéd CVD making use of fréquencieS'of VﬂF
bands (hereinafter simply "VHF-PCVﬁ") will be described
belowg _ '

25 _ The'depositibn system 2100 according to the
RF-PCVD in the production apparatus shown in Fig. 2 may

be replaced with the deposition system 3100 as shown in
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t.o 2256 and the auxiliary valve 2260 are slowy opened 5 so that given
gases are fed into the reactor 2111 fromthe gas cylinders 2221 to 2226

t hrough a gas feed pipe 2114. Next, the mass flow controllers 2211 to 2216
are operated so that each naterial gas'i§%§%L%ted to flow at a given rate
In that course, the opening of the 10 ' nmain valve 2118 i-s so adjusted
that the pressure inside the reactor 2111 cones to be a given pressure of
not higher than 1 Torr, while watching the vacuum gauge 2119. At the time

the inner pr essul%.%.ti?s%%ﬁ@pl ie%t@? file PRYEE BRI §8s ( POEG SEPWREMW th a

frequency 15 S set he desired electric power, and an

RE pover is suppliffl t aidie Jnsigalvidesseagioauaiag thr ough the

hi gh-frequency mat chi ng box 2115 cause gl ow discharge to take pIace.IThe

material gases fAGdtHdpHIOIIRARLE B Fh€eE669DELag hitembersli sghUHBePCUD
energy thus produced, so that a given deposited filmmainly conposed of
silicon is fornmgarmbd etsugport 2112. After a filmwith a given thickness
has been fornmed, the supply of RF power is stopped, and the flow out val ves
are closedg o stop gartels fapparadtws nis 28ainlynconshiétutedtef. a ypactor
formation of a deposited filmis thus conpleted. The sane operation is -
repeat ed plural 3llies,a matewial gwerfesdasystem- 2220 andgan9Ehalsth t he
desired nulti-layer structure can be formed. . - -
' : system (not shown) for evacuating the inside of the
reactor. In the reactor 3111, cylindrical supports
3112, support heaters 3113, a'material.gas feed'pipe
10 (not shown) and an electrode 3115 are provided. A
high—freéuency matching_box 3115 is also connected to
the electrodé. ‘The inside of the reactor 3111
communicates with an.exhaust pipe_3121'to'be connected
to an—exhaust system (not shown).
15 The material gas feed system 2220 is constituted
of gas cylinders 2221:to 2226 for material gases such
as SiH,, GeH,, H,, CH,, B;H, and PH,, valves 2231 to 2236,
2241 to 2246 and 2251 to 2256, and mass flow
" controllers 2211 to 2216. The gas cylinders for the
20 respectiﬁe matérial gases are doﬁnebted to the gas feed
pipe (not éhown) in the reactor 3111 through the valve
2260. Space 3130 surrounded by the cylindrical
supports 3112 forms a discharge space.
Usihg this apparatus operated by VHF-PCVD,
25 deposited filmé can be formed in the following way.

Fitst, cylindrical supports 3112 are set in the

reactor 3111. The supporfs 3112 are each rotated by




When-the corresponding | ayers are fornmed, the flow out valves other than
those for necessary gases 5 are all - closed. -Also, in order to prevent
the correspondi ng gases fromremaining in the reactor 2111 and in the pipe
extending fromthe flow out valves 2251 to 2256 .to the reactor 2111, the _
fl ow out valves 2251 to 2256 are closed, the auxiliary valve 2260 is opened
10 and then the nmain valve 2118 is full-opened so that the inside of the
systemis once evacuated to a high vacuum -this may be optionally operated.

|0 order {9, 30hhEuRGRle & BiiRg GHeBHd:Rflm 14146 effiecti NG 40 sPtahg the

support 2112 at a given spee means ‘of a driving mec anlsn1(not

shown) while theckidves @1a1f qrdf%%ac%&ﬁ%msgﬁsa&@cmhy@ Oes 881 21S
descri bed above are changed according to the conditions under which each

| ayer is formedby2fieans of ah [Hxeffist (dEvite Wiei digenp EDf i oF ogr aphi ¢
| i ght-recei ving nmenbers .by high-frequency pl asna-assi sted CVD naking use of
frequenci es of HHthammm.@Mmpmltﬂtcnntromﬂthe\pfééKhﬁE)lmsidebémdescr|bed

bel ow. 25 : The -deposi ti on"'system 2100 according to the RF-PCVD in
the produchi on appatarusldiowe ibe Fiay: Migher behameplec@d vk th 108 Torr. _
deposi tion system 3100 as shown in - 63 - Fi 3, to connect it to the _

material gas feggbsegugmtly, the temperature o each cylindrical

support 3112 is controlled at a given temperature of,
e. g., from 200 C to 350°C by means of the. heater 3113
for heatlng the support.
10 Before material gases for forming deposited films
‘are flowed lnto the reactor 3111, Qas cylinder valves
2231 to 2236 and the leak valve (not shown) of the
reactor are checked to make sure that.they are'closed.
and also flow-in valves 2241 to 2246 flow-out valves
‘15 ._ 2251 to 2256 and the auxiliary valve 2260 are checked
to. make sure that they are opened. Then, firstly the
main valve (not shown) is opened to evacuate the
insides of the_reactor 3111 and the gas pipe 2116.
Next, at the time the vacuum gauge (not shown)'has'
20 'been read to indicate a pressure of about 5 x 10°° Torr,
the.auxiliarY'valve 2260 and the flowsout valves 2251 |
to 2256 are closed; | |
' Thereafter, gas cylinder valves 2231 to 2236_are
opened so that gases are respectively introduced from
25 -gaS'cylinders'2221 to 2226, and each'gas is controlled
.to have a pressure of 2 kg/cml by operating pressure

controllers 2261 to 2266. ' Next, the flow-ln valves



.2220. Thus, an apparatus for producing el ectrophotographic |ight-receiving
menbers by VHF-PCVD can be set. up. 5 ~ This apparatus is mainly
constituted of a reactor 3111, a haterralﬁgﬁs feed system 2220 and an. . .
exhaust system (not shown) for. evacuating®hé€ inside of the reactor. In the
reactor 3111, cylindrical supports 3112, support heaters 3113, a materi al '
gas feed pi.pe 10 (not shown) and an el ectrode 3115 are provided. A

hi gh-frequency mat.ching box 3115 is also connected to the el ectrode. The.
inside of the pgzctQr. ! i Wi cext [ 21 to be
connected to agsg?(hgés?%saést%g‘%g&%xgj\g%qéhlg W%ﬁ%eg)ﬁaa erial gas
feed system 22 | b e PROE S | | %A ' rial
gases such as Fgrst)?cgﬁgéﬂg #;%q‘\?ghves_ Zi%f '?%%323%,%%%2%@'[0 92%% azr]l%i§251 :
to 2256, and nggsabhgw controllers 2211 to 2216. The gas cylinders for the
20  respective material gases are connected to the gas feed pipe (not
shown) in the reactaftdtlinehraugh formatdloe 122 Gthus ey I3t ounded
by the cylindrical supports-3112 forns a discharge space. Using this -
appar at ussoper ghedrbgp¥dtiveVDay2xs aree foxnestl dodomiiogn doe thes med in t he
following way. First, cylindrical supports 3112 are set in the reactor -
3111." The supfollewdng? pxocedarie.r ot at ed by - 64- - '

At the time each support 3112 has had a given
teﬁpérature,_somé_ﬁecessary floﬁ-out valves 2251 to
:2256 and the'auxiliary Qalve 2260 are'sloﬁly_dpened sO
ib that given gases are fed to the discharge space 3130 in
the reactor 3111 from the gas cylinders 2221 to 2226
thrbugh'a gas feed,pipe (hot.shown). Next; the mass
flow controllers 2211 to 2216 are operated so that each
matériél gas is adjusted to flow at a given rate. In
15 fhat cdurSe, the opening of,the mainﬁvalvé (not.showh)
is. so adjusted that the.préssure inside fhe reactor
3111 comes to be a given pressure of not higher than 1
Torr, while wétching the vacuum gauge (not shown).
| At the time the inner pressure has become Stab1e,
20 ~a VHF power source (not shown) ﬁith a.freqUency of,
._e;g., 500 MHz is set at_the_désired electric power, and
a'VHF.power'is supplied to the dischérge.space 3130_'
thrqﬁgh a matcﬁing pox 3116 to cause glow dischafge to
take blace. Thus,fin thé diécharge space 3130 |
25 surrounded by the éupports 3112, the material gases fed
into it aré excited by'discharge energy-to'uﬁdergo

diséociation; so that a given deposited film is formed



means of a driving nechani sm 3120. The inside of the reactor 3111 is
evacuat ed t hrough an exhaust tube 3121 by nmeans of an exhaust device -as
exenplified by a diffusion punp, to control_ the pressure inside the 5 .
reactor 3111 to be not higher than, e.g.,~ P& -10[err] Torr. Subsequently,
the tenperature of each cylindrical support 3112 is-controlled at a given
tenperature of, e.g., from200C to-350[err] by means of the heater 3113 for
heati ng the support. 10 . . Before material gases for form ng deposited

films are flowed_into,the._r L.Or gas; inqﬁr ME! . 2231 2236

and the | eak vaP\r/Ieee%& cs_ﬁ'g%mn%q?lg;fet ' r°eac’f‘:'or ia're ‘chec e%e'fslomen'ak%ﬁés)u'r-e t hat

they are cl osed f Iy f | s 15
y gugg%rii 3 ﬂoqeéteeq V%ge ; O%feﬂént eg{oe td %{l%eé@ wps

2251 to 2256 an e auxiliary va are c to e sure tha

they are openedpeZR@Noff l Sphdte rBtidt Y W EAO3BIPEY rmoPaned to
evacuate the insides of the reactor 3111 and the gas pipe 2116. Next, at

the tine the vaggygkg@hgeh@nghfgaimnyigaiﬁga, - been read to indicate a
pressure of about 5 x. 10[err] .Torr, the auxiliary valve 2260 and the
flow out vBlves 2251Afee2?2%26 falm @idted gihtrcailiriknegss a8 ibe val ves
2231 to 2236 are opened so that gases are respectively introduced from 25
gas cylinders 2Z2imed 2P2eachnsupportgyashe supplywldfe VHERD grwer apressur e
of 2 kg/cnferr] by operating pressure controllers 2261 to 2266. -Next, the
flowin val ves stopped, and the flow-out valves are closed to stop
| “ gases from flowing into the reactor. The fbrmatioﬁ of
deposited films is thus compléted.. |
10 . 'fhe same operation is repeated plural times,
'_'whéreﬁy 1ight-receiﬁigg 1ayers_with_the‘desiréd
.multi;layer strﬁcturg can be forﬁed. |
| TWhen the cdrresponding layers are forﬁed, the
_ floon;t valves other'thén th0se.for necéSSary gases
'15' are a11 c1osed.' Alsq; in order to prevent.the' |
| corfespdnding gases from reﬁaining iﬁ the réactbfl3111
and in the_pipe extending from'the'flow-out valveé 2251
to 2256 to the reactor 3111, the flow-out valves 2251
to 2256 are closed; the auxiliary valve 2260 is opened
20. _ and then the main Qalve (not shown) is full~bpened =To)
that the'ihside:of_the system is once evacuated to a
'_high'vacﬁum; this may be obtionélly operated.
~ The gas species and.va1ve dpérations'described
above are chahged ac¢ording to the conditions:under '
25 which each.layer is formed. | | |

In either RF-PCVD or VHF-PCVD, the support

temperature at the time of the formation of deposited



- 65 - 2241 to 2246 are slowy opened so that gases are respectively

i ntroduced into nmass flow controllers 2211 to 2216.. After the film
formation is thus ready to start, 5 . the respective layers are fornmed
according to the fol l owing procedure. At=t8& Time each support 3112 has had
a-given tenperature, - sone necessary flow out valves 2251 to 2256 -and the
auxiliary valve 2260 are slowy opened so 10- " that given gases are fed to
t he di scharge -space 3130 in the reactor 3111 fromthe gas cylinders 2221 to

2226 through a gag,feg d PIog 0ok 3Noum) - ook ab&g pdP85 bR 26RA Ud e >

2211 to 2216 are opera eac erla uste | ow at

a given rate. a%ﬁé?éféﬁlytEgoeéegbngséﬁcthﬁnﬁab%1!§|%%IGPOt

shown) is so adjusted t e pressure Inside the réactor 3111 comes to be

a given pressurﬁré%efgﬁlylgb@ﬁctgan3ioTer whi.l e wat chi ng the vacuum gauge
(not shown). At the ti.me.the inner pressure has become stable, 20 a VHF

power source (not shpwhei td8sé WheflUEREYEQf and. DOS a8 Mﬂangedsdh ahe he
desired electric power, and a VHF power is supplied to the discharge space
3130 through a hayehiugibhuesélairectauneiglGmmminghahge to take place.
Thus, in the discharge space 3130 25 surrounded by the supports 3112,
the material - gashstécondncbive bﬁﬁeexcfoede89mplech&hgeopﬁsagionotondergo
di ssociation, so that a given deposited filmis fornmed
' : continuously change the ratio of SiH, flow rate to
idlscharge power and the operation-to continuously
”change the snpport temperétﬁre may be'added to the
10 operations desctibed_above. |
| The suppqrt may be heated by apy.means_so long es'
. it”is'e'heating_element of a vacuﬁm type, including,
e.g., electrical resistance heatere-sﬁch_as a
eheéthed-heater winding heater, a plate heater and a
15 .eeramic'heater, heet radiation-lamp heating elements
| such as a halogeh lamp and an infrared lamp; and
heating elements-comprising a heat exchange means
employing a liQuid, gas or the like ae a hot medium.
As surfaee'materials of the heating means, metals such
20'- aS-stainlees steel,_nickel,'aluminum and copper; |
'ceramicé, heatAresistant polymer'resins or_the'like may
be used. |
As another]methpd that may be used, a container
exelﬁsiVelj.used for heating may be provided in
25 éddition to the'reeetor_and the support having'been

heated therein may be transported into the reactor in

vacuum.



- 66 - on each conductive support 3112. At this tinme, the support is
rotated at the desired rotational -speed by neans of a support rotating

not or 3120 so that the |layer can be uniformly forned. 5 After a.
filmw th a .given thickness has been f orm®® on each support, the supply of
VHF power is stopped, and the flow out valves are closed to stop gases from
flowwng into the reactor. The formation of deposited filns is thus.
~conpleted. 10 - . The sane operatlon S repeated plural tines, mhereby

i ght - | hed .
fe?nedre\(;\ﬁe\rlll tn%e ?c/)‘r%?%s\g %#}%I ayzlr; ardlru or ne(@l r asée; rég%ggélaﬁa%ves ot her
than those for ﬂgc%ﬁ%bﬁvgaglggsjpiefer%rbﬁ ] e‘ééls"aqqhe reactor €4 Yglpr to

prevent the corresponding g romrend nin 3111 andin

t he pipe extengirBgyd r &%h?r@f‘e‘f‘a@l @'ﬂ’t%i-rz%l J00 ARG, 0 dilee Jeact or

3111, the flow out valves 2251 to 2256 are closed, the aUX|I|ary val ve 2260'

i s opened 20 mo@adp&gqarhbgynglmwﬁﬁﬁutdrqusﬂmamﬁ is full-opened so that
the inside of the systemis once evacuated to a high vacuum this my be

opti-onal | § oper at ed InThhey ¥HFSPEVDSS wweldcaurcnwwmrprodﬂsmd hiad above
are changed according to the conditions under 25 ~whi ch each | ayer is
‘formed. In eittbe REsPBHDger spdeceP@dy, hiave anyp Gritzet aqsﬂersltapesn Jtdregtl me
of the formation of deposited
°  as it may cause no disorder of discharge. In v1ew of
practical use, it may preferably have the cylindrical
shape with a diameter.of 1 mm to 10 cm. Here, the
10 length of the electrode.may also be arbitrarily set t=To)
| long as it is 1ong enough for the electric field to be
uniformly applied to the support.
The electrode may be made of any material SO_lOng-
as_its"surface has a conductivity. For examnle, metals
15 . such as stainless steel, Al, Cr, Mo, Au, In, Nb, Te, V,
.Ti, Pt, Pb and Fe,_alloys of any of these, or glass or
ceramic whose surface has been conductiﬁe treated with
any of these. | |
[EXAMPLES]
20 - Examples of the present invention'will be'
| described below with reference to Figs._z and 3.
_Egamgle 1. | | “
Using the apparatus shown in Fig. 2, for prodncing
-electrophotographic'light—receiving members_bf RF-PCVD,
25 a light-receiving layer comprised of'a.charge injection
blocking layer,.a'photoconductive.leyer and.a surface

layer was formed on a mirror-finished cylindrical



-67- filnms may, in particular, preferably be set at 200[err] to 350[err],

more preferably 230[err] to 330[err], and still mnore preferably 250[err] to
310[err]. In the case when-the Eu and DOS ﬁée changed inthe 5 - layer
t hi ckness direction in .formng the photocoHRductive |ayer, for exanple, the

operation to continuously change the ratio of [err] flow rate to discharge
power and the operation to continuously change the support tenperature nay
be added to the 10 oper ati ons described above. The support nay be heated

by any means so Beat pBImf GHBRetdr dngesUwdnAR9.ons,
including, e.g. ?igﬁggﬁalgng§gglstance heat ers such gg a sheat hed- heater

wi ndi ng heater, ?T%Pl ahg BRBLAT iAN#ap1851, tecpadaudecal dighhsalededniialg on
| anp heati ng el enenfs such as - a hal ogen Ianp and an infrared | anp, and

heating el enent §efBEPR | SVAgisubealghkchangd vithan metibplrey weyea alispui d, gas
or the like as a hot nmedium As surface materials of the heating neans,

metal s such 20 proaaceaaml ¢he samel manneirebutalchangimgatviec syFdng

ceram cs, heat-resistant polymer resins or the like may be used. As anot her
met hod thab nayrhtiosed, SiHg oo din@ndedilsatiande RAREF (EIT HAR i ng may be
provided in 25 addi tion to the reactor and the support having. been
heated therein nh9tggcnduﬁ§pﬁﬁtéGYEﬁto the reactor in vacuum '

The llght-rece1v1ng members thus produced were
each set in an electrophotographlc apparatus (a copyingl
machine NP6150; manufactured by CanongInc., modified

10 . for testing),.and images were'reproduced to eValuate

| " the dependence of charge performance on temperature _
(temperature—dependent properties),_the exposure memory
and the smeared images. To evaluate the
temperature—dependent properties, the temperatiure of

15--. the light- recelving member was changed to range from
room temperature to about 45_C, at which the charge
performance was measured, and changes in charge
performance per 1°C of this temperature change were
measured. A change of 2.V/degree or below was judged

20 to be acceptable. To evaluate the exposure memory and
-the smeared images, images reproduced were visually
judged according to four ranks of 1° very good, 2:
'good 3: no problem in practical use, and 4: a 11ttle
problematic in practlcal use in some instances.. As the

25 result, the ranks 1 and 2 were judged to be acceptable

Meanwhile, on glass substrates (7059; available

from Corning Glass Works) and silicon (Si) wafers which



- 68 - The pressure in the discharge space especially in the VHF-PCVD nmay
preferably be set at- 1 nTorr to 500 mforr, nore preferably 3 mlorr to 300
mrorr, and still nore preferably 5 niforr to 100 mrorr. 5 . In the
VHF- PCVD the el ectrode 3115 prOV|ded||11f%9chscharge space nmay have any
size and shape so long-as'it may cause no disorder of discharge. In view
of practical use, it my preferably have the cylindrical shape with a
dianeter of 1 ' mmto 10 cm_ ~Here, the 10 | ength of the el ectrode nay

Al S0 00 BrblLratill Sl I B bh sl 008 SOBHON 'R dde eciric Tield
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conductive treat w th any of these [EXANPLES] 20 Exanples of the-

present Inventhagwﬂl lofh 4 ddpibin@la Ve Mind) fhREEse {1 lyDsss 2 and 3.
Exanple. 1 Using the apparatus shown in Fig. 2, for producing

el ect r ophoogr aghibes triaféls," @aeicdnity emaé&wddée/ wird@4imetd by wapor .
| i ght-receiving Iayer_conprised of -a charge injection blocking layer, a
phot oconduct i ve deppari tadimsh ,a asud fdee characteristic energy at the
B | exponential tailltEu) and the density'of stetes of
locelization (DOS) were measured by CPM. In_respect of
~the deposited films on fhe silicon'wafers, the hydrogen
10 content was measured by FTIR (Fourier transformation
infrared_absofptidn specfroscopf). |
| As the result the ohotocondhctive 1ayer formed
_under the conditions as shown in Table 1 had a hydrogen'
-content of 27 atom% an Eu of 57 meV and a DOS of 3.2 x
15 = 10" cm®. |
In the case when fhe rafio of diSchafge power with
‘respect to the flow rate of SiH, (RF éower) was fixed'.
and the mixing ratio of H, to SiH, (Hz/SiH4) was
increased, the both Eu and DOS tended to almost
20 .'monofoﬁously decrease untillthe mixing_rafio was
increased-up to about 10. 1In particdler, the DOS
remarkably tended to decrease. Then, in the case when
_thelr mixing ratio was 1ncreased more than that the Eu
- and DOS decreased at a slow rate. On the other hand,
25 in the case when the mising ratio of H, to SiH4*was
- fixed and the ratio of discharge power with'respectlto

the flow rate of SiH, (power) was increased, the both Eu



| ayer was fornmed on a mrror-fi-nished cylindrical - 69 - alum num
support of 108 nm di aneter under conditions, e.g., as shown in Table- 1, to
produce a light-receiving member. Various I|ght-rece|V|ng nenbers wer e

al so produced in the same nmanner but changfhg-the mxing 5 ratio of SiH4
to H2 and discharge power for the photoconductive Iayer. The '

| i ght-receiving nmenbers t hus produced were each set in an
electrophotographlc apparatus . (a copyi ng machi ne NP6150, nanufactured by -

di d d d '
cval uat o i he et égﬂ%otsrdeﬁ;réiiéér”v%rﬁiﬂc5 hoREE R B ana S 10
(tenperature- dep %bf?oggﬁ&é Sto %ngg ggsure menory and the sneared

i mges. To evalu era ure-depen ent properties, the tenperature

of 15 . the "ght'r@ﬁé'¥éﬂftﬂ§ﬂgﬁipgﬁétﬁaéﬂg%ﬂetEuraﬂﬁetﬁeon‘room

tenperature to about 45[err e charge performance was neasured,

and changes in €éﬁp§§a€§féﬂdéﬁéﬁ§eﬁérpébﬁérkies EE'%hbﬁHDQha?!gQ ghange
were nmeasured. A change of 2 V/ degree or bel ow was judged 20 to be

acceptabl es Toamdathat fel 8€i6x5REH BetiR8BAY thBUdDDBeafdeghed ekpagaye | NAQES
reproduced were visually judged according to four ranks of 1. very good, 2:
good, 3: no prohémmrynapdasmeanedu$magesda#e shbwht lin Pigbl.efatand i6n
practlcal use in sone instances. “As the 25 result, the ranks 1 and 2
wer e Judged to tgsg@@bpvgbye In all samples, the hydrogen content was

in the range of from 10 to 30 atom%, As . is clear from
Figs. 4, 5 and 6, it mas found-necessary to control the
10 . Eu to be not.iess'than 50 meV to not more than 69 meV,
and. the DOS-not less than 1 x 10“.cm4 to less than 1 x
ib“ m*{ in order to obtain good electrophotographic
performances.
The light receiving members ‘produced were each set
15 inithe_the above electrophotographic apparatus, and
| images were reproduced through a process comprised of
charging; exposure,:development,'transfer and cleaning.
As a result;lit was possible to obtain very good
images. _ _. |
20 | Examplelz
In the present Ekample, an-intermediate'layer (an
upper blocking'layer) made to-have a smaller carbon
atom content than the surface layer and incorporated
With'the atoms.capable_of controiling conductivity type
25 was provided betmeen the photoconductive layer and the
surface layer. _Conditions under which an

electrophotographic light-receiving member was produced



Meanwhi | e, on gl ass substrates (7059; available from Corning G ass Wrks)
and silicon (Si) wafers which - 70 - were provided on a cylindrical |
sanpl e holder, a-Si filns of about 1 pmin_thickness were deposited under
the sane conditions as in formng the phot®2onductive [ayer. On the _
deposited filns fornmed on the glass 5 ‘substrates, Al conb el ectrodes
were formed by vapor deposition, and the characteristic energy at the
exponential tail (Eu) and the density of states of |ocalization (‘DOS) were

measur ed by (}Tﬂeéé’ﬁé¥ﬁmﬁg.éﬁo&ﬁeiﬂ' %g%ée films on the silicon wafers,

t he hydrogen 1 content was. neasureée FTIR (Fourier transformation

infrared absorptiongﬁggﬁ{(%ﬁéﬂ%&reéﬁiﬁgeé féﬂéiﬁa%hﬁéﬁcg%§889889tiVe | ayer

formed under the conditions as shown 1n T gen content of

27 aton® an.Eu of Sh ngné gi¥bsedtOEAnp1e, *the results18bfaihe8NbAI 1. IN

the case when the ratio of discharge_ppmer with respect to the flow rate of
[err] (RF poverthendu fanédaBIb1 heher phidocohd@cOivé elaget Ofbened [err] was.
increased, the both Eu and DOS tended to alnmpst 20  npnotonously decrease
until theSmi xi ngdest ithenaoridict ks dshipwh oimbPabld 02 wergabs i migvaandt e DOS
remar kably tended to. decrease. Then, in the case when their mxing ratio
was increased-#b@@ﬁfﬁﬂf:haespecgiﬁelxnd D8 eddectzoptiorbgxaphdw rat e. Cn_
t he ot her hand, = L L ' - -
light-receiving members similarly produced were also
negatively charged to make the same evaiuation as in
'Exémple l. As a result, good electrophotbgraphic
10 -.performances like those in Example 1 were obtained.
That is, also in the case when;thé intermediate
- layer (an_ﬁpper_blocking layer) was provided, it was
found necessary to control the Eu to be not iess ﬁhan
50 meV to not mofe than 60 meV, and the DOS not less
15 than 1 x 10™ cm® to less than 1 x 10 cm“,_in order to
obtain godd electrophdtographié performanceé. |
In the same manner as in Example 1, the
light-receiving members produced were each set in the
electrophotographic apparatus NP6150, manufactured.by
20 Canon Inc., modified for testing, and iméges wére'
reproduced through é_prOCess comprised of charging,
| exposure, development, transfer and cleaning. As a
result, it was possible to obtain very good imagés.
Example 3
25 | In the present Example,'a surface layer containing
silicon atoms and carbon atoms in the state they were

distributed non-uniformly in the layer thickness



25 in the case when the mixing ratio of [err] to [err] was fixed and the
rati o of discharge power with respect to the flowrate of [err] (power) was
i ncreased, the both Eu -71- and DOCS tended to increase. |In particular,
the Eu renarkably tended ‘to increase. Thé‘ré3at|onsh|p bet ween the Eu and .

t he tenperature-dependent properties is shown in Fig. 4, 5 and the ,
rel ati onship between the DOS and thé exposure nenory and sneared i mages are .
shown in Figs. 5 and 6, respectively. In aII sanples t he hydrogen cont ent
was in the rang? of from 10 to 30

fro |gsS.. 4 nd 6,
it was found ne&é: aﬁ'lq Weh i S V{§1 fP pl?f? % h?mﬁr%gééktﬁ%%egofnev
t t th V x -10[ err err to
I gsgot hgﬁri X ?erxr_ - or Sgr %% n go %ss‘f I@ J].ﬁot ogEaph} c[ ]
performances. Tha dd ﬁﬂBp RSY PPk B S éE&WEKbVﬁ%ﬁbé%"%hé%érééhced'”

the the above el ectrophotographi c apparatus, and iTages were reproduced

through a proceseredWares ek hdfialii nebrxm@sur e, devel opnent, transfer
and cleaning. As a result, it was possible to obtain very good imges. 20

Exanpl e 2 I5n t he presxderixahy efomsgodinie) Exhmp e | hywas (wsperied. bl ocki ng
| ayer) nmade to have a.smaller carbon atom content than the surface |ayer
and i ncor por at ed " In the present Example, the results obtained on
the Eu and DOS of the photoconduétive_layef formed
undei the conditions shown in Table 3'Gere.50 meV and
_le 104 cm?,-respectively;_ The eiédtrophbtographic |
10 light-receiving members similarly produced weré also
| evaluated in the éame.manner as in'Example 1. As a
résplt, good electrophofographic performandes'like
| thdse in Example 1 were obtained.
Tﬁaflis, alsb in the case when the surface layer
15 cpntaining silicon atoms and cafbon atoms in the state
they wére”distfibuted non—ﬁﬁiformly'in'the 1§yer |
thickness diréctiqn-ﬁas provided, it was found
necessary to control_fhe Eu to be not less than 50 meV
" to not more than 60 mevV, and_the DbS not . less thaﬁ
'20 1 x 10" ¢m4 to less than 1 x 10 cm®, in order to
obtain gdod eleéﬁropﬁotogréphié performanceé.
" In the same manher'és in Example 1, the
light-receiving members produced were each set in the
electrophotbgraﬁhic apparatus NP6150; ﬁanUfaétured'by
25 Canon Inc., modified.fOr'testing, and images were
reproduced through a brocess c@mpriéed of charging,

exposure, development, transfer and cleaning. As a .



with the atons capable of controlling conductivity type 25 was provided
bet ween the photoconductive layer and the surface | ayer. Conditions under
which an el ectrophot ographi c I|ght-rece|V|ng menber was produced - - 72 -
here were as shown in Table 2. Except t e’ oregoi ng, Exanple 1 was :
repeated. -In the present Exanple, the .results obtained on the Eu and DOS of -
t he phot oconductive |ayer forned 5 under- the conditions shown in Table 2
were 55 neV and 2 x 10[err] ‘[err]; respectively. The el ectrophotographic

Ilght-recelylngﬂgg ?rs §'H%sap§§sﬁhggu§8d ggnabaﬁgnggghlgﬁgbegharged to"

make t he sane fon as In a resu

el ect rophot ogr aphi c %gamglgeafornances | i ke those in Exanple 1 were
obtained. That is, ‘also rn e case when the internediate - |ayer. (an upper

bl ocking -l ayer) was ppovhdegrebbntasxhfgid, Nageasaiyhtoabebicbingt Nayes t o
be not less than 50 neV to not nore than 60 meV, and the DOS not |ess 15

than 1 x 10[ er rfoiOpre&senting dceuibbace] of nnterderehceoﬁrangegodde

el ectrophot ographi ¢ performances. In the sane manner as in Exanple 1, the
| i ght -recebvi ngtoebbght peblectddwEremesbe sapppmtthenehetracpﬁoﬂégﬂaphlc
apparatus NP6150, manufactured by 20 Canon Inc., nmodified for- testlng,
and i mages mereabeprbﬂugebaYeroﬁgnmadppécé@@rpbﬁpﬁl§éé1§pnc§§F@ﬁﬁ@um '

~exposure, devel opnent, transfer and cl eaning.
was prOV1ded between the support and the charge

injectionlblocking layer, Conditions under which an
| electrophotogrephicllightfreceiVingpmember was produced
10  here were as shown'in'iable 4.

Except the'foregoing, Example 1 was repeated.

-In the present Example, the results obtained on
the Eu and DOS of the photoconductlve layer formed
under the conditions shown in Table 4 were 60 meV and 5

15'., X 1015 m-3, respectlvely. The electrophotographic

| 1ight—receiving members similarly'produced were also
evalueted in the same_manner'as in Example 1.' As a
-result,_good electrophotographic performances like
those in Example 1.were obtained. |

20 K " That is, also in the case when the IR absorbing
'layer was provided, it was found necessary to control
'the Eu to be not less than 50 meV to not_more then 60
'mev, and_the DOS not less than 1 x 1014 cmd'to less than
1 x 10** cm™, in order'tolobtain good'

25 | electrophotographic performances.
| In the Same.manner as in Example 1; the

light-receiving members produced were each set in the



result, it was possible to obtain very good i mages. Exanple 3 25 ~In
the present Exanple, a surface |ayer containing silicon atons.and carbon -
atons in the state they were distributed non-uniformy . in.the |ayer

thickness - 73 - direction was provided'i%5pTace'of the surface layer .in
Exampl e 1. Conditions under which an eIeCtrophotographic l'i ght-receiving-
menber was produced here were as shown in Table 3. 5 Except the

foregoi ng, Exanple 1 was repeated ‘In the present Exanple, the results

obt ai ned on th&ﬁFU and of t%e p%gﬁg%ggggcgbgeigayﬁgrﬁggggqrgadgy the’
, =

conditions sho [err respectively.

‘The electrophonggmaphig 10 modikggd Eggefgé@gngengﬁaslﬁhgggaﬁgfeproduced

were al so eval u The BANE manner as a result, good

el ect rophot ogr ap é% oBGLE8 ERAGE h'akﬁr&Eege meE*i&Bdeoi whaegahigi ned.
That is, also inthe case n he surface |ayer 15 containing silicon

atons and car bogggbeite Nabh816pnéat| heyansrerdantr cheandngon- 8si Bormy in
t he | ayer thickness direction was provided; it was found necessary to

control the Eu $@shiBtpoit| as pbssibllemey bvbtadh wery ghad 602ge$. and the
DOS not | ess than 20 1 x 10[err] to less than 1 x- 10[err], in order to
obtai n good el ectr opkRamplaphi c performances. '
| In the preseht Example, the_apparatus shown in
figtus, for producing electrophotographic |
1ight—receiving members by VHF-PCVD in place of the
10' . RF-PCVD in Example 1 was.used. A iight-receiving layer
o comprised of'a_charge'injectioh blocking layer, a
phbtoconductive~layer and a surface layer was formed on
a mirror-finished cylindrical aluminum support of 108
'mm dlameter as 1n Example 1 under conditlons as. shown
15 in Table 5, to produce a_llght-rece1v1hg membert
"Various light-receiVing members were'also produced in
the same manner but changing the mixing ratio of SiH4_to
H,, discharge power, support temperature and internal
pressure for the photoconductive layer.
20 . Except the foreg01ng, Example 1 was repeated.
The llght-receiv1ng members thus produced were
. each set in an electrophotographic apparatus (a copylng_
_ hachine'NPGiSO; manufactured'by'CanOn Inc., modified
.for testing), and images uere reproduced to evaluate
25 the'depehdence'of ¢harge performance oh temperature
-(temperature—dependent properties)'and the exposure

memory (blank memory and ghost). The



In the same manner as in Exanple 1, the light-receiving nmenbers produced
wer e each set in the el ectrophotographic apparatus NP6150, manufactured by
25 Canon'lInc., nodified for testing, qﬁtnages wer e reproduced throough
a process conprlsed of charging, exposureé, vel opnent, transfer and

cleanlng As a = 74 - result, it was possible to obtain very good

i mges. Exanple 4 In the present Exanpl e, as a light absorbing | ayer for
preventing occurrence of interference frlnges due 5 to Iight refl ected
fromthe suppor rayr | &Y &QPL phous
silicon germani t&% %%Ijag:ﬁlg% ?é&!épr@ eer%ulppo J{Ehe c%arge I nj ection

bl ocki ng | ayer. H‘EJY:’ % uc‘é@é&&*&.rﬁ%rﬁi esfén{émﬁ’éﬁrf&‘aé@'ﬁ; Example.

| i ght-receiving ne here were as shown 1 n Table

Except .t he for eqQi Ngneed sk t42S dRadidhs J bt %Mt&&%‘tirﬁ@é@|ﬁasthe
results obtained on the Eu and DOS of the photoconductive |ayer forned

under the condi hilews evalwated Budcrdintertd tthampbandranksd 1ike diderr]
respectively. The el ectrophotographic |ight-receiving menbers simlarly
produced wére akaxposua'leuatemdmm t s Hmee memuldr, ashe rr&ﬂam:il arid 2 /were
result, good el ectrophotographic performances I'i ke those in Exanple 1 were
obtained._ZO - judgedTiax bies acglepd-ablei.-he case when the IR absorbing
- Meanwhile,'on'glass substrates (7059; aVailable
from Corning élass Works) and siliedn (si) wafe:s Which_.
were-previdedlon a cylindrical sample holder, a-Si
10 films of about l_pm.in ;eyer thickness were deposited
 under the_same.conditions as_in.forming_the |
_photoconductite 1afer. On the'deposited.fiIMS formed
on the glass substrates, Al comb electrodes were formed
by vapor depositlon and the characterlstic energy at
15  the exponential tail (Eu) and the density of-states_of
| localization (DdS) were measured by CPM. in-respect-of.
the deposited fiims oh the silicop wafers, the hydrogen
content and the'absorptien peak intensity ratio of Si-H,
bonds to Si-H bonds weretmeasured_by FTIR. =~
20. o As the”resuit, in the photoconductive layer formed
under the'conditiens as shown in Table 5, the hydrogen
content was 25'atoﬁ%;'the Si-Hz/SiéH was 0.35, and the
Eu and DOS were 59 meV and 4.3 x 10%° em*,'respectively;
. In the case when the ratio of discharge power with
25 respect to SiH, (RF'power) was fixed and the:mixing |
- ratio of SiH, to H, (H‘/SIH ) was 1ncreased like Example

1 the both Eu and DOS tended to almost monotonously



| ayer was provided, it mas_found neceSsary to control the Eu to be not |ess
than 50 neV to not nore than 60 neV, and the DOS not |less than 1 x 10[err]

to less than 1 x 10[err], in order to obtain good 25 el ect rophot ogr aphi ¢
performances. In the sane manner as in Exarf e 1, the |ight-receiving
menmbers produced were each-set in the = - 75 - electrophotographic

appar at us- NP6150, manufactured by Canon Inc., ‘nodified.for testing, and
| mages were reproduced through a process conprlsed of charging, exposure,

devel oprrent ,- %:f Lol C‘tﬁ_aﬁér{]?g “fﬁ%tr% ratid ev?é'%xincx[teg\@%?] 35St e to -

obtain very goo |nages pr ésent pparatus

shown in Fig. 3 bfoQIt (@Td’ g@g&&gﬁgwpot%%%@%ﬁ@sﬁ% dﬁ(@gdnggbers

by VHF-PCVD in ol ace PCVD I'n Exa

i ght-recei vi ngdeaea@rrprm&ﬁri Gin the EdSE Wﬁ'éﬁ%hé’ﬂrhﬁ%:&h@graﬁiéf a
phot oconduct i ve | ayer -and a surface [ayer was forned on a mrror-fini shed

cylindrical al upjgalmnutedd MorddSHER dtRd®] CEh& SE Narkk A0S eddcredsed
conditions as.shown 15 in Table 5, to produce a light-receiving nmenber.

Various |ight - r efeiavigl@pwrardts.s Wi etife sothpsn chared, | in ttite scase neinerr  but
changing the mxing ratio of [err] to H2, discharge power, support’ :
tenper at ur e and thet evdading netsia of c31H4he:opH@tuasnﬂuxedvenﬂayhe ratio
of d1scharge power with respect to 81H4(power) was
1ncreased the both Eu and DOS tended to increase. .In
particular, the Eu'remarkably_tended_to increase,

'iO 'Also, in the case mhen the support temperature.was
raised, ‘the Eu and DOS tended to drop, though slowly,
and the Si -H,/Si- H tended to decrease.

: Here, the relatlonshlp between the Eu and the
' temperature—dependent propertles and the relatlonshlp

15 . between_the DOS and the exposure memory and smeared
'images_were similar to those'in Example 1, and it mas
found necessary to.control_the Eu to be not less than
50 meV to not more than 60 meV, and the DOS not less
than 1 x 10* cm™® to less than 1 x 10'% cm™3, in order to

200 obtain good eieCtrOphotographic performances.

From the relationship between Si-H,/Si-H and
sensitivity as shown in Fig. 7, it was also found
preferable_to'control the Si-H,/Si-H to be not less than
0.1-to not more than 0.5. |

25 In the same manner as in Example 1, the.-

light-recelving members produced were each set in the

electrophotographlc_apparatus NP6150, manufactured by



20 ' Except. the foregoing, Exanple 1 was repeated. The

| i ght-receiving menbers thus produced were each set in an

el ect rophot ogr aphi c apparatus (a copyi ng nachi ne NP6150, nanufactured by
Canon Inc., nodified for ‘testing), and i neg@8 were reproduced to evaluate

25 t he dependence of - charge performance on-ténperature
(t enper at ur e- dependent properties) and. the exposure nmenory (bIank menory
and ghost). The: . 76 - tenperature-dependent properties and the

exposure nmenory were- evaluated |n the sane manner as in Exanple 1. Uneven

density (coarsene3BenoInay f PEALLiRE EOT \ESSHIDG /o PRO, ABICK HST& ng to t he
four ranks like the 5 gxggsure menory. - As the é%%@{t t he ranks 1 and 2
were judged to bEeEEEQB?ﬁ TREGRWARI PEOCER Sy FRmPT, aﬁ

| abl e f Co 39 el mh o
SYﬁL.gedeonrgnly?%ﬁéggfﬁra@ﬁﬁ%ﬁB %P%ertrgng efO(a HXP Fﬁ@aig ahgﬁtéﬁrferr]nr

i n. layer thickne e p. t e C QO | orm ng

t he- photoconduct?%eﬁﬁgyegg @%g ﬁgsggggél%gdoﬁﬁﬁ%?fo?#ég%%% ?&?%%%&m
substrates,gAl conb eggghégge were formed by vapor deposition, and the
characteristic energy a the exponential tail (Eu) and the density of

states of |OCa|lZatlOnn(%ﬁ)pi\ééénﬁ’eﬂﬁuﬁlﬁdeb)/ag:’@urfh&er asgest of the
deposited filnms on the silicon wafers e hydrogen content and the
absorptlon peak comSﬁstﬁgntaatOmQt BitHBgen atoms were incorporated in.
the.surface layer in place of carbon ‘atoms. Conditions_
under which an electrophotographic light—receiving'
10 " member was produced here were as shown in Table 6.
' Except the foreg01ng, Example 5 was repeated.

- In the present Example, the Eu, DOS and Si-H,/Si-H
of the photoconductive layer formed'dnder the
conditions Shown in Table 6 mere_sa meV, 5 x 10* cm™

15  and 0.29, respectively; The.eleotrophotographic
1ight-receiving members similarly produced were'also
evaluated in the same manner as in Example 1. As a
result, good electrophotographic performances 1ike
those in Example 1 were obtained. ' |

20 That is also in the case when nitrogen atoms were

| inoorporated in the surface layer 1n_place of carbon
atoms, it was found preferable to control the Eu to be
not less than 50 meV to not more than 60 meV, and the
bps not less than_i x 10 cm to less than

25 1 x 10" cw®, and also to control the Si—HZ/Si-H to be

not 1ess than 0.1 to not more than 0. 5 in order to

_ obtain good electrophotographic performances.



bonds to Si-H bonds were neasured by FTIR 20 As the result, in the
phot oconductive | ayer forned under the conditions as shown in Table 5, the
hydrogen content was 25 atonfg the Si-[err]/Si-H was 0.35, and the Eu and

DOS were 59 nmeV and 4.3 x 10[err], respectiA®ly. In the case when the ratio .

of di scharge power with 25 respect to [err] (RF power) was fixed and.the
mxing ratio of [err] to [err] was increased, |ike Exanple 1 the both Eu
and DOS.tended to al nost. nonot onously - 77-- decrease until the m xing

rati o was increased to about 10. In particular, the remar kabl y
tended to decrease. &’Qf’hé’g‘,e SR IR @en %q’m‘?ﬁ?!ﬁr{glﬁio was

i ncreased nore an.that. .the Fu DC? _ I _ e. On
t he ot her hand, i?ﬁﬂfﬁggg Sié’lvr\ﬁerll“e?tﬁ)% b .|rgbgﬁ¥%aq§§'s%?e §§5’3{ t%eiizlq%\vaé I xed

and the ratio of;di-$ B TolTY T AT S N BdH Al deyBsa by
I ncreased, the %%?E%E&%Q%}%Pg‘#dﬁg{o mpreaps?se. d_’|I4n particul ar, the Eu
remarkably tendednbfl TRE.CA%Rd1¥ ed FISbedtlidd!® £ Andids hdres upport
tenperature was raised, the Eu and DOS tended to drop, though slowy, and
the 'Si - H2/ §i - H frepdeduceddetrdigh aprdcddiy dalprtisut bd disingpiig t he Eu
and the tenperature-dependent properties and the relationship 15 bet ween -
the DOS and t heegypsatre; devlypmacthts aisrsiamean wienrsing] arAd a t hose in
Exanple 1, and it was found necessary to control the Eu to be not [ess than
' "result, it was possible to obtain very good images.

Example 7
In the preSeﬁt-Example, the qharge injection
.10 _.blqcking léYer was omitfed éhd the photoéondﬁctive
1ayer”wa§ constituted of a first léyef region |
containing carbon atoms in the state they weie
distfibuted nbn-uhifbrmly in the layer thickness
'direct;oﬁ:aﬁd a second 1ayei fegion containing
'.15' . substantially no carbon atoms.  Conditions under which
an electrophotbgréphic light-receiQing member was
produced here were as shown in Table 7..
.Except thé foregoing, Exaﬁple 5 was repeated. _
In the-presént Example, the Eu, DOS and Si-H,/Si-H
20  of the photoconductive layer formed under the '
.conditions sh6wn.in Table 7 were 56 meV, i.3 x 10 cm?
and 0.38, respectively. The electrophotographic
_ligth:eceiving members similarly'produced were also
 eva1uated-in the same manner as in Example 1. As a
25 resuif, good electroéhotographic éefforﬁanées like
those in Example 1 were obtained.

That is, also in the case when the charge



50 meV to not nore than 60 neV, and the DOS not less than 1 x 10[err] to
|l ess than 1 x 10[err], in order 'to 20 obtain good el ect rophot ogr aphi c
perfornances From t he rel ati onship between [err] and sensitivity as shown
in Fig. 7, it was also found preferable to&bmtrol the [err]/Si-H to be not

less than 0.1 to not nore than 0.5. 25 - In the same manner as in .
Exanple 1, the light-receiving menbers produced were each set in the .-
electrophotographlc apparatus NP6150, manufact ured by - 78 - Canon Inc.,
nodi fied for test ngg S IEE, reproduce u rocess i
conprised of char %51%&50? g'n é’ed:pr’f’@fﬁ O"fq;a r’%;ntg‘égl eaning. ‘As a
result, i't was a&g% 6 In
t he present Exaﬁgﬁ%bgégdg‘%r acell%gég%ca%ﬁg&{ lrroz"gee(n %rns '
wer e i ncor porat gdgii Bnt Bentaihasgy 'c%)!:‘ifod %ﬁ%@cqxpfu@rwét were
Condi ti ons under mhlch an el ectrophot ographic |1ght-receiving I0 menber

was produced heggsWedButeds noWlunl fo¥Rl1§ Gn BHeLNadie dHyggidw, Exanple 5
was repeated. In the present Exanple, the Eu, DOS and Si-H2/Si-H of the

phot ocondubt i vedispgetibar aed an@eedﬁGEﬂayertneyﬁbnﬂunutaﬂhiﬁﬁﬂe 6 were 53
meV, 5 x 10[err] 15 - and 0.29, respectively. The electrophotographlc
| i ght - r_ecel_V| ngsubsttentisliyl ad yapbohuesbner etalvae found preferable _
: to control the Eu to be net'less than 50 meV to not
more than 60 meV, and the.DOS not less than 1 x 10** cm™
to.less than 1 x 10'® cm™, and also to control the
10  Si-H,/Si-H to be not less than 0.1 to not more than 0.5,
in order to obtaln good electrophotographic :
performances.- |
In the same manner as in.Example 1,_the
light-reCeiving members produced were each set in the
15 electrophotographic apparatus'NPﬁlso; manufaetured.by.
eCanon Ihc.; modified.for testing, and images were
- reproduced thrOugh_a process comprised of charging,
exposure, development, transfer and cleaning. As a
result, it was possible_to obtain very good images.
.20' | Example 8 | |
In the present Example, an intermediate layer (a
lower surface layer) made to have a smaller carbon atom
content than the surface layer was provided between the
' photqconductive layer and the surface layer and at the
25 ‘same time the photoeonductive layer was'functionally 
' sebarated into two layers comprised of a charge

- generation layer and a charge transport layer.



evaluated in the sane manner as in Exanple 1.. As a result, good
electrophotographlc perfornances i ke those in Exanple 1 were obtained. 20
That is, also in the case when nitrogen atoms were incorporated in the
surface layer in place of carbon atons,: i+ 8ks-found preferable to control
the Eu to be not less than 50 neV to not nore than 60 neV, and the DOS not

less than-1 X 10[err] to | ess than 25 "1 x 10[err], .and also to control
the [err]/Si-Hto be not less than 0.1 to not " nDre'than 0 5, in order to.
obt ai n -.good el ect hotographlc per f or mances. I n the sane nmanner
as in Exanple 1€ QHd; \WW&FWE#&M?%??W%RER%EPQ%?QP%%Ch set in the

el ect rophot ographi ¢ .ap arat s NP61 manuf act red on Inc., jodified
for testing, 5' quéTgé% g"‘? me (ﬁﬁﬁ:e‘dr‘? ﬁ)(%\r‘?)r"ms A% fRPYRed of

char gi ng, exposureT dﬁyel pnent transfer and cleanlng As a result, it
was possibl e t ot8bt'& Yy good i mges. Exanple 7 kn the present Exanpre

bhot oconduct | ve-| ayeriswt I M ARIOUR, "BRafig (el bdibaren, |
carbon atogs in the sttgd ipee sisigidutiak a8, wbd Y51 /R v er
t hi ckness direction and a séecond | ayer- region containing 1 :
substantial ly nefC&he phytBonddediid | ife i NEFmed | Wiier the )
~conditions shown in Table 8 were 59 meV, 3 x 1015 cm™
and 0.45, respectlvely. The_electrophotographic
lightfreceiving'members similarly produced were also
10 'evaluated'in the same manner as in Example 1. As a |
result good electrophotographlc performances 11ke
those in Example 1 were obtained.
That is, also in the case when an intermediate
1ayer'(a lower surface layer)'made to heﬁe a Smaller
15 carbon atom'content than the surface layer was provided
between the photoconduotive iayer and thelsurface iayer |
and at the same time the photoconduorive layer was
functronally'seperated iﬁto two layers comprised of a
charge~generation 1aYer and a charge transporr ;ayer,
Zb ' it.was found preferable to control the Eu tofbe hot
less tﬁan Sb meV to not more than 60 meV, and the DOS
not lesé'than 1 x 10 cm™® to less than 1 x 10* cm3,.
_aod-also_to oohtrol the.Sirig/Si—H'to be not less than
0.1 to'not ﬁore.than o. S in order to obtain good
25 _electrophotographlc performances.

In the same-manner as in Examplell, the

light-receiving members produced were each set in the



an el ectrophot ographic light-receiving nenber was produced here were as
shown in Table 7. Except the foregoing, Exanple 5 was repeated. In the
present Exanple, the Eu, DOS and [err]/Si-H 20 = of the photoconductive

| ayer formed under the condltlons shown Fn8Zable 7. were 56 neV, 1.3 x [err]
and 0. 38, respectively. The electrophotographlc Ilght-rece|V|ng menbers -
simlarly produced were al'so eval uated in the same manner as in Exanpl e 1.
As a 25  : result, good el ect rophot ogr aphi c. performances. I'i ke those in

Exanpl e 1 were obt ai ned hat is, also in. the when t char |
- injection bl oeg?ﬁﬁrf’%} ;oaggp P?@aé'ﬁd:ulsné‘&% &m&e %et? was
constituted of

I b h
t hey mere'distrgﬁﬂbég&ﬂggyﬁhpggg ? %ont Igtn éfa%“1 knegggﬁ d?r:L?Tgn

ound pr of or abi EoP5eRARR, FARRAG, & 8§g’e At O M, e
than 60 meV, andy %PEuE@S ﬁ%behﬁgﬁn tta”tlrahs{f%&f ]aridodl%%% t"‘%ﬂ hx glOlerr],

and al so to contr /'Si-Hto be not less. t 0.1 to not

more than §.5, kas@uéer ik0waht %b&s&%@.@ o St RERARYOA ARidgdgrances. | n
the sane manner as in Exanple t he Ilght-rece|V|ng menbers produced were.
each set in the - Example 9
Using the apparatue shown in Fig. 2, for producing
electrophotographic 1ight—receiVing members by RF;PCVb,
a'lightfreceivingllayer comprised‘of'a charge injection'
10 blocking layer,pa photoconductive'layer and a Surface
layer was formed on a mlrror-finlshed cyllndrical
: alumrnum support of 108 mm diameter under conditions as
.shown in Table 9, to produce a light-receiving member.
In'that course, the cOnditiOns.for forming the
15 'photoconductive iayer were continuously changed in.the
| ' layer thickness direction as'shown in'Table'lo. The
diécharge power.in the cbnditions'for forming the
photoconductive-layer was also continuOusly changed in
‘the layer thickness direction at powers 3 to 8 times
20 the fiow rate of SiH,. Thus, seueralzkinds of
1ight-receiving members were produced. Here, 'thelEu
and DOS of the photoconductive layer were measured at
three points in the film forming conditions, i.e., at
the support side, the middle portlon and the surface
- 25 side, to take sample values, which were simply averaged
to_obtain averages in film.

‘The light-receiving members thus produced were



15 . el ectrophot ographi ¢ apparatus NP6150, manufactured by Canon Inc.,
nodi fied for testing, and i nages were reproduced through a process
conprised of charging, exposure, developnegé transfer and cl eani.ng. As a
result, it was possible to obtain very good’i fages. _ Exanple 8 In-
t he present Exanpl e, an internedi ate |layer (a | ower surface | ayer) made to
have. a smal |l er carbon atom content than the surface |layer was provided
bet ween t he phot oconductive. | ayer -and the.surface layer and at the 25

sane tlne_the_§%£5$q939u55|g§ gf¥8£r§§§o%g9§ébﬁﬁé|gﬁgﬁﬁﬁtbat?g c g?thlayer

| ayers conpris char ge gener at and arge transp

- 81 - Condi ti GRechiWE" NBELSO, %ﬁaﬁh?&étﬁ?&&t BY" eBhRbs rheht - meaeicveay menber
was produced here were as shown in Tab cept the foregoing, Exanple 5

was repeated. Seor testiﬁ@)th&n@r£ﬁ§§é5E¥6ﬂ3|EeprbduEﬁd E6Seeadubter |/ Si - H
of the photoconductive |ayer forned under the conditions shown in . Table 8

were 59 nmeV, 3 thdOdepehdende OofiSchaegeeperformandtbeonl eempephturer aphi c

| i ght-receiving nmenbers simlarly produced were also 10 eval uated i.n the
same mannes as (tempenpterd-dependentspropeytibdse| etheophposyraphenory
performances |ike those in Exanple 1 were obtained. That is, also in the
case when an |nth¢mmm|memory and ghost) and the sensitlvity. -To

evaluate the temperature-dependent properties, the
temperature of the light receiving member was changed
to range from room temperature to about 45 C, at which
10 the charge performance was measured, and changes in |
charge performance.per 1°C of this temperature change_
 were measuredQ A change of 2 V/degree or below was
judged to be acceptable. To evaiuate the exposure
memory, 1mages reproduced were visually judged, and the
- 15 sensit1v1ty was_evaluated on the_baSLS of a
conventional level judged as rank 3 (practical), which
were both judged according to five ranks of 1: very
good, 23 good, 3: practical,'4# no problem inlpractical
use, and 5: a little problematic in practical use.
'20 . When it was difficult to make a clear dietinction
| between the ranks,'e;g., between ranks 1 and 2, it'was
noted as 1.5.
Meanwhile, onfglaes substrates (7059; available -
'from.Corning Glass Works) and siiicon (8i) wafers which
25 . were provided on a cylindricai-sample holder,'several
"kinde of a-Si films were deposited under the.same-

conditions as in forming the photoconductive layer. On



| ayer (a | ower surface |layer) made to -have a smaller 15 carbon atom
content than the surface |ayer was provi ded between the photoconductive

| ayer and the surface layer and at the same tine the photoconductive |ayer
was functionally separated into two |.ayers8fonprised of a charge generation
| ayer and a charge transport layer, 20 it was found preferable to '
control the Eu to bé not |ess than 50 neV to not nore than 60 neV, and the’
DOS not less than 1 x 10[err] to less than 1 x 10[err], and . also to control

th /'Si-H to be not, "1 ta | |
L0l s 25 LEa el b B ok B BB oy ' 2
in Exanple 1, t f - i vi : _ .

I EXTDle 1t ehl SILEEESEL D8I UBL PLONVRRAC R ABRRSEH, i e

modi fied for teéﬁia nghaﬁggtegﬁg?:ic"‘@h‘érggpE:‘Ed-"é‘ﬁ%d ehBOAUAT181PEREASY Eu)

conprised of charging, éxposure, deve ment, transfer and cl eani ng. As a

5  result, it%ﬂﬁstﬂgsaleﬂkgtﬁzoo?b%%h'%e!&e_BY:' aeedlizageon ool wekdlsing
t he apparatus shown 1 n Fig. 2, for producing el ectrophotographic

li ght-recesvi ngnagghieea By BEMPCVEn gekpebit- bEcahe Fdlnayen abeprised of a
charge injection 10 - bl ocking layer, a photoconductive layer and a :
surface | ayer waslioeofiedasiars, ntheohhytirngene contentdwasamealsurieduhysuppor t
of 108 mm di aneter under conditions as o ' _
FTIR. '
Electrophotographic light-receiving members were
-produced in the'same'manner as in Example 9.exeept that
10 the bhotoconductive 1eyer:was formed under conditions
‘not Chanéed (i}e., under fixed eohditions)’in the_layer'
thickﬁees direetioﬁ. The cenditions under which such
electrophotographic 1ight-receiving'members were
_ produeed here were as shown in Table 11.
15 .. Except'the foregoing, Example 9 was'repeated..
._ Results of evaluation on the light-receiving
members produced in Example 9 are ehown in figs. 8 to.
15.
Fig. 8 shows the distribﬁtion of Eu in layer -
20  thickness direction in the photocenductive layere.
Fig. 9 shbwsrthe diStribution of_DOSlin layer thickness
direction in the pheteconducriVe leyers, Fig. 10 shows
the dependence-ef charge performance on temperature
(temperature—dependent,properties) in its relationship
_25 | with average Eu in the photoconductive layers. LFig.-ll
shows the dependence of charge performence on

temperature (temperature—dependent_properties) in its



shown in Table 9, to produce a light-receiving menber. In that course, the
conditions for formng the 15 - photoconductive |ayer weré continuously
changed i-n the | ayer thickness direction as shown in Table 10. The ° :
di scharge power in the conditions for formBBg-the photoconductive |ayer was
al so continuously changed in.the |ayer thickness direction at powers 3 to 8
times 20 the flowrate of [err]. Thus, several kinds of |ight-receiving
menbers were produced. Here, the Eu and DOS of the photoconductive |ayer

were neasured at three points in the filmfornng.conditions,.i. e at the
support side, tRelardanshipr wisth avereQe dibq@§ p Q§95§nqﬂ?€i

val ues, which were sinply. avergaged to t ai n._ave ' gl e

li ght - recei vi ngtA¥RBEErs %ﬁgg B o8 E e‘?xP%s(?%g?‘%en{g(% slé-{.nilt-r?'jan

el ect rophot ogr aphic.a us. . ' i %Hg% JoddAGivE ed by
Canon {nc.,.nnd?ﬁhgalggghggsﬁﬁ%g)%gg%ﬁgghggggJﬂg?%FreprghuCed to eval uate
the dependence of gggtgng . 9RMRREG O HeL BIP G rfemory in its _ _
(tenperature-depex ent properties), the exposure nenoryrzblank menory and -

ghost) andgt he sgiaichiohiship withelerdige DU teAteliphictabepriutsiive
properties, the tenperature of the |light-receiving nmenber was changed to
range from roomhgeper.at pig.t Q4akbidws I rdensaiftinhityh 110 its t he char ge
performance was neasured, and changes in charge performance per 1[err] of
this tenperatur gethzigaship with average Eu in the photoconductive
-_iayers. Fig.'ls_shdws the sensitivity.in its
rélationship with aVerage DOS in the photoconductivg
10 layers;. '
- Reéults_of e&aluatiqn on the 1ight-réceiving
membefs-iﬁ which the Eu and DOS were-not changed in the
1ayer.thidknesé:direction aré shown in Fiés. 16 to 21'.
- As toléhe Eu and DOS'in the photdconductive'layers,
15 vaiues'of Samples'ﬁere simply averaged to 6btain.
averages in film.

Fig. 16 shows the dependeﬁce of chafge performance
on=température.(temperature-dependent prdperties) in
its'relationéhip with avérage Eu in the photoconductivé

20 iayers} “Fig. 17 shows the dependencé of charge
performance on température (tempéréture-dependent
properties) in its relationship with average DOS in thé
phbtoéonductive layers. Fig. 18 shows'the_exposure'f
'membry in its relatiénship_with avérage Eu in the

25 | phgtocbnductive'layers. Fig. 19 éhows the-exposure
‘memory in its relationship with avéfage DOS in the

" photoconductive layers. Fig. 20 shows_the sensitivity

ARe sanple



wer e neasured. A change of 2 V/degree or bel ow was judged to be
acceptable. To evaluate the exposure nenory, inmages reproduced were
visually judged, and the 15 sensitivity _was evaluated on the basis of a
conventional |evel judged as rank 3 (praEtP al”), which were both judged
according to five ranks of 1: very good, 2: good, 3: practical, 4: no
problemin practical use, and 5:-a little problenatic in practical use. 20
Wien it was difficult to make a clear distinction between the ranks, e.g.,

bet ween ranks 1;an b .ed.. 1 I¥%Ep i e, gl ass substrates
(7059;_avaiIabléﬁf$5%1_é?%%%éngpggswszpk??eén sﬁﬁ<§§1§ﬂg)_w@fers_mh!ch 25
were provided ophdt6¥bhadEtesk 3ayREe.NOFdg.; 238 Whicals KiHRAS ﬁsi%i%‘i(f Ims
wer e deposited under the same conditions aS in formng the 5%otocon uct.ive
layer. On -i84itst beldepenchep {ilch® abeirdRed Pds ey ¢haess substrates, Al

conb el ectrodes were formed by vacuum deposition, and the characteristic
energy at the. ephotescbhductave (&werand the density of states of
| ocal i zation (DOS) were 5 measured by CPM In respect of the filnms on
the silicom wafers, Aheidyseegefironntbet abevenrasulds,bytFwel found
El ect rophot ographic 1ight-receiving nenbers were produced in the sane
manner as in ExB@peecppefgrablet hiat coptinuphslyhohengedkbei B lamde DORas
formed under conditions -~ . - ' ' o K
: -of_the photoconductive layer in its thickness direction
(Figs. 8 to 15).so as for the Eu to be not less thén 50
meV to not more than 60 mevV, and'the DOS not less than
10 1 x 10" cm™ to less than 1 x 10% cm3?, on the averége
in film, than to make no such change (Figs. 16 to 21),
in order to obtain better electrbphotographic .
performances. In particular, it was found prefetable
to do so for the_sake of temperature-dependent'
15 properties, exposure memory and senSitivity. In all ,
'samples; the hydrpgeh content was between 10 atoms% and
30 atom%.
" In the same manner as in Example 1, the
light-receiving members produced were each set in the
20 eléctrophotographic apparatus NP6150, mahﬁfactured by
Canon Inc.,_modif;ed for testing, and images were
_réproduced through'a process comprised df charging,
exposure, development, transfer and cieaning. As a
:esult, it was possible to obtain very good'images.
25 ' Example 10 |

In the present Example, the support temperature'_

and-power'changed'in Example 9 were changed in



not changed (i.e., under fixed conditions) in the layer thickness
direction. The conditions under which such electrophotographlc'

| i ght -receiving nenbers were produced here were as shown in Table 11 15
Except the foregoing, Exanple 9 was repeat &7 -Result's of evaluation on the
light-receiving nenbers produced in Exanple 9 are shown in Figs. 8 to 15.

Fig. 8 shows the distribution of Euin |ayer. 20 t hi ckness direction in
the photoconductive |ayers. Fig. 9 shows the distrlbutlon of DOSin |ayer

t hi ckness direction in the photoconductive Iayers g; .10 shows the
dependence of cHiffersats sangese o@q@w@@%r@%wﬂ&c}t Lﬁ“é dependent
properties) in its relationship wi th average Eu i.n

‘phot oconduct i ve eLeF&FoP %@raﬂ‘%&\ﬁgbﬁé’ d‘éerﬂﬁercﬁﬁ%ep’f)%‘?‘f%?%nce

on tenperature mmmauned emit D jes) inits - 85 -

rﬁlationship mn&ﬁ Tav ¥FEGe ﬁé‘ﬂ%ﬁﬁo ctive layers. Fig. 12 shows

t he exposure nmenory i at t i -
_ . Eicep %ﬁ ﬁgﬁﬁw ERNPIE 9P b I efdirea,

phot.oconductive |aye expo re menory |1

rel ationship with avgra eg??ons%m : Mﬁo%&téﬂ%ﬂ&yﬁﬁé of i the 14 Sh'ovvs

the sensitivity in ite re average Eu in the photoconductive
layers. Fig. 1 M&d&&ﬁ%'ﬂaﬁﬂ Yedrhndd SudddAt t10d kb it idnavenegs DOS

i n the photoconductive
in Table 12 were 49 meV and 2. 2 x 10* cm
respectlvely, on the support s1de of the layer..
(initial); 55 meV and 9. 8 x 10* cm™?, respectively, at
10  the middle portlon of the layer; 63 meV and
1.3 x 10 ¢ 4? respectlvely, on the surface side of the
layer}'ahd 56 meV and 4.7 x 10% cm3, respect;vely, on
the average in;fiim; The eleotrophotographic |
_1ight;receiving members similarly'produced were also
15 evaluated in the same manner as in Example 9. As a
result good electrophotographic performances like
those in Example 9 were obtained.
As is seen from the foregoing, better
_electrophotographlc performances were obtained even if
20 " the Eu and DOS were partly outside the above ranges on
the surface side, so long as the Eu was controlled to
be not less than 50 meV to not more than 60 meV, ands
the DOS not less than 1 x 10 cm™ to less than
1 x 10“ cm?, on the average in film. -
- 25 : _ In the same manﬁer as in Example 1, the.
| ligthreceiving members:produced were each'set in the

eiectrophotographic apparatus_NPélso, manufactured by



10 =l ayers. Results of evaluatlon on the. Ilght-rece|V|ng menbers in
which the Eu and DOS were not changed in the |layer thickness direction are
shown in Figs. 16 to 21. As to the Eu and DOS in the photoconductive

| ayers, 15 - values of sanples were &IﬂM%BaVeraged ‘to obtain averages .in
film Fig. 16 shows the dependence of .charge performance on tenperature
(tenperature-dependent properties) in its relationship with average Eu in
the'photoconductive 20 Iayers " Fig. 17 shows the. dependence of charge

Pl bt onei p woRRaR ity oS TREREHGE PERERTT o8 PRERCESRES 11T o\
the exposure ”‘i’%‘b%ddl:éé f::t{zeéxggg{ Qﬂgé\%&ﬁ\ééhc fQ&dEHf'EhéPﬁlﬁé

phot oconduct i v& Tayers e expo ure menory in

rel ationship wessbdas\iﬁreagea&zi_a i€, POLLASHBE UShE VE1 bAYERS . FAQ "a20 shows

the sensitivity - 1n |ts relationship with .average Eu in the
phot oconduct i VQ‘e‘sQMQf S it Rids pdestons tdﬂ%ﬁeﬂﬁntwirir)/gdawl imagekat i onship
with average DOS in t’he phot oconducti ve | ayers. 5 As is seen from -

the abovesesults, igxamgsld amd nore preferable to continuously change the
Eu and DCS of the photoconductive layer in its thickness direction (Figs..
to 15) so as for thadﬂthe)ﬂmesentlmxamphan an 1ntermed1ate layer (a
| lower surface 1ayer) made to have a smaller carbon atom
 content than the surface layer was prov1ded between the
photoconductive layer and the surface layer.

10 Conditions under wbich_an electrobhotbgraphlc
'1ight—receiving'member was produeed here were as shown
in.Table.13. o |
| :Except the.fOregoing,'Example 9 was repeated,

Im'the present Example, the Eu and DOS of the

l5 1'photocohductive layer formed under the-cbnditions shown
in Table 13 were 55 meV and 2.2 x 10" cm, o
respectlvely,'on the average in film. The

',electrophotographlc 11ght-receiving members similarly
produced were also evaluated in the same manner as in

20 Example 9. As a result, good electrophotographlc
performamees like those in Example'Q:were obtained.

That is, also in the case when the intermediare
layer (a.lower SurfaCe.layer) was:prOVided, goqd
| elecfrophetographic performancee were found'te be

25 obtained so long.as tme photoConﬂuCtive layer had the

Eu controlled to be not lees than 50 meV ro not more

than 60 meV, and the DOS not less than 1 x 10" cm™® to



meV to not nore than 60 neV, and the DOS not |ess than 10 1 x 10[err] ‘to
less than 1 x 10[err], on the average in film than to make no such change
(Figs. 16 to 21), in order to obtain better electrophotographic

performances. In particular, it was found §9eferable to do so for the sake .

of tenperature-dependent 15 properties, exposure nenory and sensitivity.
In all sanples, the hydrogen content was between 10 atons% and 30 aton? In
the sanme manner as in Exanple 1, the |light-receiving nmenbers produced were
each set in the 20 electropho&ogr%phic appar atus NP6150, nmanufactured by
Canon Inc., nodi¥essl ¥eantbexihg’ &RT i PRyddhedverags dduddd™hrough a

process conprised of chargi ng, -.exposure, -deyel gpnent, transfer and
cleaning. As a resulin Yﬁgwggm% INBPE 88 bﬁtﬁgﬁmQEFy&goﬁ € mages. 25

chanbed i n Exan 8¢ veree DrONg ciemhe s “BR30ben PRERCHECH gk, 28" Ehe
oroduced her e wiioHE RRfeqEiREy hagarRuLG \Blhor ChEhUENScIRBTEy2"S

was r_epe'atﬂji- S anon n(l:.n hhﬁd.'?ffé&nkogx thn t,hﬁngulﬁg e 99& the

phot oconduct i ve Tayer fornke nder the conditions shown ih Table 12 were 49
nmeV and 2.2 X [ efdgroduced through a process comprised of charging, '

| _exposure, develobment,_transfei and cleaning. As a
[résult,_it was ﬁossible to obtain very good images.
- Example 12 | |
10 N -In'the present Example, a surface layer containing'
‘silicon atoms'and_carbon atoms in the state they_were'
distributed nonFunifbrmly in the layer thickness
direqt;on.was.b?ovided in place of the surface layer in
' Exémplé 9. Conditions under which an
'15  _ electfophbtographic light-receiving;member.was.produged
here were as'shown in Table 14.
Except the foregoing, Example 9 was repeated.
In the present Exaﬁple, the Eu and DOS of the
.photocondﬁctivé-layer formed-under the cbnditions_shown
20, in Table.14 were 52 meV and 5.7 x 10* cm>3, |
| respectively, on the average in film. The
electrbphotograpﬁic light-receiving members similarly
produced were_aléo_evaanted in the same mannér'as in
Example 9. As é result, good eiectrophotbgfaphic .
;25 performances-like those in Example 9 were obtained.
-_That is, also in the case when.the surface layer

containing silicon atoms and carbon atoms in the state



respectively, on the support side of the layer (imtial); 55 nmeV and 9.8 x
10[err], .respectively, at 10 the m ddle portion of the |ayer; 63 neV and
1.3 x 10[err], respectively, on the surface side of the |ayer; and 56 nmeV
and 4.7 -x 10[err], respectively, on the avBPage in film The - . -

el ectrophot ographi c |ight-receiving nenbers simlarly produced were also 15
eval uated i'n the sane manner as in Exanple 9. ~As a result, good :
glectroppotogrﬁph}c performances |ike those in Exanple 9 were obtained. As
is seen fromthe foregoing, betfer electrophatographic, perfqrnmances were -
obt ai néd even i ¥hey werehgdigfriRHtERsnREr U %PF&&Yg&PéFﬁg-é%g above ranges

on the surface-ﬁggngﬁgﬁIéggﬁgg?ggﬁgg%hﬁgééggghrobbgg to be not less-than

50 nmeV to not not Fess than 1 x [err] to

| ess than 1 X 1%‘%%{6}91,8{3%%3gﬁgﬁggfgsﬂeer&%%éaere found ol b@ same

manner as in Ex ceiving nenbers produced were each set

in the electropggkggﬁé?hgg igﬁgrSEU%hQPQEBQOCE%B%E%QbérQ@Y@f had &%e Canon

Inc., nodified For tes i ng, | mages were reproduced through a process
conprised gf chahobBHtr8XR88UES, baeHBOREBR! thaha 58 fevand tlotamore As a

result, it was possible to obtain very good inmges. 5 Example 11 In
t he present Exaﬁﬁhﬁ,Gﬁnmévte&ﬁﬁdkhéeDbSYth(&ess than 1 x 10 cm™ to
less than 1 x 10'¢ émd; on the average in film.
'_Ih the samé manner as in Example 1, then
light-receiving memberé'prodﬁced were each set in the
:iO electrophotogfaphic_ébparatus N?6150,.manufactured-by
Cénon Inc;, modified for'testing, and images-Were
reproduded through a prodess_comp;iéed of charging,
exbosure,'development, trahsfer and cleaﬁiﬁg; 'As a.
reSulf; it was possible to obtain very good images.
15 | Examglells | _ _

In_thé present E#ample, as a light absorbing layér
fdf preVenting occurrence of inferfergnce fringes due
to light refle&ted from the support, an IR abso:bing

';ayer forméd of ambrphous silicon germanium was
20 provided between thé-support and the charge ihjection
blocking layer. Conditions under whidh'an
' eléctrobhotbgraphic ;ight—feceiving member_wés pfpduced
here were as shown in Table 15;
._'Ekcept'the foregoing, Example 9 was fepeafed.
25 In the preéent Example,.the'Eu_and DOS of the
| photoconductive layer formed under the conditioné shown

in Table 15 were 57 meV and 4.8 x 10 cm?,



l'ower surface |layer) nmade to have a smaller carbon atom content than the
surface | ayer was provided between the photoconductive |ayer and the
surface |layer. 10 Condi ti ons under which an el ect rophot ogr aphi ¢ :

| i ght -recei ving menber was produced: here wftle -as shown in Table 13. ‘Except
the foregoing, Exanple.9 was repeated. In the present Exanple, the Eu and
DCS of the 15 phot oconductive | ayer fornmed under the conditions shown in
Table 13 were 55 neV and 2.2 x 10[err] respectively, on the average in

fil The el ect hot hic 1i larl duced
ver e al 5o oval uERFITT AL Joah ) receiéa“é%“%ef‘hfaaﬁf&m 9. AS a result,
d el ect h f
Sbea rea. ooy IARRAH AR WA SAMNPAL SRS Saletey,
surface |ayer) \ﬁqs_mg{ %?1: %%ﬁ&{}éﬂlﬁtﬂgrﬁ@'&d@rﬁﬁﬂ@f‘cﬁé ygre
al ned so a

found to be 25 ong as otoconductive layer d the Eu
control led to beyaglolleess, th@é@:égﬁiﬁodwd ErECtRphStodEphaad the DOS
not less than 1 X.10[err] to -89 - less than 1 x 10[err .on the
average insfi | mpelrfdriarfRie ke @hoe iih Ewaipre 19 v Iatgttam@ael ving -
menbers produced were each set in the el ectrophotographic apparatus- NP6150,
manuf actured by 5 - 'm‘m*toria MN@lsomit filexl dase twisn n@s andligheges were

absorbing layer for preventing occurrence of

interference fringes_due to 1ight reflected from the

.support, tbe IR absorbing layer was provided between
10 | .the'supportgand the'charge injection blocking iayer,

- good electrophotographic oerformances were found_to be

obtained t=Te) long as the photoconductive layer had the

Eu controlled to be not less than 50 meV to not more

- than 60 meV, and the DOS not less than 1 x 104 cm‘3 to
15 less . than 1x 1016 m3, on the average in film.

In the same manner as-in Example 1, the
light-receiving members produced were each set in the
electrophotographic:apparatus.NP6150, manufactured by
Canon Inc., modified for testing, and.images were

20 .' reproduced through a process'comprised of charging,
-exposure,_development, transfer and cleaning. As a
' result, it was possible to obtain uery good images. R
Example 14 | | | |
In the'present Example; the apparatus ahown'in'
25 Fig. 3,'for-producing electrophotographic |
| light-receiving members by VHF-PCVD in place of the

RF-PCVD in Example'g was used. A ligbt?receiving layer



reproduced t hrough a process conprised of charging, exposure, devel opnent,
transfer ‘and cleaning. As a result, it was possible to obtain very good *
i mmges. Exanple 12 10 = In the preseni, Exanple, . a surface |ayer
containing silicon atonms and carbon atons iif"the state they were -

di stributed non-uniformy in the layer thickness direction was provided in
pl ace of the surface |ayer in Exanple 9. Conditions under which an 15

el ectrophot ographi c i ght-receiving nenber was produced here were as shown
in Table 14. Ex | Ro1¢=TeTel SHEHh t he present
Exanpl e, the Eu an% gﬁ%%gifﬁg cg%\hozt‘%on u%ii’g%/aéﬁf%iyer fo?drr%aa %&I:l’dg? t he
condi tions showphgtddbnBlt 8 v VFer Hnd®Y SFEdcd XaysF 'fas ' £SHREA1 ¥R! Y,

on the average in film The el ectrophotographic |ight-receiving nmenbers .
simlarly produgeehiwaicr-aist shed Wtethdfidde SPuRimEn Kippert io£Xa0pl e 9.

As a result, good el ectrophotographic 25 performances |1 ke those in.
Exanpl e 9 were gt dizemkterhaindes; cormdi tiondeas astiowiein tTabkeirfGcetdayer
containing silicon atons and carbon atonms in the state - - 90 - they were

di stri but ed nonpnedugeniay liighterecgivringimsmieas. di Frecthatn orrrse ovthed,
good el ect r ophot ogr aphi ¢ perfornmances were found to be obtained so | ong as
t he photoconducgpn§ﬂ§%g§s[ﬂg;tﬂg;ming.the_photoconductive layer were

continuously chénged in thé layer thickness direcfion _
as shown in Tab1e l7._ The discharge'power in_the'. |
conditions for forming the phdtocbnductive layer was
10 'also'continuous;y changed'in tﬁe layer thickness
directioﬁ at powers 3 to 8 times the flow réte.qf,SiH4.
'Thus,ISeverél kinds of light-recéiving membefs were
produced. Here, the Eu and DOS of the photoconducfive
layer ﬁere measured at three points in fhe film forming
15 conditions, i.e., at the support side, the middle |
portion and the surface side,'fo_take éamplé values,
_ whicﬁ were simﬁly averaged to obtain averages in film,.
Except the foregoing, Example 9 was rebeated;
Then, on_gléss subsfrates (7059; available from
20 | Corning Glass Works) and a'silidon.(Si).wafer which
were provided on a cylindrical éample holder, seVéral
kinds of a-Si films were deposited under the same.
constant conaifions as those shown in Table 17. On the
: deposited'films formed on the glass substrétes, Al comb
_25 électrodes'were formed by vapor deposition, and the
Cha:acteristic"ehefgy at'the'exponential tail (Eﬁ) and

the density of'states of 1ocalization (DOS) were :



5 Eu controlled to be not |ess than 50 neV to not nore than 60 neV, and
the DOS not less than 1 x [err] to less than 1 x 10[err], on the average in
film . In the sane manner as in Exanple 1, the light-receiving nenbers
produced were each set inthe 10 el ectT-ophot ogr aphi ¢ appar.at us NP6150,
manuf actured by Canon Inc., nodified for testing, and i nages were
reproduced through a process conprised of charging, exposure, devel oprent,.
transfer and cleaning. As a result, it was possible to obtain very good '

i mages. 15 ' Exanpl nt [ ESE appl eg. a_li absor bi n
Iaygr for preveﬁlﬁ_%d“roergub?% é‘%:% of rnf%?ﬁ &én%é gﬁ%n&e@ﬁu‘é}ltgﬁ i ght k
reflected fromt} SAn ' I r e hgus
silicon ger nani'l%%v?/hs B yéfelggrl'ovﬁld%ﬁcgév@en 'tél%lgég{ﬁgp‘g?%i 'g% t é&cﬁgrge _

i njection bl ockigagd ayer. Conditions under which an el ectrophotographic
| i ght-receiving nenber was produced here were as shown in Table 15. Except .

the foregoi ng, Exanplgh “héSsdmpemdmtbr 28s in Exampletdg whesent Exanpl e,
the Eu and DOS of the photoconductive | ayer forned under the conditions
shown in Tabl e 13gy-ardoei®Madmenbdrs peodiced werdleaches@ecinvehy, on
the average in film The el ectrophotographic |ight-receiving nenbers
simlarly prodummmmmmmppamtm Ganeopyimgrmnashime
2NP6150,'manufactured by'Canon'Iﬁc., modified for
testing), and images were reproduced to evelﬁeteuthe
depeﬁdenee of charge performance_oh'tempefature
_iO (temﬁerature—dependent properties), the eprsure memory
(blank memory and ghost) and the sensitivity. |
As the'resﬁlt, the':elatioﬁship between the
ldieeharge power.and the support temperature and the
'relatienehip between the Eh or DOS and the
15 .'temperafure-dependent properties, exposure memory or
sensitivity were the same as those in Exaﬁple 9, end it
Hwae found preferable to change the Eu and DOS in the
-1ayer thickness direction so as to be not less than 50
meV to not more thane60 meV and not less than
20 1 x 10" em™ to less than 1 x 10 cm?,.respectively, on -
-~ the average in film, in order to ebtain good .
electrophotographic performances. |
:In.the eaﬁe manner as-in Exemple 1, the
1ight4receivihg members produced were each set in the.
25 '.eleettophotographic apparetus NPélSO,-manufactured by
Canen'Inc;; modified for teSting,_andlimages were

repfoduced.through a process compfised of charging,



Exanple 9. As a.result, good - el ect r ophot ographic 5 per formances. | i ke
those in Exanple 9 were obtained. That is, also in the case when, as a

| i ght absorbing layer for preventing occurrence of interference frlnges due
to light reflected fromthe support, the R 94bsor bi ng | ayer was provi ded.
between 10 - the support and the charge injection blocking |ayer, good
electrophotographlc performances were found to be obtained so |ong as the
phot oconductive | ayer had the Eu controlled to be not less than 50 neV to

not nore than 609§§ﬁsyﬁgd Eh% Q@%m %f %%PLQ%h %ﬁé:gﬁégﬁin. o l@ | ess

than 1 x 10[err] e’av e I'n e sane manne r1%kanple'

1, the light-r ecga&umq rr&rrb%eNg%%g %‘1% WY S %erycgédae images.

el ect r ophot ogr aphic apbaratus manuf act ured by non I nc. nodlfled

for testing, and i mages %ﬂﬁiﬁ 19 reproduced t hrough a process conprlsed
of charging, exposure evelopnent, transfer and cleaning. As aresult, it

was possible to obtai invehy peegenRERampedMRIs albms) ddpaibilles Tt Exanpl e,

t'he apparatus shown in 25 Fig. 3, for produ0|ng el ectrophot ographic
| i ght-receiging ﬁBﬁhebilhngVUBnBG\ilﬂilvﬁ.tgl agypeqf nitrdden’@damsn wetrepl e 9
was used.” A light-receiving layer . - 92 - conprised of a charge injection

bl ocking | ayer, prpmbtiedomducthevsuh:ipee dayex suv fpleeed @fecazraErf @toas on
| | _ Conditions undexr which an electrophotographic
light-receiving member was produced here were as shown
~in. Table 18. | |
10 | Except the foregoing, Example 14 was repeated.

In the present'Example, the ﬁu and DOS of-the
photoconductive layer formed under the conditions shown'
in Table 18 were 51 meV and 3. 8 x 10“ cm3,
respectively, on the support side of the layer

15  (initial); 55 meV and 1.3 x 1015 cm*; respectively, at
the middle portion of the layer, 59 mev and 3.7 x 10%"

-3, respectively, on the surface side of the layer;

cm
and 55 meV and 1.8 x 10'® cm™®, respectively, on the
average in film. The electrOphotographic |
20 light-receiving members similarly produced were'also
evaldated in the same manner as in Example 9. As a
result, good electrophotographic performances like'.
those in Example 9 were obtained. |
. That is, also in the case when;_as atomS'capable
25- of'controlling conductivity type, nitrogen atoms were
provided in the surface layer in'place of carbon atoms,

good electrophotographic performanCes were found to be



I

a mrror-finished cylindrical alum num support of 108 nm di anet er under
conditions as shown in Table 16, to 5 produce a |ight-receiving nenber.
In that course, the conditions for forning the photoconductive | ayer were
continuously changed in the |ayer thickness9®irection as shown in Table 17.
The di scharge power in the conditions for formng the photoconductive | ayer
was 10 al so continuously changed in the layer thickness direction at
powers 3 to 8 tines the flow rate of SiH4. Thus, several kinds of

Lant- 7 d d.DOS_of th

phat oconduct | ve TEEARSR 6 Or%%eglﬁetﬁgaabﬁevﬁtl 438 EYPF hefofheng 15
ditions, i at Q? iy t h f

g?Sel, !tgntsake se{gn‘f)l e°r5/ Cl’ers ‘Pv#ﬁ[' ?ﬁé\j\dﬁ?g is'1|gn%‘l gﬁéﬁ/e?ggé ?ngg?gl ﬁog.\%rergggs

in film Except ¢ a?qmngan Ngs ié%éatﬁg i’hgnmﬁncg.J-a

substrates (7059 ava from rning ass rks) and .a silicon

(Si) wafer which gL eciphpvi dech @ ém9y| bAd ithieA lavedayet ikolgdam, several
kinds of a-Si films were deposited under the same constant condi-tions as

those shows in Tabl e #Y.théedhe miemesit&d inl PRafpraey, oghéhe gl ass )
substrates, Al conb 25 el ectrodes were forned by vapor deposition, and-

t he characteristlxghxmr@peiﬂinﬁmmenmm&nenprodutedIwéfﬂ)eacﬂ sét danshey of
states of l|ocalization (DOS): were - 93 - neasured by CPM In respect of
t he fllns on trmelectrophotographic apparatus NP6150 manufactured by :
Canon Inc., modified for testing, and images were
| reprodnced throngh a processlcomprised_of charging,
:iO ' enposure,.development,.transfer and cleaning. As a
lresult,'it was possible to obtain very good images.
' Examgle 16 | |
In the'present Exaﬁple,.the_charge injeotion
_blocking_lajar.was-omitted and thefphotoconduotive
15 iayer was COnStitnted of a'first'lafer region
| containing carbon atoms in the state they were
distributed non-uniformIY-in the layer thicknese
diredtion and a-second layer region containing
'_substantially no oarbon.atoms. Conditions nnder which
20 _ an electrophotographic 1ight-receiving member was
produced here were as shown in Table 19.
--Enoept the foregoing, Example 13 was repeated.
In the present Example, the Eu and DOS of the
'photoconductlve layer formed under the condltlons shown
25 in Table 19 were 59 meV and 2.3 x 10% cm?,
respectively, on the average in film. The

electrophotographio light-receiving members similarly



silicon wafers, the hydrogen content was neasured by FTIR In the sane
manner as in Exanple 9, the 5 l'ight-receiving nenbers produced were each
set in an el ectrophotographi c apparatus (a_copyi ng machi ne NP6150, '
manuf act ured by Canon Inc., nodified for-t88trng), and i nages were
reproduced to eval uate the dependence of charge performance on tenperature
10 (tenperature-dependent.properties), t he exposure nenory (bl ank nmenory
and ghost) and the sensitivity. As the result the relationship between the

di sch d h | at hi p, bet

the Eu or bob. D ﬁ%eﬁsv%g?g?é%ssrgﬁai e tioit o PO MPtee o o
t f d

raferanl e to crsipblend: £, A0 e BRREE tﬁ%ﬁa%e A T

to be not |ess éess ?ﬂ HE&%tﬂiﬁ tHBLE Eﬂaﬁxﬂg E%VQa%@rQOEbk%&%ehha” 20

1 x 10[err] to an 1 x 10[err respectlve y, on the average in fllm

in order to obtain Q@HQteiQCtaQQBOEﬁgtﬁéhbﬁséehh@h”%hQE&ha el he sane _
manner as in Exanple 1, the’ | i.ght-receiving nenbers produced were each set

in the 255 el osjeephohopLopRifigapagest wasNBaitedmandf abieur ed by Canon
Inc., nodified for testing, and inmages were repr oduced t-hrough a process .
conpri sed of Chamgtogonducﬁﬂve layer was constltuted of a first layer
region containing carbon atoms in the state they were
~distributed non-uniformly in the layer thickness
‘direction and a_second layer region containing
IlO substantially no Carbon atoms, good electrophotographic
performances were found'to be_obtained so long as the
_photoconductive'layer had the Eu-controlled to be not
' 1ess than 50 meV to not more than 60 meV, and the DOS
not less than 1 x 10 om™ to less than 1 x 10 cm™, on
15 the average in film. |
.In'the same manner as in Example 1, the
- light-receiving members produced were each set in the
'electrophotographic apparatus NP6150, manufactured by
Canon inc;, modified for testing, and images were
20 reproduced_through a orocess comprieed_of'charging,_
exposure, development, transfer and.cleaning. As a
- reeult,-it was possible to obtain verv good images..
Example 17 | | "
-_In the'present Example, an intermediate layer (a
25 lower eurface"layer) made to have a smaller carbon atom
‘content than the ‘surface layer was provided between the

photoconductive layer and the surface layer and at the



exposure, devel opnent, transfer and cleaning. As a result, it was possible
to obtsain very good i nages. Exanple 15 In the present Exanple, as atons
capabl e of 5 controlling conductivity t@ nitrogen atons were provided
in the surface layer in place of carbon at o Condi tions under which an

el ectrophot ographic i ght-receiving nenber was produced here were as shown
in Table 18. 10 - Except the foregoing, Exanple 14 was repeated. In

t he present Exanple, the.Eu and DCS of the photoconductlve | ayer forned

d h di '
onder the condLiggs SHRvRr sRERbeCIBUS SN IR 0k Ther et
1.3 x 10[err], é@ﬁ?ﬁﬁté&elﬂxtoattwtha%@ Sl Fe ey 59 meV and

3.7 x 10[err] [err respectively, on the surface side of the layer; and 55

nmeV and 1.8 x [Qéﬁbra't@%ﬁeg.h'ﬁéQJ BndoR Kharyeeashdgbrt [18yerlhe
el ect r ophot ographi c 20 i ght-receiving nmenbers simlarly produced were

al so eval uated contheisaseufiderevhich arbelytrdphoApgrapad t, good

el ect rophot ogr aphi ¢ perfornmances |like those in Exanple 9 were obtai ned.
That is, abso i hight-reseiviiag, mesbeiowa s graduseth hereofwesmntasolshown
conductivity type, nitrogen atons were provided in the surface |layer in

pl ace of carboniatﬂnbleQBGd el ectrophot ographi ¢ performances were found to

be
Except the foregoxng, Example 13 was repeated.

' In the present Example,.the Eu and DOS of the
photoconductive layer forned under the'conditions shown
10  in Table 20 were 55 meV and 2 x 10 cm, respeotively,'
~ on the average in film. The electrophotographic
1ight-receiving nembers.similarly'broduced were also
evaluated in the same manner as in Example 9. Ae a
'result; good electrophotographic performancee like
15 those in Example 9 were obtained.

That-is, also'in the case'when the intermediate
layer (a lower surface layer).made to have a smaller
carbon.atom content'than the surface layer was provided
between the photoconductive layer and the surface layer

20 and at the same time the photoconductive"layer ﬁas
'functional;Y'separated into two layers comprised of a
charge_generation layer and a oharge transport layer,

5 good electrophotographio performanoes were found to be '
'_obtained'so long.as the photoconductive layer had the |

25 Eu controlled to be not less than 50 meV to not more

than 60 meV, and the DOS not less than 1 x 10 cm™ to

less than 1 x 1016 m-3, on the_average in film.



- 95 - obtainéd so long as the photoconductive |ayer had the Eu controlled

to be not

| ess than 50 neV to not- nore than 60 neV, and the DOS not

| ess

than 1 x 10[err] to less than 1 x 10[err], on the average in film 5

In the same manner as in Exanple 1, the 19 #ft -1 ecei vi ng menmbers produced
wer e each set in the el ectrophotographi c apparatus NP6150, manufactured by
, nodified for testing, and i mages were reproduced through a
process conprised of charging, 10 exposure, devel opnent, transfer -and:

Canon | nc.

cl eani ng.

As i, i _ i bl 0 obtai 00d. i :
16 ILn the presgn{ eSE;&:?plt:g;,[e rﬁ%%ﬁ%qeééch E)E?fl‘%fél)]%r(?ﬁﬁ’goﬁ ;rag\g: :
and the phot 0CORqyRll Y& ki vind HeHbI® SRRlddd! fkSledel IS 12YBe " eal On

cont ai ni ng carbonatons 1n t

the layer thickpggs
substantially no car

e
were di stributed non-uni

Exanpl e
omtted

ormy in

e e L o T e

el ect rophot ogr apiinen iTgl.," HRIIE I8 BRI HedBind), UL Sthdlfis W& as shown
in Table 19. Except the foregoing, Exanple 13 was repeated. In the

Exanpl e,

t Be EUreptddudzed tHivulghle Grivbads \tonpyidfed @fashargig |

conditions shown 25 in Table 19 were 59 nmeV and 2.3 x [err] respect

on the average ex

simlarly

10

Examgle'18

pr esent
he
ively,.

poisune, HevedloprteraphcimemsfEy and giiteareioeg vi A nenber s

result, it was possibie to obtain Very good images.

Using the apparatus shown in Fig. 2, for producing

.eleCtrophbtographic light~receiving members by RF-PCVD,-

a light—reéeiving layer comprised of a charge injection

.blocking layer, a photoconductive layer and a surface

‘layer was formed on a mirror4finished cylindricai

15

aluminum support of 108 mm diameter under conditions as

shown in Table 21, to pfoduéefa light-receiving member.'

| In thét course, the conditions for forming the

20

25

photoconductive layer were.continuously chahged in the
iayer thickness direction as shown in Table 22. The
dischargé power in the conditions for forming the
photoconductive layer was alsolcohtihuéusly changed in
the iayer-thiékness direction'at powers 3 to 8 tiﬁés.
the flow;rate of SiH4. Thus,'several.kinds of
light-receiving ﬁembers were produced. Here, the Eu -

and DOS of the photoconductive layer were measured at

) three points in the'film forming conditions, i.e., at

the support side, the middle portion and the surface

side, to také'sémple values, which were simply averaged



- 96 - produced were also evaluated in the sanme manner as in Exanple 9. As
a result, good el ectrophot ographic péerformances.like those in Exnmaple 9
were obtained. That is, also in the case mﬁ n the charge 5 i nj ection
blocklng | ayer was omitted and the photoCo guctlve | ayer was constituted of
a first layer region containing carbon atons in the staté they were’

di stributed non-uniformy-in the.layer thickness direction and a second
l'ayer region containing 10 - substantially no carbon atons, good '

electrophotogragp Spegk Boggﬁggégsmghefgﬁ nd.-to be obtained so long as the
t

phot oconducti ve Tayer u controlled to be not |ess than 50 neV to

not nore than 60 neVghandihhe-PESeRotnyeheniteds thuslQrediled Wadeess than
1 x 10[err], on 15  the average in film In the same manner as in Exanple

1, the light-reggiMi BatMERDARS elEetiophotootaphile Spparatiise (a copying

el ect r ophot ogr aphi ¢ appar at us NP6150, nmanufactured by Canon Inc., nodified
for testing, anslachigesNPé16020manufeptatededyt ImanmghImqor,ommb.ﬁ;@q:)ri sed
of charging, exposure, developnent transfer and cleaning. As a result, it
was. possi b§e t ofobt testiegy,gend images. wErsnpleprofuced R @V@jé#ﬂtqzxarrpl e,
an internedi ate layer (a 25  lower surface layer) nade to have a snaller
carbon at om contbet dependences gff gharggy PEriLIMANSE P& UsPPRFATUNR

phot oconductive |ayer and the surface layer and at the
(temperature-dependent properties) and the smeared

images in intense exposure. To evaluate the
temperature-dependent properties, the temperature of
10  the light-receiving member was cbanged to range_from
| room temperature.to about 45°C, at which'the charge
"performance was-measured and changes in charge
performance per 1°C of this temperature change were
r_measured. A change of 2 V/degree or below was’ Judged
15 to be.acCeptable.l To evaluate-the smeared images in |
intense exp0sure, images reproduced were Visually B
judged according to five ranks of l:_very good, 2:
good, 3: practical, 4: no problem in practical use, and
5: a little problematic in practical use-in some
20 instances. When it was difficult to make a clear
distinction between the ranks, e.g., between ranks 1
and 2, it was noted as 1.5. |
Meanwhile, on glass substrates (7059; aVailable
from COrning'Glass_wOrks) and.silicon (Si)_wafers which
25 -were provided on alcylindrical sample holder, several
kinds of.a-Si films were depoSited under the same

conditions as in forming the photoconductive layer. On



- 97 - same tine the photoconductive |layer was functionally separated into
two | ayers conprised of- a charge generation | ayer and a charge transport

| ayer. Conditions under which an el ectrophotographic 5  light-receiving
menber was produced here were as shown iIT ﬁﬂﬁe?ZO. Except the foregoing
Exanpl e 13 was repeated. In the present Exanple,. the Eu and DCS of the
phot oconducti ve | ayer fornmed under the conditions shown 10 I n Tabl.-e 20
were 55 meV and 2 x 10[err], respectively, on the average in film The )

el ect rophot ogr appig 44ghL1EERCEY1AG_FBERERS oA FHbAgh ks SdgedavaLe S0
evaluated in the same nmanner as’ in Exanple 8, a“result, goog-

el ectrophot ogr ap8éb PE1 £QEFBACESwbL&e £dPmed 590%%pb9'5é?63&%i8nwehﬁd
obtained. That is, also I1n the case when the internediate |ayer (a |ower

surface layer) npde éRabaveeniseitl eﬁeegirba_m.-%hemes:gaheauhmar&a&he(mr)f ace
| ayer was provided between the photoconductive |ayer and the surface |ayer

20 and at theasdnthéi densheypbot scasdscbifviobaytzatdont (DOS)owarey .
separated into two |layers conprised of a charge generation. |layer and a
charge’ transpor tméaseredgbpdCEMect Inphespgcapbifc ther Edimanoasthere found to
be obtained so | ong as -the photoconductive |ayer had the 25 Eu '
controll ed to beshbicomswafesns, Stheehydsogen pongentawagompesureddbyhe DOS
not Iess-than 1 éTigfr} tq_less than 1 x 10[err], on the average Ln fiLm
Electrophotographié'iight-receiving members.were.
produced in the same manner as in Example 9'except that
10 the.photoconductivé layer was forméd.ﬁnder conditions
| not changed (i.e., under fixed conditions)-in the layer
thickness direction. The conditions under whidh such |
'an-electrophotégraphic lightfréCeiving member was
produéed here wérelas shown.in Table 23. |
15 . .Exdept the foregoing, Example 9 was repeated.
Results of evaluation on the lighf-receiving
members produced in Exaﬁple.Q are.shéwn in'Figr. 22 to
- 27. |
Fig. 22 shows rhe distribution of Eu in layer
20 thickness direction'iﬁ the photoconductive 1ayers.
| Fig. 23 shows the distribution of DOS in layer |
thickness-direction in the photoconductiﬁe layers.
Fig. 24 shows the dependence of charge'perfqrmahcé on
temperature (temperature—dependent propertieé) ih-its
25  '_relationéhip ﬁith average Eu in the photoconductiﬁe |
layers. Fig. 25 showsithe dependence of charge |

'performanée on temperature (temperature~dépendent



- 98 - I'n the sanme manner as in Exanple 1, the light-receiving nmenbers .
produced were each-set in the electrophotographic apparatus NP6150,
manuf act ured by Canon Inc., nodified for testing, and images were 5
reproduced through a process conprised of t@argi ng, exposure, devel opnent,
transfer and cleaning.. As-a result, it was possible to obtain very good
images. Exanple 18 Using the -apparatus shown in Fig. 2, for producing 10
el ectrophot ographi c i ght-receiving nenbers by RF-PCVD, a |ight-receiving

R 7% el A s
Tabl e 21, tgppr&&ﬁﬁQQQHQWﬁﬁ%M%SiQXﬁ§ﬁ;ynﬁﬁﬂwfaéhﬁﬂﬁﬁg%gé|%&§§ %ﬂ |n.
n'the Layer « nriRHERS 1 AT FRS 4 rEte SRR EReRE Sl 70T
in the conditi o%%efr%rq%%{lﬂ\eiq? éﬂée;tg%%?(%&e}g@;@gﬂyguﬁ&é@sl ayefg Wagy al so

conti nuously changé ayer direction at powers 3 to 8

tinmes the fg ow 195l 'dnlearel Unady it 1 ki diiiSe Qxpodiitte s eitd ng |
nmenbers were produced. Here, the Eu and DOS of the photoconductive |ayer -
vere neasured atred%tiordHigs widHEvdradd ends | 1n fetien piiptorshducnivei . e.

at the support side, the mddl e portion and_the surface
- layers. ' C :
Results of evaluation on the light-receiving
membefsfin which the Eu and DOS were not changéd'in the
10 1ayer:thicknesé direction are shown in Figs. 28 to 31.

h As to the Eu and DOS in the photoconductive layers,
values of samplés were simﬁly avéraged fo obtain
éverages in filﬁ;'” R

fig. 28 shows the dependence of charge performance
15 on temperaﬁure (temperature-dependent prbberties) in
 its_re1éti6nship'with average Eu in the phofoc0nductive
'léyers. Fig. 29 shows the dependence of charge
_performance on temperature (temperétu:e-dependent
. .properties) in its ré1étionship with average DOS in the
20 photoconducﬁive layers. Fig. 30 shows the smeared
images in intense exposure in itS':elatibnship with
average Eu in.the photoconductive layers. Fig. 31
shows the_sméa:ed images in intense exposure in its
_ relationship withiavérége DOS in the-photocondﬁctive_
25 layers.
| As is seen from the above results, it was found

more preferéble_to'continuously change the Eu and DOS



side, to take sanple val ues, which were sinply averaged - 99 - to obtain
averages’in film The light-receiving nenbers thus produced were each set
in an el ectrophot ographic apparatus (a coe&gag machi ne NP6150, nanuf act ured
by Canon Inc., nodified 5 - for testing) d” i mages were reproduced to
eval uate the dependence of charge performance on tenperature
(t.enper at ur e- dependent .properties) and the sneared inmages in.intense
exposure.. To eval uate the tenperature dependent properties, the tenperature

of 10  the |iggt ?tE-.SC P}Slt a%% gnged 1tt% fers%mdﬂ:(ggtion

tenperature to , char ge” pef ornance Was measur ed,

and changes in ghapge Bor kel E%’)C%op%% Jflﬁr thedled o ey o

wer e nmeasured.’ ange of 2 V/degree or below was judged 1 to be

acceptable. Tosevakyate hbe mERS’ tHanMB0CheV) iHHERHR DORPTHYE 1dgBges
reproduced were visually judged according to five ranks of 1: very good, 2:

good, 3: practienbn 4 xNQOpr hl-tntd MeEscEhaml 1 use104nem3, onl ithel e

probl ematic in practical use in sonme 20 instances. Wen it was difficult
t o nake a Bl ear avesagectinofibet wehant te makles noe sjch iohiangen (Fdgss 28&nd 2,
It was noted as 1.5. Meanwhile, on glass substrates (7059; available from .

Corni ng 3 ass V‘!:ok@)-)andnsplrdeo‘ntpSthMmbgmrc@lwtrommldzed on a

cyllndrlcal sanpl e hol der, - several
_ performances. In particular, it was found preferable

to do so for the sake'of temperatureédependent-
prcperties and the'smeared images in intense expcsure.
10 In all samples;_the hydrogen content was between 10 |
atoms¥ and 30 atom%. ' |
-In-tne.same manner as in Example 1 the.
light receiving members produced were each set in the
electrophotographic apparatus NP6150 manufactured by
15 Canon Inc., modified for testing, and images were
reproduced through a process ccmprised of charging,
exposure, development, transfer and cleaning. As a
result, it was possible to obtain very good images.
Example 19
20 _ In_the-present Example, the"support'temperature
and poWer changed in Example 18 were changed'in |
_different_ranges.-'Ccnditions under which an
electrophotographic light—receiuing_member was produced
here were as shoﬁngin Table 24. | | |
25 i ' Except the foregoing, Example-lleas repeated.
| In tne presentjEkample; the Eu and DOS of the

photoconductive laYer formed under the conditions shown



ki nds of a-Si filns were deposited under the sanme conditions as in formng

t he phot oconductive layer. . On - - 100 - the deposited filns formed on the -

gl ass substrates, A conb el ectrodes were formed by vapor deposition, and
the characteristic energy at the exponenti &P3tai| (Eu) and the density of
states of localization (DOS) were 5 measured by CPM In respect of the
films on the silicon wafers, the hydrogen content was measured by FTIR

El ect rophot ographi ¢ |ight-receiving nenbers were produced in the sane

manner as in Exaples ) &4, Q%: %é]ngée%l ?V-aﬁgez'p@o;%@ndgﬁtai ve |layer was.

f ormed under condi t’i ons ndf e., under f1Xxed coﬁditions)_ﬁn t he

| ayer thickness ,di d Th (t  ohoerc
SRR TN 0B LB U £ Nefclaga:

el ectr ophot ogr a recel vi ng menber was produced here were as shown

in Table 23. 15 (injitial FXOSPimdVean® £I®I 0010EX3HP, € rRspretioRadl cht
Results of -evaluation on the light-receiving nmenbers produced in Exanple 9

are shown in Fi gthe 2iddle ortibn 22f stinaslayer i 48 rmévtand of . Eu in |ayer
20 t hi ckness direction in the photoconductive |ayers. Fig. 23 shows the
di stributi & of D@ % rMndAyem—3; hrekpestidielgst bon the shrfpoet eidedod ithe
| ayers. Fig. 24 shows the dependence of charge performance on tenperature
(tenper at ur e- depewant gndpEs el )and 7¢@ x 10*° cm™, respectively, on
the'average in film; The.electrophbtographic
light-receiving members similarly prbduced wefe élso.'
.evaluatéd in'the same manner as in Example 18. As a
10 ' resﬁlt, gqod electrophdtographic performances like.
- those in Exampie 18 were obtained.
. As is-seen-from the foregoing, better.
' electrophbtograbhic performances were found to'be
obfaiﬁéd even.if'the Eu and Dds_were paftiy outside.the
_15 , above ranges on fhe support side, so_ldng as the Eu was
controlléd to be not iess than 50 meV fo not more than
60 meV, and the DOS notiless than 1 x 10 cm™® to less
than 1 x 10'® cm™, on the average in film. |
In the same mahner_as in Example 1, the
20 light-receiving members produced were'each_set'in_the
electrophotographic apparatus NP6150, manufactured by
Candn Inc., modified for'testing, and images were -
::eproduced.through'a process comprised of charging,
equsure,'development, transfer and cleaning. As a
 25 result, it was possible to.obtain very good images.
| Exaﬁgle 20

In the preSent Example, an_infermediate laYer (a



25 relationship with average Eu in the photoconductive |ayers. - Fig. 25
shows t he dependence of charge perfornmance on tenperature

(t enper at ur e- dependent - 101 - properties) inits relationship with
average DOS in the photoconductive layers.104ig. 26 shows the sneared

i mages in-intense exposure in its relationship with average Eu in the

phot oconductive |layers. Fig. 27 5 shows the sneared inmages in intense
exposure in its relationship with average DOS in the photoconductive .
| ayers. Results_of evaluation.on t eliégu-r ceivin ers Lq?whic t he
Eu and DOS wer e LRYETCFYTFAFS Aaygs ) Jade | AY%izd HLEEIYN A

shown in Figs. %8"%%5%13%‘%3\%%%& g, f#4ang J gediv{}’oé g&og%ﬂe%%%ééﬂet e

| ayers, val ues . re sinply aver n averages rn film

Fig. 28 shows tgﬁno%gggg‘%%q_v@‘ 1 Ig.%nraerge %ﬁ&aﬁt | tenperature

(tenperature-dependent propertiesy initsr average Eu in
the phot oconduckbk@i'ed¥pss unded whdcH QS di1SpHARIagHiLhar ge

performance on tenperature (tenperature-dependent properties) inits :
rel ati onshgp W jhgaterageibdng hehibRr’Gas pgrvdud didiid YWra ¥ Sshown §. 30

shows the sneared inages in intense exposure in its relationship with
average Eu in tha mablec@sductive layers. Fig. 31 shows the sneared images
in intense exposure inits _
Except the foregoing, Example 18 was repeated.
 In the pfesent Ekample; the Eu and DOS of_the
phétoconducfive layer formed under the conditions shown
10  in Table 25 were 53 meV and 1.2 x 10'S cm®,
respedtiQely,.on the average in film. The'
electrbphotogfaphic iight-receiving members similarly
produced werejaiso evaluated in the same manner as in
Examplé 18. As a result, good.electrophotogréphic
15 . performances 1ike those in Example 18 were obtained.
That_is,.also in the case when the intermediate
layer (a lower surface layer) was provided;_good
electrdphbtographic performances were found to be
.obfained so long as the photoconductive layer had'theﬁ
20 .Eu.controlled to be not less than 50 meV to not more
than 60 meV, and the DOS not less than 1 x'lo“ cm™® to
_less than 1 x 10 cm™, on the average in film.
" In the same manner as.in Exampie 1,_the
,light-receiviﬁg members produced were each set in fhe
25 - electrophotographic apparatus NP6150, manufactured by

Canon Inc., modified_for testing, and images were

reproduced through a process comprised of charging,



relati onship with average DOS in the photoconductive 25 | ayers. As is -

seen fromthe above results, it was found nore preferable to continuously

change t-he Eu and DOS - 102 - of the photoconductive layer inits '
t hi ckness direction (Figs. 22 to 25) so aslP8r-the Eu to be not less than

50 meV to not nore than 60 meV,. and the DOS not ‘less than 1 x 10[err] to
|l ess than I x 10 [err], on the 5 = average in film than to nake no such

change (Figs. 28 to 31), in order to obtain better el ectrophotographic

performances. In-.particular, it was found preferabl e t so for_the sake
of tenperature- Eé‘;?gﬁi’é?ﬂ' | qq“éeé‘%ndt’fﬂgé%a?ré %h%%é]gr%'n -i;ﬁ%eﬁse -
exposure. 10 1n_ all saml.es, the.hydroge Pt RS, 0 atons%
and 30 atonbe Iﬁetsr\‘gl'ts'arﬁ% %ansnquégl%e E‘Sg%n%gg{&?-%r I %%?-rec%le%f ng
menbers produced wer %;@%éeﬂl in the el ectrophot ographi c apparatus NP6150,

manuf act ured by 15 ., nodified for testing, and inmages were

reproduced through a fy QRS LBt IBehid1&Nad %Ma@pm%éﬁ,cmgiﬂpﬁgnt .
transfer and cleaning. As a result, it was possible to obtain very good

i mages. Ex&pl e shd i#dbn atoms drll dErivie seEdmExpiptite §tetes Utihoytwere

tenperature and power changed in Exanple 18 were changed i.n different

ranges. Condi t iqirscnitsigfedvticri-urii formly in the layer thickness
direction was provided_iﬁ place of the surface 1ayer'in_
Example 1i8. Conditions under which an |
electrophotographic 1ight—recéi?ing ﬁembér was prbaﬁced

10 here were as sh6wn in Table 26.

Except the foregoing, Example 18 was repeated.

In.-the present Example, the.Eu and DOS qf the
photocondﬁctive layer formea-under the cohditions shown
in Taﬁie 26 were 51 meV and 6.7 x 10 cm3,

.15 ' :espectively, on thé average in filﬁ._ The
electrophotographic 1ight—receiving members similarly
produced were also evaluated in the same.manher as in
Example 18. As a result, good electrophotographic

_ pefformanCes like those in_Examplé 18 were obtained.

20 . That.is, aisofin*fhe case when the.su:face layer
containing silicon.atbms and carbon atoms in the.state
fhej were distributed nén-uniformly in the layer
thickness direction was'providéd; good |
elecfrophotographic performandes wére.found to be

25 obtained so long as the bhotodonductive layer had the

| Eu controlled to be not less than 50 meV to not more

than 60 meV, and the DOS not less than 1 x 10" cm® to



electrdphotographic | i ght-receiving nenber was produced here were as shown

In Table 24. 25 ~ Except the foregoing, Exanple 18 was repeated. In
the present Exanple, the Eu and DOS of the photoconductive |ayer forned
under the conditions shown - 103 - in-TaPbe-24 were 64 neV and 2.0 x

10[err], respectively, on the support side of the layer (initial); 53 neV
and 7.8 .x 10[err], respectively, at the nmddle portion of the layer; 48 neV
and 5 2.2 x 10 [err], respectively, on the surface side of the |ayer;
and 55 neV and 7.0 x 10[err], regpeckively, on the average.in film The
el ect r ophot ogr apfi®® 1% _5#éﬁé“§id3“nenﬁ€r§h§iﬁVP&PF? ﬁPo%&&@d were al so
evaluated in the sa ner_as in Example 18._As 10 result, good
el ect r ophot ogr aphi cmgélrn%(r)}}ef’raﬁ%es BIRER h%%e:-"r? nE@Eﬁ*ﬁ‘ e118t%r e obtained.. As
Is seen fromthe.f | NG, t1.0 r | C for ce re
%ﬁgﬁf%§%ﬁ1lﬁfﬁ§éﬁﬁgﬁﬂf§ L& eddHl 'Ly éh%g

found to be obtai u and were partily outside the

above ranges Qnéﬂaﬁﬁyaﬁﬂaﬂoéiéﬁhiéfhﬂﬁgﬁhfﬁftﬁﬁ?ﬁ%?gwﬁhﬁﬁ¥ﬁé€*fé@ 5%abe

not- Il ess than 50 nmeV to not "nore than 60 meV, and the DOS not [ess than 1 x

10[err] tosl ess ddmdh hne. L0dificd £ Cu@ERdS, idhd iidBgdd wéwe Sane
manner as in Exanple 1, the 20 | i ght-receiving nmenbers produced were
each set in the relprdidueRiiDitIARH G JRiadsi schniidDéed e Wl giggl, by
' 'exposgre;'development, transfer and'cleaning. As a
result, it was possible fo'obtain'Very good images;
Example 22 | |
-IC - . In.the presént'EXample, as a light absorbing iayer
for-preventing occurrencé of intefference'fringes due
to light reflected from the suppdrt, an IR absorbing
layer formed of amorphbus silicbn-germahium was |
- p#ovided between the support and the chéfge injection
15 blocking layer. Conditions under which an. |
| electraphotographic light-receiving member was produced
he:e were as shown in Table 27. |
Except fhe foregoing, Exampié 18 was repeated.
In the'present Example, the Eu and DOS of the
20 photoconductive layer formed under the conditions shown
in Table 27 were 58 mev and 4.2 x 10*° cm®,
,reSpecfively, on the average in film. The
eleétrophotographic light4receiving members-similarly
_ producéd were also evalﬁated iﬁ the same manner as in
25 -~ Example 18. As é result, good.electrophotographic
| perforﬁanqes like those in E#ample 18 were obtained;

That is, also in the case when, as a light



Canon I nc., nodi fied for testing, and images were reproduced through a
process conprised of charging, exposure, devel opnent, transfer and
cleaning. As a 25  result, it was p035|§kﬁ%to obtai n very good i mages.

Exanpl e 20 In the present Exanple an int
| ower surface | ayer) nade to have-a snmller carbon atomcontent than the

diate layer (a - 104 -

surface | ayer was provi ded between the photoconductive |ayer and the

surface | ayer.

i ght-receivin
t he foregoing,

Condi ti ons under which an el ectrophotographic 5

S repea

DOS of the phot prepgegtbyge! 'Mﬁgaar gae ¢adeighte redlectednEromowhel 0

Table 25 were 53 meV and 1.2 x 1

film The el ectsgpperegr 8nsi ¢rl abbbrbmgl Layermeaise pxovidiedabetweesduced
were al so evaluated in the sane nmanner as i.n Exanple 18. As a result,

[err], respectively, on the average in

eIectrophotograﬁheCsﬁﬁportpandothenchargekendbm$QOMnbEp@#me I@Wﬁéhe

obt ai ned. That

is, also in the case when the intermedi ate | ayer. (a | ower

surface | a§jer) gasdpedectedphgtograpbdc: DEFEOSHERSESC WeZEr SOVRL &0 e e
found to be obtained so Iong as the photoconductive |ayer had_t et%P-
a e

controll ed to bebhainedssot

10

ngses et@hm§pqqﬁqyctive layer ha

Eu controlled to_be oot.less than 50 meV to oot.more
than 60 meV, and the DOS not less than 1 * 104 em™® to
less than 1 x 10* cm, on the average in £ilm,

In the same manner as in Example 1, the

. light-receiving members produced were each set in the

. electrophotographic apparatus NP6150, manufactured by

15

20

Canon Inc., modified for testlng, and images were
reproduced through a process comprised of charglng,
exposure, development, transfer and cleaning. As a
result,-it was possible to obtéin'very good'images.

Example 23 |

In the present Example, the apparatus shown in
Fig. 3, for producing electrophotographic
light-receiving members by VHF-PCVD in place'of;the

RF-PCVD in Example 18 was used. A light-receiving

3 1ayer'comprised of a charge injection blocking layer, a

25

photoconductlve layer and a surface layer was formed on

‘a mirror- ~-finished cylindrical aluminum support of 108

mm diameter under conditions as. shown in Table 28, to

produce a light-receiving member; In that course, the

- conditions for forming the-photoconductiVe layer were

g d d X hewncien oFabl e 25 Exce t
%§§§%ﬁ%“§giﬁg&9 443 Fg ?EPﬁgt eégfgéent Exghple the Eu agd

in

good

Eu



than 60 neV, and the DOS not less than'1l x [err] to less than 1 x 10[err],
on the average in film 1n the sanme manner as in Exanple 1, the ) E

| i ght-receiving nmenbers produced were each set in the 25 L :
el ectrophot ogr aphi ¢ apparatus NP6150, marufl@8t wred by Canon Inc., nodified
for testing, and i nages were reproduced through a process conprised of

char gi ng, - 105 - exposure, developnment, transfer and cleaning. As a
result, it was possible to obtain very good i mages. Exanple 21 In the
present Exanple, a surface |ayer containing 5 silicon atons and carbon’

atons in the st santinyouske changed irdthRnlayer obpigknessndirggeion
t hi ckness direction was provided in place of the surface Iaigr I n Exanpl e

18. COnditionSQ§uﬁ§°Wﬁﬂ¥ﬂl?ﬂp¥ﬁ(ﬁﬁrcwﬁkﬁd@+%$h?€9?igﬂveFe i theg menber
Exarpl o 16 was FORAAEPRY fox reonri the BhBratondiSEive Spd §85: ne
photocondu_ctive_él er {Hﬁk ol é&ﬂgﬂt'ﬁgslé ¥W%E{E ég 26 were 51
meV and 6.7 X [era@ %&[ resp _tlvge}F%/, on t#le_ avefée)lge I'n ,;llq?m The- .
et e TR Sohhdl L mhpieed der e o
el ect r ophot ogr aiius P YdWIFENA8nd4 ko tHORRE L Fe b tVTHE HénEES WbEai ned.
produced. Here, the Eu and.DOS.of the photoconductive
iayer were measured at three'points in the film'forming
conditibns; i.e., at the suppoft side, the middle
10 ,éortidn and the surface side, to take sample values,
which were simply'everaged'to obtain averages in film;-
Except the'foregoing, Example 18 was repeated.
Then, on glass substrates (7059;.available from
Corning Glass Works) and.a silicen (Si) wafer which 
15 were providedlon'a cylihdrical_sample holder, several
_kinds of a-Si films were deposited under the same
constant conditions as those shown in Table 29. On the
deposited films formed on the glass substrates, Al_comb
electrodes were formed by vapor deposition, and the
20 - characteristic eﬁergy at the exponential tail (Eﬁ) and
the density of states of 1ocalizatioﬁ (DOS) were
meaéu:ed by CPM. Ih respect of the films on the
silicon wafers, the hydrogen content was measured byl
FTIR. |
25 In the same.manner as in EXample 18, the
light-receiving membere produced were each'eet'in an

. electrophotographic apparatus (a copYing‘machine



20 That is;_also in the case when the surface Layer-confaining
silicon atons and carbon-atons in the state they were distributed
non-uniforfmy in the |layer thickness direction was provided, good

el ect r ophot ogr aphi ¢ performances were fountd?o-be 25 obtai ned so | ong as
t he photoconductive |layer had the Eu controlled to be not |ess than 50 neVv
to not nore than 60 neV, and the DOS not less than 1 x 10[err] to - 106

- less than 1 x 10[err], on the average in film In the sane manner as in

Exanple 1, the |light-receiving nenbers produced were each set_in the
eIectrophotograﬁﬁgésgprP§P5§gNP6f§0PyhﬁﬁﬁF%bﬂﬁde ppHfiedof0m Inc.

Z‘Sﬁ{olfriigd_f of ch %%F-%aig‘?giBhggﬁﬁ?g%%e%%%%%%%t. iR the A o
: i i ' ' . 10

oL T v EaaanRbickOR RGP O BAGAG 10
oceurrence of | UiehparaBhsel HEPARRLHILe piddd:tied C RO Uath (i SuppOrt.

an | R absorbi ng ormed of -anor phous~si |1 con germani um was provi ded

bet ween t hg suppﬂagegngntﬁﬁtghgéggxbaggyg_on 15 bl ocki ng | ayer.
Condi ti ons under i ch an el ectrophot ographic |ight-receiving nenber was

produced here were agssgRanreBulabl ehd’ refsrdpinship beteeeinnghdxanpl e 18
was repeated. . - . _ o '
discharge power and the support temperature and the
felationship bétween the Eu or DOS and the
femperature-dependent properties_or smeared images in
10 intense exposure were.the same és those in Example 18,
and it wés found preferable to change the Eu and DOS in
the layer thiékness direction so as to bé_hot less than
50 meV to not more than 60 meV and not less than |
- 1 x 10" cm™ to less than 1 x 10 cm®, respectively, on
.15-.- the average in'film, in order to obtain good
| electrophotographic performanqes.'

In the same ménner as in Example 1, the
lighf-receiving members produced ﬁere each set in the
electrophotog:aphic apparatus NP6150, manufactured by

20 - Canon Inc., mpdified for testing, and images ﬁere
reproduced thrqﬁgh a process comprised of charging,
exposure, development, transfer and cleaning. As a
result, it was possible to obtain véry.gobd images.

Example 24

25 In the present Example, as atoms capable of
controlling COndhctivity type,.nitrbgen atoms were

provided in the surface layer in place of carbon atoms.
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In the present Exanple, the Eu and DOS of the 20 phot oconducti ve | ayer
formed under the conditions shown in Table 27 were 58 neV and 4.2 x [err],
respectively, on the average in film The el ectrophotographic

| i ght-receiving nmenbers simlarly producedl¥@re al so evaluated in the sane

manner as in 25 Exanple 18. As a result, good el ectrophotographic
performances |ike those in Exanple 18 were obtained. That is; also in the
case when, as a light = - 107 - absorbing layer for preventing occurrence

of interference fringes due to light.reflected fram.,the s rt, the IR
absor bi-ng | ayercﬁﬁglgFBPFdé‘E‘dﬁé't \Wg‘éﬁht iy 's?ﬁ';ﬁft'ﬁoP IRFgREE %‘?ge injection

bl ocking | ayer, .5 .~ .el.ect 0 ' Ly re. fauad. to be
obt ai ned so | on@jlggtt %gggﬁgfig@or%%ﬂ%%%vg{al%ggg%cﬁgééfhe Eu%vcszeoz\r%r% l'ed to be
not | ess than SEnnﬁ 18 g t nore t han 60 neV, and the DOS not less than 1 x
[err] to less than x"10[err], on the average in film 10 In the

same manner as in Exgiebtl thehEorieddlinistC Hxadnisl B Riss HMaphirsa wer e each
set in the eIectrophotog?ﬁphic apparatuéFNP615 , manufactured by Canon

Inc., nodigied for tegtiche predenthExaniles iy @il 0D ugh thepr ocess |
conprised of charging, 15 ‘exposure, devel opnment, transfer and cleaning.
As a result, itphetopondukitdvio lalyex fommed gouler rkhge sordddniyines Zhown
| | in Table 30 were 62 meV and 5.8 x 10 cm, |
respectively, on the support side of the layer
' (initial); 57 mevV and 6.3 x 10 om*,;respectivéiy, at
10 the middle portion'of the 1ayer;-47'meV and' |
1.7 % 10“.cm4, réspectively, on the surféce side of the
layer; and 52 meV and 2.2 x 10%° .cm3, respectively, on
the average in_film.' The_electrophotogranhio
1ight;récéiving members similarly produced weré also
15 evaluated in the same manner as in Ekample 18, As a
result, good electrophotographic performances like
‘those in Exanpie 18 nere obtained.
Thnt is,‘also in the case when, aslatoms capable
of controlling conductivity type, nitrogen atoms were
20 provided in the surface layer'in place of carbon otoms;
_good-electrophotographic performancés were found to be
obtained so long as the photoconductive layér had the
" Eu controiled to be not less thon 50 meV to not more
than 60 meV, and the DOS not less than 1 x 10%* cm® to
25 léss than 1 x-iO“.cm*, on the average in film.
| In the same manner as in Examplé'l, the

light-receiving members produced were each set in the



o e oL v T mmaeme s Ll EReeem L i i ey e e e Ty TR el T ULV, e eSS Y

In .the present Exanple, the apparatus shown in Fig. 3, for producing

el ect rophot ogr aphi ¢ 20 | i ght-receiving nmenbers by VHF-PCVD i n pl ace of
the RF-PCVD in Exanple 18 was used. A light-receiving |ayer conprised of a
charge injection blocking layer, a photocdiducti ve | ayer and a surface

| ayer was formed on a mrror-finished cylindrical alum num support of 108
25 .- mmdianeter under conditions as shown in Table 28, to produce a

li ght-receiving menber. In that course, the conditions for forming the

[ ' - - i 1Sl h ' f he, |
Phi Ghnaoe. di 'rZﬁ%#%%@%gﬁﬁéﬁaﬂrmh%%ﬁﬁgp‘é%%%%z%%%; Ay TR rPal o
diti f ] h . I VE i_puous
changed i the CEhEhERbTC HOGIRSEACAEY ¥BacRNY, MR BrdGeRCU ALY,

flowrate of S rJ&HéedS*Eﬁ%ég?kE”B§oﬁ£s§i CBhprasea’ bid Ry We! ©

produced. ‘Here, the Eu and DOS t he phot oconductive | ayer measur ed

at three poi nt sexposhife| | 88vERHPMBALS ORERhEERY ahdCcledhihlde SWap@t side,
the middle 10 . portion and the surface side, to take sanple val ues, which

were sinply averegelit} oibbiyasnpessibByestbnobithin keegpiyoble imageeqi ng,
Exanpl e 18 was repeated. Then, on gl ass substrates (7059; available from
Corning 3 ass Wr ks)Ezamphes26i con (Si) wafer which 15 were provi ded on
a cylindrical sanple holder, several kinds of a-Si filnms were deposited
under the sane In the present Example, the charge injection
blocking layer was omitted and the photoconductivee
layer'waSICOnstituted of a first layer region

10 containing carbon atoms in the state they were
dist;ibuted ﬁonFunifo;mly in the layer thiekness
direction andla eecond layer region containing
subetanfially hO'carbon atoms. Conditions under which
an. electrophotographic iight-reeeiving member was

15 produced'here were.as shown in Table 31. |

Exéebt.the foregoing,'Example.Zz ﬁas repeated._.

In the present Example, the Eu and DOS of the
photocdnductive layer formed under the conditions shown
in Table-Si we?e 56 meV and 1.3 x 10" cm™®,

20 respectively, on the everage'in-filﬁ. The
electrophotographic light-receiving members similarly
produced.were also evaluated in the eame manner as in.
Example_l&. As a result, good electrephotog:aphic
performencee like those in Example 18 were obtained.

25 | That is, alse in the case when the charge

‘injection blocking layer was omitted and the

photoconductive layer was constituted of a first layer



constant conditions as those shown in Table 29. On the deposited filns
fornmed on the glass substrates, Al conb el ectrodes were-formed by vapor
deposition, and the 20 characteristic energy at the exponential tail
(Eu) 'and. the density of states of | ocal izdthi%rn (DOS) were neasured by CPM
In respect of the films on the silicon wafers, the hydrogen content was
nmeasured by FTIR .25 In the same manner as in Exanple 18, the

| i ght-receiving nenbers. produced were each set in an el ectrophotographic

apparatus (a C%y#w? BSHESEning cdPPon MNESHE01nTRA afealeae@hag, (apn Inc.,
[N te the _

nodi fied for test , and 1 mages were reproduced to eval ua

dependence of Qﬂﬁéﬁ%&ﬂﬁ%&@rﬁ@ﬂﬂﬁnﬂﬁoﬁﬁﬂ??iﬁFHhé 1hgaPeERl BkAzggPENdent
properties) and the sneared 5 i mages i n i ntense exposure. As the result,

the rel ationshigihsttesn ahe &i S6ébondclapup’ ragiohheoataRAihgt enperature
and the rel ationship between the Eu or DOS and the tenperature-dependent

properties or susseshtialPg ne dérboni atemse gapdsaelecveophbiegraphias
those in Exanple 18, and it was found preferable to change the Eu and DOS
in the | ayer tipeifrgeanitescréna found to be abtained sbahoBg asVthe not
nore than 60 neV and not less than 1 x 10[err] to less than 1 x 10Q[err],
respectivel y, dhaoconduetiverbgeer nhad| thei Fuoeantrobledt tbnbgonat
' | less thaﬁ 50'meV'to not mbre'than 60 méV, and the DOS
‘not less than 1 x 10" cm™ to less than 1 x 10* cm, on
.the'average in film. - |
10 In the same manner as in E#ample 1, the
light-receiving members produced_wé;e each set in the
: electrdphotograéhic apparatus NP6150, manufactured by
Canon Inc., modified for testing, énd images were
reprod;ced_through a procéss comprised of charging,
15 ° - exposure, deveiopﬁent, transfer and cleaning. As a
result, it was possible tb obtain very good'imagés.
' Example 26 | |
In the brésent Example, an intermediate.laYer (a
lower surfadé layer) made to have a smaller carbon atom
20 content than the surface layer was provided betﬁeen the
photoconductive layer and the surface léyer and at the
same time the photoconductive layer was functionally
separated into two iayers compriséd of a qharge
generation layer and a.chérge transport layer.
25 Conditions under which an electrophotographic

light-receiving member was produced here were as shown

in Table 32.



el ectrophot ographi c performances. In the sane manner as in Exanple 1, the
l'ight-receiving nenbers produced were each set in the el ectrophotographic
-apparat us NP6150, - nanuf actured by 20 __gggoa Inc., nodified for testing,
~and i mages were reproduced through a proCéSs conprised of charging, _
exposure, devel opnent, transfer and cleaning. As a result, it was possible -
to obtain very good images. ‘Exanple 24 25 =~ In the present Exanple,-
~as atons capable of ‘controlling conductivity type, nitrogen atons were
provided in the surdasspt aped £OrdyGLeg Of ERARPLE 2 0FEs repeatdd.-
Condi ti ons under which an el ectrophotographic |ight-receiving menber was.
produced here were |Es tHw\WreéderdtbEcamdle FXER@t Ell hend oDBgObAJthEXanpl e 23
was repeated. 5 . In the present Exanple, the Eu and DOCS of the '
phot oconduct i \whdtnmndurtieve Uskgsr t fermed dubdenstbéovonditIabsesBOwner e 62
meV and 5.8 x 10[err], respectively, on the support side of the [|ayer :
(initial); 57 ime\Tabtike 32 wekeri] meesandtd vyl 0% acmTy) respestivédin
portion of the layer; 47 nmeV and 1.7 x 10[err], respectively, -on the o
surface 9 de &m tthe |agerageintn 501y a'Phlezelzes;th@mwgrmgé@ct ively, on

the average in film The el ectrophotographic_|ight-receiving menbers
sinilarly p“m*igﬁ;Wﬁgqg;yggg3members similarly produced weré also -

evaluatéd in the same manner as in Ekample 18. As a_'
result, good eledtrophbtogréphic performances like
those in Example 18 were obtained.

10 :That_is, also in the case when.the intermediate
layer (a'lower.surfacé layer) made to'ﬁave'a smaller“
cérbon étom cbnteﬁt than the surface layer was provided
betweeh the phofoconductiVe layer and the surface layer
aﬁd at the same time the photbconductivé lafef'ﬁas

15 _ fundtionally_separétéd intdftwo”layers comprised of a
chargé.generation léYér and ax dharge_t:ansport layer,
good électfophotogtaphic performances were found to be
.obtainedlso long as the phbtoconductive.layer had the
Eu controlled to be not less than 50 meV to not more

20 than 60 meV, and the DOS not less than 1 x .:L()“'cm‘3 tbf

1 less than 1 x 10“-¢m4, on the average in film.

In the same manner as in Example 1, the
iight-recei%ing membérs producedlwe:e1each set in.the
electfophofbgfaphic apparatus NP6150, manufadtured by

25  Canon Inc., modified for testing, and images wére N
reprcduced thiough a process comprised of chargiﬁg,

exposure, development, transfer and cleaning. Asla _



15 . evaluated in the sane manner as in Exanple 18. As a result, good

el ect rophot ogr aphi ¢ perf or mances | i ke those in Exanple 18 were obtai ned.
That is, also in the case when, as atons capable of controlling .
conductiV|ty type, nitrogen atons were 20 ll4provided in the. surface Iayer
in place of carbon atons, good el ectrophotographic perfornmances were found
to be obtained so |long as the photoconductive. layer had the Eu controlled.
to be not less than 50 neV to not nore than 60 neV, and the DOS not |ess

than 1 x [err] to 25 .. less than 1 x 10] erréE on the aver ge infilm In
t he sanme nanner r&suli.Bignmwas PosHPlie i -9 E%’r’i‘/l‘ﬁi;r siRIRfted were |
each set ‘in the -el ect rophqt ographi ¢ apparatus NP6150, nanufactured by :
Canon Inc., nodified g, and |nages mere reproduced through a

process conprlsed of har ex e t4 ang _
g(ean: ng. As }F g(g tq% “’b%é) ‘ﬁ bﬁqé tg&g{% very égo | rra%lerég
am)e25lnt &3 t 1lpyen, was
omtted and the [e‘)lh oc%@t@@%{kﬁay %a%%esiflt ed(ljélgl%é)iaé)fl rg'?FI ayer -
region 10 ﬂ%&%&@ﬂiﬁ{b A A Brd Ted e SofpR1S&®YoRes eorhisgs i but ed

non- unlforn1y |n t e layer thickness direction and a second | ayer .region
cont ai ni ng_ substiadcililon MLSHAL FdyEE, LopRbtocosdurEve Whysr 2and a

electrophotographlc l'i ght -recei ving nenber -was
surface layer were formed on mirror-finished
cylindrical aluminum supports of 108 mm diameter under‘_
conditions as shown in Tables 33 and 34, to produce |
lO llght-receiv1ng members. Especlally w1th regard to the
rconditions for:forming the photoconductive layer the
dlscharge power (A x B) was flxed at 450 W by selecting
900 sccm as the total A of the flow rates of materlal
gas and dilute gas and 0. 5 as the constant B, ‘where the :
15 constant C was changed w1th respect to the total A, 900
sccm, of the flow rates of material gas and dilute gas
to produce a plurallty of light-receiving members with
different'flow rates (A x C) ofla_gas containing the
element belonging to Group IIIb of the periodic table.
'20 - The light—receiving members thus produced were
3each set in an electrophotographlc apparatus (a copying
machlne NP6150 manufactured by Canon Inc., modified
for testlng), and 1mages were reproduced to evaluate
the charge performance, the sen51t1v1ty, the dependence
25 ofpcharge performance on_temperature' |
'(temperature-dependent_properties), the eXposure,memory_'

" and the charge_potential shift in continuous charging.3



15 =~ produced here were as shown in Table 31. Except the fore90|ng,

Exanpl e 22 was repeated. In the present.Exanple, the Eu and DOS of the
photoconductive |ayer fornmed under the conditions shown in Table 31 were 56
meV and 1.3 x 10[err], 20 respectively,l¥nh the average in film The

el ect r ophot ogr.aphi-c Ilght-rece|V|ng menber s S|n1larly produced were .al so
eval uated in the sanme manner as in Exanple 18. As a result, good

el ectrophot ographic -perfornmances I|ke those in Exanple 18 were obtained. 25

h t cking | a er mas
om tted and ¢ he phot BiangUES0ePPEsEPRRHEe Sk Ehalated by v :
112 - region copd gf eﬁ@r?ﬁ-c gingnvgﬂeaggagﬁgaggﬁ ﬁ& |§?trlbUted

non-uniformy in't ayer i rectl a se regi qn

cont ai ni ng Sub%@éﬁt%iﬂof Ghat8Phg ggﬁenegommﬁ " eghgt gaLapdl ¢ o

performances were found to e 0 so l'ong as the phot oconducti ve Iayer

had the Eu Contés)sérﬂdl%;oigekéﬁ% b6ﬁ§taﬁen 5@haﬁ¥hhega%eif?6%mh%e @Qﬁe
an

and the DOS not |ess.t 1 x 10[err] to less than err], on't
average ir6fil nevdluated accordihg senehpeaneanRs bf Exageba,l2:t ke :
l'i ght-receiving nenmbers produced were each set in‘the electrophotographlc
appar at us NP613§JrObkmmfmtpmadtmaI:ause | and, 3eodi ﬂ.ieﬂléoprbb&emagicand

|nages nere lln practical use_ln some instances. Here, the rank 1
is an'instance where the charge performance is 550-V or
more.: In tne case of rank 1, it_becomes'pcssible to

10 | expand the freedom-.and also save energy, of devices.
attached as functional members, e.g., to save power of
charging currents and to make.the corona assembly
smaller in size. The rank 2 is an insfanceﬁwhere the
charge-performance is not'less.than.400 V to less tnan

- 15 ‘550 V and there is no problem in practical'use.. The
rank 3 is an instance where rhe charge:performance_is
1ess_than 400 V. . In the case of rank 3, the charging
' currents tend to be excessive to cause a lowering of
sensitivity, tending to result in photosensitive
20 members with a low contrast.
The sensitiviry'is indicated by a vaiue of
measurement'of the amount of expcsnre required when fhe
.'charge potential comes'to stand at 200 V when the
1ight-receiéing member is exposed tollight after the
25' ~ value of charglng currents flow1ng to a ‘corona assembly :
o has been determlned so as to give a charge potential of

400 V. The sen51t1v1ty was evaluated according to. four



reproduced through a process conprised of charging, 15 exposure,

devel opment, transfer and cl eani ng. “As aresult, it was possible to obtain
very good i mages. Exanple 26 In the present Exanple an internediate | ayer
(a lower surface layer) nmade to have a smﬂi@w carbon atom 20 cont ent
than the .surface |ayer was -provi ded between ‘the photoconductive | ayer and
the surface layer and at the sane time the photoconductive |ayer was
functionally separated into two |ayers conprised of a charge generation

Laver and a chajgaelr QBSPOT hohaye! 1028 (volNoblidns Aundss Wl G

el ect r ophot ogr aphi c ITg recei ving duCéd here were as shown

i n Tabl e 32. gxc t g g n2 qﬁggy In . -
t he present Exa%%%ag)fhe Egﬁgﬁdggcggés ?hg Bﬁg%%conguc fgg%ﬁgsgk f or'med
under the condi $4@ng: Shov8 be ﬁabée(§21mQ%§e5 rEBYeﬁBQi% AnlPr@icdtical
respectively, 5 . on the average in fil el ect rophot ogr aphi c

l'i ght-receivi nguganbﬁrsoﬁenlhathncééqduasdumahg &heo asvahttaosd emdémeresarre "
manner as in Exanple 18. As a result, good el ectrophotographic

performances |id&e ahoenventfbnamlmigﬂtwreeembﬁagnmémbéﬁ as 100. That is,
also in the case when the internedi ate |ayer (a | ower surface | ayer) nade
to have a smaller caTbentampﬂraburendephadenMepsopéa¢éesayve wadipﬁdmxhed

as an absolute value corresponding to the amount of
changes in charge performance per 1°C of temperature
change measured when the.temperature of the. | |

10 light-receiving_member is'changed”to.range from.room.

B temperature to'45°cl at.which'the charge performance'is_

measured. The temperature-dependent properties were
evaluated according to three ranks of A: Within
2V/degree (good), B: 2 to 3 V/degree (no problem in

15, practical use),’ and C: more than 3 V/degree (a little
problematic in practical use in some instances)‘

_ The exposure memory is indicated by a light memory
~potential measured in the following way. First, the
charging current of a main corona assembly is adjusted

20 'so that the dark portion potential at a development
| poSition comes to he 400 v, and_the voltage at which a
'halogen.lamp for irradiating an original is lighted is
adjusted so that the light portion.potential comes to
be #50V_when transfer paper (A3 sise) is used as an
25 original. 1In that state, between the.case when'the.
halogen lamp is lighted only on the image leading partr

and the case when the halogen lamp is not lighted, a



bet ween 't he phot oconductive |ayer and -the surface |ayer and at thé& sane

ti-me the photoconductive layer was 15 @ functionally separated into two
| ayers conprised of a charge generation |ayer and ax charge transport o
| ayer, good el ectrophot ographi ¢ performan Wwere found to be obtained so

l.ong. as the photoconductive |ayer had the Eu controlled to be not |ess thah-
50 meV to not nore 20 than 60 neV, and the DCOS not less than 1 x [err]
to less than 1 X [err] , on the average in film |In the same manner as-in

@ hot o SHPRELEECIVE RO RIRELE PROMGRD YEER163chesthel 1 L 1e

el ect r ophot ogr appara manuf ac non I nc.

modi fied for tesid gy expoﬁ?@ﬁ 1€ ﬁ%%@ﬂéi@@n h QMBHra prLacesa

conprised of charglng, eve oprment, transfer and. creanlng As a

- 114 - result,pdteBEaPOSE! BAE i;ﬁagatféaaazﬁgypgeed PgBgestnE¥anpl e 27
Usi ng the- apparatus shown in Fig. 2, for produci ng el ectrophotographic

| i ght-recei vi ngnessirss €y dEt&ebhe Sthe Light- nekeryi petbayeas.eathe

conprised of a charge injection blocking |ayer, a photoconductive |ayer and t
a surface § ayerexgpssufe rmetony was revaiuated:edccyi:dndgl tal feunnranks
supports of 108 nm di anet er .under -conditions as: shown in Tables 33 and 34,
to produce 10 of |ighs-Veceilesy treebrgood Fspdei 101y QrtheSSQQQOOdd,the,
condltlons for form ng the photoconductive |ayer, the
3: 15 ] or 1ess (no problem in practical use), and 4:
more than 15 V (a little problematic in practical use
~ in some instences). | o | |
10 - - The charge potential shift in continubﬁs charging
is indieeted as an absolute ﬁaiue corresponding to- the
_ahoﬁnt of'changes in charge'petfotmance when
.continuously driven for 5 minutes.,'The charge
potential shift in contlnuous charging was evaluated
15 aecprdlng to four_ranks of 1: 5 Vor less (very gocd),
2: 5 to 10 V (good), 3: 10 to 15 V (no problem in
practical'use), and 4: more than 15 Vv (a little
problematic in practical use in some 1nstances).
Results of the evaluation on the above five items
20 are shown in Table 35.
' As is seen from the_eveluatibn resultsh(Table 35)
'in Example 27,'the COnditioh necessary for the |
ldependence of eherge peffofmance on teﬁperature
(tempereture-dependent properties) to be within
25 .i 2 V/degree is to control the constant C in the range

between 5 x 10“_and 5 x 10, This determines the flow

rate:(A x C) of the gas containing the element



di scharge power .(A x B) was fixed at 450 Wby selecting 900 sccm as the
total A of the flowrates of material gas and dilute gas and 0.5 as the
constant B, where the 15 = constant C was changed with respect to the"
total A 900 sccm of the flow rates of Tetldt il gas and dilute gas to. .
produce a plurality of light-receiving members with different flow rates (A
x C) of.a gas contalnlng the el enent bel onging to Goup IIlb of the

periodic table. . The light-receiving nenbers thus produced Wwer e

each set in an ﬁ‘éf&ﬁ%ﬂ?%%&%ﬁgﬁ 12PBALR! YRl BeraBiLf B9 £ABIM, NG W00,

manufact ured by Can , o or testi nd i nages were

reproduced to eﬂé&?@&@ E@etﬁéafﬁﬁapeéfOgﬁﬁnéécmth%fs%ﬂé'El&ht¥atbgeof
dependence 25 charge perfornmance on tenpefature

(tenper at ur e- dapersierdl PGP eand 64l lut8egaxpos utehaBNBeEnaAdsbheouhar ge
potential shift in continuous charging. - 115 - The charge perfornmance

I's indicated bythavalight+raeabuingenémbérshhnaging gobdaghasgel i ed when the
guantity of charging currents flowing to a corona assenbly is kept :
const ant. 5 The perfoenance orsemsttivatty, exposivet Bémaryoaddnghaogehr ee
ranks of 1: good, 2: no problemin practical use, and 3. a little

problenat|C||129?ﬁﬂ¢¥§A sh&itr#@om@nthavgneegharnlag can bankrodiucedn
i nstance where the charge performance .is 550 V or nore. In the case of -
rank- 1, it becdtR&P foiks prenstany C 1%xbbm3t?ﬂet9rEbﬂﬁnfaaﬁé-aIso save

energy, of devices
9y ' In the same manner as in Example 1, the

'light-receiving members.produeed were each set in the
10 electrophotogrephic abparatus_NPGlSO, manufadtured by
Canon Ine.; modified for tesfing,.and imeges were
reproduced thfough e process_COmprised of charging,
'ekposure,'developmeﬁt, trensfer:end cleening; As a
resulf) it was possible to 6btein very good images.
15 B . Example 28 o | _' | |
| ” In the present Example, in place of the conditions.
for forming the photoconductive layers in Example 27l1n
which the Qas speeies and the gas flow rates wefe
- changed, phochonductive layers were formed ﬁnder
20 _conditions in which fhe discharge power (A x B) was set
variable by changing the constant B in.the range.of
from 0.2 to 0;7. Conditions under which the
electrophotographic light-receiving members thue
produced were as shown in Tables 36 end_37.
- 25 . 'Except the'feregoing,'Example-27 was repeated}
o On the electrophotographic-1ight-receiving members

produced, evaluation was made in the same manner as in



attached as functional nmenbers, e.g., to save power of charging currents
and to nake the corona assenbly snaller in size. The rank 2 is an instance
where the charge performance is not |ess tff& 400 V to less than 15 550
V and there is no problemin practical uSer~"The rank 3 is an instance

where the charge performance is less than 400-V. |In_the case of rank 3,
the charging currents tend to be excessive to cause a | owering of
sensitivity, tending to result. in photosensitive 20 . nenbers with a | ow

contrast. The sensitivity i s jndj s 8 Mok astirelEid 8.t he
anount of ex_pOs%?‘gmlpé‘&uiL-z?éd \5%%%“1% c%’fgrge_d;;gatié%-t%? conmes to stand at 200

V when the light 'recﬂﬁv&%@ JERPeirdnd P WAMLdiddbediles (Tep2S 38)val ue

of charging currents _
to give a chargeppehamigial 20, 4% \bondiadietiddessdny Esr esduated
according to four.  -7116 - ranks of 1: 85%or less (very good), 2: 95% or
|l ess (good), 3. gbHaHdendeTE (CHaryed Perrformarice to atempeyature 4. 120% or
more (a little problematic in practical use in some instances), assumng.
the amount 50f expemperdture-depertisnte priapeattieghtto coeiwdthimenber as
100. The tenperature-dependent properties are indicated as an absolute

val ue correspondi 12y V/dedreennimurito aortirolgcthe rcenskapt Rrin i@ ceange

1[err] of tenperature change neasured when the tenperature of the,
, between 0.2 and 0.7. This determines the power, 1i.e.,

diécharge poﬁer'(A x B) with respect to the total A,
900 sccm, of the flow rates of material gas-énd'dilute _
id T gas. .It has-been.also found that'ligthreceiving
memberé'having good charge perfdfmance,'sensitivity,
'exposuré memory and charge potential shift in -
contidﬁous.chargihg can-bé produced when.thiS'cthtant d
B is limited to that range. It has been still also
15 _'fbund that light-receiving.members mo:e improved in
o éxpdsure mempry:can bé produced.when the constant B is
0.5 cr.mbre.
d-In'the same manner as in Exampie 1, the
llight-receiving'members-produced were each set in the
20 .électrophqtograéhic apparatus.NP6150,_ﬁanufactufed by
CanonﬁInc.,-mddified for testing, and images were -
.reprdduced through'a'pr0cess.comprised of“chargingﬁ
: ekposufé, development, tfansfer and cleaning;' As a
feéult, it wésdpossible to obtain've:y good.images.
25 'Example 29' |
| In the present Egample;'a surface layer qontdining

silicon atoms and'cafbon atoms in the state they were

owm ng to a corona assenbly has been determ ned so as



10 Iight-receiving menber is changed to range fromroom tenperature to
45[err], at which the charge performance is measured. The

t enper at ur e- dependent  properties were eval uated according to three ranks of.
A. within 2V/degree (good), B:. 2 to 3 VI ee (no problemin 15 -
practical use),.and C nore than 3 V/degree (a little- problenatlc in 3
practical use in sonme instances). The exposure nenory is indicated by a
l'ight menory potential measured in the follow ng way. First, the charging

current of a ”&i?tf@bﬁ’e aaaﬁmhxfb%ma Y5 86he?Q ayerS EHilkdin dar k

portion potential at a developnent posftion conmes“to be 400 and 't he
voltage at whi ghrachabAdnis! prBvided Aihd 1%'b'engafa'th@ sqirFelcd 3 dydhtad is
adj usted so that the |light portion potenti conmes to be +50V mhen transfer

paper (A3 sizegxaGpleed7as G&naitlonﬁrhﬁﬂéﬁ whilch &@mat state, between the
case when the halogen lanp is lighted only on the inage |eading part and
the case when ébechabphegsobeaphie Adghit-gecedviag membek7 waspgirerhicEd
difference at the same portion of the el ectrophotographic | i ght -receiving
menber, i5e., bhepetwereahsashole imafebleadOng part, is further neasured to
detern1ne the | ight menory potential. The 5 exposure menory was _
‘eval'uat ed accor di ngE¥gepgut eaﬁpgegpipg S5Eyagipliec3d wasr yepesded.2: 10 V or

l ess (good),. 3: 15 V or_less (no problemin practical use), and 4: nore
than 15 V (a I|tt|eOBrEBPeﬁ&FP&rPHhﬁFQSFﬁ@QPCU§é9ht’receiV1n9 members

produced evaluation was made in the same manner as in
Example 27. As a result, good electrophotographic

10 performances were confirmed on all the
temperature-dependent.properties, ekposure memory and
charge potential,shift.in continuous.charging. |

That is, also in the case when the surface layer
containing silicon atoms and carbon atoms in‘the state';

15 they were distributed non-uniformly in the layer |
thickness direction was provided the good
1electrophotographic performances that the dependence of
charge'performance on temperature
h(temperature-dependent properties) is within.

200 £ 2 V/degree were found'to be exhibited.

-In the same manner as in Example 1, the
light-receiv1ng members produced were each set in the
electrophotographic apparatus NP6150 manufactured by -
Canon Inc., ‘modified for testing, and images were

25 reproduced through a process comprised of charging,
exposure, development, transfer_and cleaning. As a

result, it was possible to obtain very good images.



in sone instances). 10 " The charge potential shift in continuous
charging is indicated as an absol ute val ue corresponding to the amount of -
changes i'h charge performance when contlnuously driven for 5.mnutes. The

charge potential shift in continuous chargildd was eval uated 15 according . -

to four ranks of 1: 5 V or less (very good), 2: 5 to 10 V (good), 3: 10 to
15 V (no problenlln practical use), and 4. nore than 15 V (a little
probl ematic in practical use in sone instances). Results of the eval uation

on the above five it 2 347 e shown in Table 35.  As is seen fromthe

evaluation results (Eﬁ%@ﬁiﬁﬁ—gn Exanpl'e 27, -the-condition necessary for .

t he dependence of ch r epat yr e ki agdeneadent
. ke 5:%%%3% gg@gap Lat §r 1 GheaBLaEHE Agdeagad

properties) to be w egree 1s to.control the constant

Cin the range beimeseventiSy'dcdibréndel 8E lntefbéﬁeﬂ@éefﬂﬂgést daef | ow
rate (A x C) of the gas containing the elenent - - 118 - belonging to -

Group Il11'b of thea PRIgEi fot Btted WELBmI €R@ESlippOrtheaholRl aBsofBiingccm of

the flow rates of material gas and dilute gas. It has been also found that .

l'i ght - receis/i ng Yeyder sotmed NGt gamdrphaugesilicopegéomanius, wasnsi tivity,
exposure nmenory and charge potential shift in continuous charging can be
produced when trpﬁomrmsdahetﬁbea the1$eppovttaad thﬁgeharge 1n3ectlon
blocklng 1ayer. Conditlons under which an
.electrophotographlc light-recelving member was produced
here were as shown in Table 40.
10 Except the foreg01ng, Example 27 was repeated.
- | On the electrophotographlc llght recelving members
produced evaluatlon was made in the same manner as in
Example 27. As‘a result good electrophotographic
performances were conflrmed on all the
15 temperature—dependent propertles, exposure.memory and
charge potential_shift in_continuous charging.

That is, also in the case.when, as a light
absorbing layer for preventing occurrence of-'.
interference fringes due to light'reflected from the

20 . .support,.the IR absorbing layer was provided between_
the support and the charge injection blocking layer,
the:good electrophotographic.performances that_the
dependence of charge performance on temperature
(temperature dependent propertles) is w1th1n

25 o+ 2 V/degree were found to be exhibited.

| In-the same manner as in Example 1, the

1ight-receiving members produced were each set in the



In the same manner as in Exanple 1, the |ight-receiving nenbers produced
were each set in the 10 electrophotographlc appar at us NP6150,
manuf act ured by Canon Inc., nodified for testing, and i nages were

r epr oduced through a process conprised of tR4rgi ng, exposure, devel opnent,
transfer and cleaning. As a result, it was possible to obtain very good
I'mages. 15 ; Exanpl e 28 In the'present Exanpl e, in place of. the
conditions for form ng the photoconductive |ayers in Exanple 27 in which

the gas species and.the s flow rates were ¢ e vie .l ayers.
wer e forned und@'ie%r°p Chtaliole |‘¥’Rﬂﬁ%‘ﬁu§ r}‘Z,Ig%jéj(():‘harge power %i\ t'%’B) was
set variabl e by changi t he t | to O. ;

Condi ti ons undef:a\ﬁﬁ'f’cﬂ'n “Pgr}floep o %réaép%% ig (rjien(l:;eq%nnvgelr?r%nbers t hus

produced were as. Ieiq%yﬁwas -rl;'g%lé.gfged g%%%g s Comprised S @irdeg,

froregoi ng, . Exanp el ectrophotographlc

i ght - recei vi g JRiherS PIRANARDANE] UMtdiFdRSan@dsl ddnirtp. S @mnner  as
in- - 119 - Exanple 27. Results obtained are shown in Ta Ie 38. As is-

seen from ighe evalsiati,on v emd f;fb dsidhiles 68)obtafix vty @fod timagendi tion,
necessary for the. dependence of charge performance on tenperature 5 :
(t enper at ur e- depende@ggmgygggles) to be within + 2 VYdegree Is to contro
the constant B in the range

: In the present Example, the charge injection

blocking layer.was omitted and the photoconduct;ve
layer was functionally”separated into two laYers
10 B comprised of a charge generatlon layer and a charge
| transport layer. Condltlons under whlch an |
:~electrophotographlc llght-recelving member was.produced.
~ here were as shown in Table 41. o |
| ' Except the foreg01ng, Example 27 was repeated.

15 - On the electrophotographic llght—rece1v1ng members
produced, evaluation was.made_ln the same manner as in
E#ample 27. As a result, good electrophotographic
performances were confirmed on all the
-temperature-dependent properties, exposure memory and

20 charge_potential shift_in continuous chargihg.
| - That is, also in the case when the_charge
:injeCtion blocking layer was omitted and the )
photoconductive layer was fuhctionally_separated into
tWo'laYers_comprised_of a charge generation layer and a

25  charge transport'layer, the good eleCtrophotographic

performances that the dependence of charge performance

on temperature (temperature¥dependent properties) is



between 0.2 and 0.7. This deternines the power, ii.e., discharge power (A x
‘B) with respest to the total A, 900 sccm of the flow rates: of material gas.
~and dilute 10 gas. . It -has been aIsQ_f? d _that light-receiving nmenbers
havi ng good charge performance, sensitivity, exposure ‘menory and. charge
potential shift in continuous charging can be produced when this constant- B
is linited to that range. It has been still also 15 . found that: -

| i ght -receiving menbers nore |nproved i'n exposure nenory can be produced:
when the const giftHid s & J Qed®Ee wéfetfl@uﬁn‘?onﬁé‘r@ihﬁﬁitédlfxa”m e 1 the. -
| i ght -recei ving nenbers produced were each set in the 2 _
el ectrophot ogr aphl C [\ tdgmd\Eiisr r@é\ui@cmx&@gl@yl Caﬂw | nc. m)dl fied
for testing, -and i-mages were reproduced through a process conprlsed of

char gi ng, exposm@ht4heu§1nﬂngnmembersﬁprodumb¢Iwerereachﬂsea.insuhé it

was possible to obtain very good inmages. 25 - Exanmple 29 In the
preserit Exanpl € lextmarhatod apivi @ ANRATATUS NP6 L0, aeamsfagicuned boy at ons
in the state they were - 120 - distributed non-uniformy in the |ayer

t hi ckness 3di r eGaneR ke pr rdiciied fnnckestingie and iimagedyweren Exanpl e
27. . Conditi.ons under whjch an el ectrophotographic |ight-receiving nenber
was produced 5FEPHRAUSSTe UG FPTIreEDH@rmrEised of charging,

-exposure, development, transfer and_cleaning.' As.a
'result, it was possible_to obtain very'good images.'
Exemple'32_ B
16 - In the present Example, leaving the charge
| injection hlocking layer, the photoconductive'leyer_was'
functionally'separated'into two layers comprised of a
charge Qeneration layer'and a;charge-transport 1ayer.
Conditions under which an electrophotographic : |
e i5 , light-receiv1ng member was produced here were as shown
in Table 42.
Except the foregoing;.EXample 27 was repeated.
On the electrophotographic light-receiving members
produced evaluation was made in the same manner as in
20-d.'Examp1e_27.._As a result, good electrophotographic
performances were'confirmed On.eil the
tempereture—dependent properties, exposure memory and
: chergelpotentiai shift in continuous charging.
That is,'also in the case when the photoconductive
.25  layer was functionally separated into two'layers h

comprised of a charge generation layer and a charge



Except the foregoing, Exanple 27 was repeated. On the el ectrophotographic
1ight-receiving menbers produced, evaluation was made in the same nmanner as
in Exanple 27. As a result, good el ectrophotographic 10 per f or mances
were confirned on all the tenperature deperdfertt properties, exposure nenory
and charge potential shift in continuous charging. That is, also in the
case when. the surface |ayer containing silicon atons and carbon atons in

the state 15 they were distributed non uniformy in the layer thickness:
direction was provided, the good. e hoto aphi rforna that the.
dependence of chﬁ?ﬁﬁPBEFfoP ﬁcghﬁh FQPU%& Fhﬁﬁ% at iy endent

properties) |s ﬁitg§gﬂ§Péa¥erfh¥L g “ﬁg%f& gﬂgt%% qéplblted In the

sane . manner -recervin

set in the e'ec bepess ?HE@B“Eﬁa%pQﬁEah%%gﬁﬁékgg.oEﬁ%%%%gb“

I'nc., nodifi ed mages repr oduced through a
process_conpri sgg E%mﬁ&ﬁ&@h?& (%éﬁﬁé%b%ur@ﬁd%b@ﬂﬁ%&& properitdesinds

cleaning. As a result, 1t was possible to obtain very good images. - 121 -
- Exanple §0 | nyibRiAr eseny/BegrBkeweds Founahicoalbeoekhipittayer for -

preventing'occurrence of intertrerence fringes due to light reflected from
the support, an IR ahaothengame manner as in Example 1, the
11ght-receiv1ng members produced were each set in the
o electrophotographic apparatus NP6150, manufactured by
Canon_Inc.;.modified for testing, and images were
" 10 reproduced thrOugh-a proceSS comprised of charging,
| | exposure, development, transfer and cleaning. . As a
result,-itlwas possible to obtain very good images.’
| Example 33 | | |
In the present Example, an 1ntermediate layer (a
15- lower surface layer) made to have a smaller carbon atom
content than the surface layer was provided between the
{photoconductive_layer and the surface layer and at the-
same time the photocOnductive layer was functionally
separated into two layers comprised of a charge
20 generation'layer and a charge transport layer.
| Conditionsfunder'which an electrophotographic
light—receiving member’was produced here were ashshown
in Table 43. | | | | | |
Except the foregoing, Example 27 was repeated.
25 .'_. On the electrophotographic light-receiVing members
-produced,revaluation was made in the same'manner_as'in :

-'Example'27. 'As a result, good electrophotographic

produced were each =



5 | ayer fornmed of anorphous silicon germani um was provi ded between the
support and the charge injection blocking |ayer. - Conditions under which an
el ectrophot.ographic Iight-receiving nenber s produced here were as shown
in Table 40. 10 . Except the foregﬁiﬁgg Exanpl e 27 was repeated. On
t he el ect rophot ographi c li'ght-receiving nenbers produced, eval uation was
made in the sane manner as in Exanple 27. As a result, good '

el ect rophot ogr aphi c performances were confirmed on all the 15

tenperature-depgﬂg@g S Lhese 53%*@}@ NBHOL Y1 8Pge Char ge potehtial S
shift in contin ous_cﬁ%ﬁ gl ng.&%eat I's, a eg% n %%le case when, as a light
absor bi ng | ayer defnd¥ AU | deb&idetE %‘Eﬁ%é’ftiééeréﬁ%éé‘ﬁfefrﬁéxﬁéﬁf gHg to

light reflected fromthe 20 ~ support, the IR absorbing [ayer was provided

between the supp@drgdpdtehehsl dhift ool | §on i NEdhd chaév§ing ! he good _
el ectrophot ographic performances that the dependence . of charge perfornmance .

on tenperature (tenpeneitiriss defiessiein  {Hopease eghen sthve t hiterhediaterr] 2

Vi degree were found to be exhibited. In the same manner as in Exanple 1,

the |ight-Becei Viaypmerebdrowenr aluctateclayent made to hare a smiblexr

el ectrophot ogr aphi ¢ apparat us.NP6150, manufactured by Canon Inc., nodified

for testing, an@arhegestam condgmnkudan ttheugerfage obaver coprprevided

chargi ng, between thé ﬁhotoconductive'layer'and the shrfaée_iéyer
and at the same tiﬁe'the_photodonductive layer was' |
functionally-separatéd,into two 1ayefs comprised:of'a

10 chafge generatién 1éye£ and a éhargg transport layef,
tﬁe.good elédtrophbtqgraphic performaﬁces that'thé' |
.dépehdence'of charge_perfprmanéeion température
1(témpe:atu:e-dependent_properties).is within
+ 2 V/a¢§rée were found to be'eghibited.”

15 = In the same mannér'aé in Exampie 1, the
light-receiving members produced were each sef-in‘fhe
electfophotographic apparatus NP6150, manufactured by
Canon Inc., modified for tésting,uand images were

" reproduced through a procéss comprised of charging,
20 _'exposure, development, transfer and.éleaning. As a
résulf, it was poséibié to obtain very Qood images.
- .Exémgle.34f | .
.In_the pfeSent Example, thé apparétus shown in
Fig. 3, for'éroducing.electrophotpgraphic _ ) |
25 light-receiving members by VHF-PCVD in place of.fhe
Rf-PCVD in Example:27 Qas used. A light-recéiving

1ayer'was formed on a mirror-finished cylindricai



exposure, devel opnent, transfer and cleaning. As a 5. result, it was-

.possible to obtain very good i mages. Exanple 31 I'n the present Exanple,

charge injecti
was functi onal
generation |ay

t he

on bl ocking | ayer was on1tted and t he. phot oconductive | ayer

1y separated into two IayEr§ 0~ conprised of a charge
er and a charge transport layer. Conditions under which an

-el ect rophot ogr aphi c Ilght-rece|V|ng menber was produced here were as shown
in Table 41. Except the foregoing, Exanple 27 was repeated. 15

el ect r ophot ogr
t enper at ur e- de

a res

advin RS fﬂﬂﬁ‘qﬁﬁ &S epf&iﬁéé r@dlfﬁhﬁlreée‘fvz.n member.

pendent properties, exposure menory and char ge

the el ect 1 ophotaomaRhin® dugHtr{ S5 1108 Guli™gEGS.LF YHASE oS1Al LAbhENaaS

made in the sane nanner

potential shift in. eaydgdGite cfwagdzﬁ;g,ﬂmtammeaémm@ tdeste’. when the
charge injection blocking layer was omtted and the photoconductive |ayer

was functionally sema aitgsl dldctriophdtowrapleidTl igiet- ndcei wirg oremieses at i on .

| ayer and a 25
per forman&es t

(tenper at ur e- dependent properties)

_mere found to

" charge transport |ayer, the good el ectrophot ographic
ipatoduved) e Earedaractel i - was mpde el othe nssne mamnee r 3¢ uin

l?ecammebmed As a resiukle mw@rebectlrpmm%anhm he

' performances were confirmed on all the

temperature-dependent properties, exposure memory and

.charge potential shift 1n continuous charglng.

10

15

That 1s, also in the case when the apparatus for

producing electrophOtographic_ligthreceiving members

'by VHF=-PCVD was used, 'the good electrophotographic

performances that the dependence of charge performance

on temperature (temperature-dependent propertles) is
within + 2 V/degree were found to be exhibited.

In the ‘same manner as in Example 1, the

"light—receiving members produced werefeach set in the

eléctrbphotographic apparatus NP6150, manufactured by

- Canon Inc., modified for testing, and images were

.20

reproduced through a process comprised of charglng,

exposure, development, transfer and cleaning. As a

- result,'it was possible'to obtain very'good images,

25

Example 35
In the present Example,'as a light absorbing layer

for preventing occurrence of interference fringes due

to light reflected from the support an IR absorblng

_1ayer formed of amorphous silicon germanium was

S - 123 - within [err] 2 V/idegree



Ilght-rece|V|ng menbers produced were each set in the el ectrophotographic
apparatus NP6150, manufactured by 5 Canon Inc., nodified for testing,
and i nages were reproduced through a process conprlsed of chargi ng,

exposure, devel opment, tiansfer ‘and cl eani h87 -As a result, it was possible S

to obtain very good i mages. Exanple 32 10 - . -In the present Exanpl e,
| eavi ng the charge injection blocking |ayer, the photoconductive |ayer was
functionally separated into two |ayers conprlsed of'a charge generation

| ayer - and a charge transgor.t Cbndltlons

el ect r ophot ogr apovifsd WJI’%I%HW% c\f,ﬁ%f PIFE R e as
shown in Table 4 t the for Exa B peated.'Cn t he
el ectrophot ogra E%rtéﬁ)tla} &rel v@%‘%ﬁ%ﬁo&% &ﬁ%%fjg% eva 'Fuat i on was made
in the same manngr Ay Sd\.{%lﬁb Hops duced

el ect rophot ograﬁh < %@ﬁic?r%p 1Ces “were ﬁfl rrred oélfa G‘h produce

t enper at ur e- depgpgden é)p‘fsrté eﬁpols&gfe nggory and charge potentlal
shift in continuous %ﬁ%iglng Hﬁ?n I's, also in the case when-the

phot ocondugtive 25 gl v faredo iy | BxSRpEs 2P dvadt cepantédyer s
conpri-sed of a charge generation |ayer and a charge ~ -124--transport

I'ayer. whil e | eaving tdie ﬂ{wrggedwqﬁiomgﬂmm nbighy-ereceireingovembers
electrophotographlc '
produced evaluation was made in the same manner as in
Example 273 -As_a result, good electrophotographic
performances were confirmed'on'all the .
.10 temperatureadependent properties, exposure memory_and-
charge potential shift in continuous charging.
That is, also in the case when, as a light
absorbing layer for preventing occurrence of
_ 1nterference fringes due to- light reflected from the
15.b support the IR absorbing layer was provided between
| | the support and the charge injection blocking layer,
the good electrophotographic performances that the
dependence of charge performance on temperature :
(temperature;dependent properties) is within
20 + 2 V/degree were found to be exhibited.
In the same manner as in Example 1, the
light rece1v1ng members produced were each set in the
electrophotographic apparatus NP6150, manufactured by
Canon Inc.,'modified for testing, and images were
25 reproduced through a proceSS'comprised of charging,
exposure,*development, transfer and cleaning. As a

result, it was possible to obtain very good images.



performances that the dependence of charge perfornmance on tenperature
(tenperature-dependent properties) is5 within 2 V/degree were found to
be exhibited. I'n the same manner as in Exanple 1, the Iight-receiving
menbers produced were each set in the etedﬂﬁbphotographlc apparatus NP6150,
manuf actured by Canon.Inc., nodified for testing, and i mages were 10
reproduced through a process conpri sed.of charging, exposure, ‘devel opnent,
transfer and cleaning. As a result, it was possible to obtain very good

i mages. Exanple 33 I.n the present Exanple an internediate |ayer (a 15

| oner surface | ayer)E#@@Bleg38ave a snal |l er carbon atom content than the

surface | ayer was prOV|dgg gggggﬁg ﬁgmgﬂgt %ggq%%tl§g I% %thgg t he
a to '

?urface I?Yer and at IBnk ondaet

unct.ionally s | a :
aneratign Iayggfgﬁggﬁgcggysg V?Sné%%??gﬁggé?S%gg %P?F%%?hﬂﬁ mhlch an

el ectrophot ogr a t h

T Tabl o 43, Ecaper: s ShESE LT TRE R fmm"z??%‘éigte?%"%m =
the el ect rﬁphOtBSﬁ%QEhEng BREpbACAIKhEY1REREE StBkadsed. werd uation vas

made in the sanme nanner as I n Exanple 27. As a result, good _
el ect r0ph0t ogr a&'ﬂéﬁnbute&éon-aﬁ&ffarrmgcasx \vweeleqefn riddkmessl | the -
direction and a second layer region containing
substantially no carbon atoms. Conditions under which
'an electrophotographic"light—receiving member was'
10 produced here were as'shoWn in Table 46..
Except the foregoing, Example 34 was repeated.
On the electrophotographic light-receiv1ng members
' produced ~evaluation was made in the same manner as in
Example 27. As a result, good electrophotographic'

15  performances were'confirmed on all the
.temperaturefdependent'properties, exposure memory and
charge pdtential shift in continuous charging.

That is, also in the case when the charge
'injection blocking layer was omitted and the

20 ':photoconductive 1ayer was constituted of a first 1ayer
region containing carbon atoms in the state they were
distributed non-uniformly in the layer thickness_
direction and a second layer region COntaining

'hsubstantially_no carbon atoms, the good

25' ' electrophotographic performances that the'dependence of

charge performance on temperature |

(temperature—dependent properties) 1s within



t enper at ur e- dependent properties, exposure nenory and charge potenti al
shift in continuous.chargi-ng. That is, also in the case when the

i ntermedi ate -5 | ayer (a | ower surface layer) made to have a smaller
carbon atom content than the surface | ayerl@@&s-provided between the

phot oconductive |layer and the surface |layer and at the . sanme tine the

phot oconductive | ayer was functionally separated into two |l.ayers conprised
or a 10 ] chargﬁ generation |ayer and a charge transport |ayer, the good
e ectrop ot ogr aphi-c: performances that the dependence of charge performance
on tenperature GtBnﬁéﬂﬁgﬁﬁé-&@FEhéQNPdptﬂmgq igxhihit “t hin g2 87degree

were found to be exhibited. 15 - In the ane na nerhas i'n Exanple 1,
t he I|ght-rece|V|ng Fenfsbes SEMGd TR ke AF éﬁbﬁf e

el ectrophot ogr a appar.at ys NP61 nuf ory ified.
fﬁr testln_gb 3 ﬁﬁ gggﬁé?&“ﬁéﬂ?ﬁ%ﬁgg %F%ﬁ%qggﬂﬂg%éégglcg%prlsggggf
charging, : étﬁ% cl esult,
it was possible ?é@%%%&é ry go?d%fp;?atgres q\laljr;‘g]@eé) Sﬂfwﬁiftg%gum?rg

Exanpl e, the appahahius g]omq‘ddq_flzle(a for T¥stirfUEn inaRfed e ogr aphi ¢
25 Ilgh?-recg?v?ng ﬁé nber s bylVHF PéVD|ﬁ1 5¥gce of the RF-PCVD in

Exanpl e 27 was wyapgoduteld gﬂhtrdi@@elawmdeasercdﬁfrifsvdmf @mafrgmg,
mrror- flnlshed cylindrical
exposure, development "transfer and cleanlng. As a
result it was poss1ble to obtaln very good 1mages.
Example 37 . |
lO o In the present Example, leaving the charge
injectlon blocking layer the photoconductive layer was
functionally separated into two layers comprlsed of a
charge generation layer and a charge transport 1ayer.
_Conditlons under which an electrophotographlc
15  light- rece1v1ng member was produced here were as shomn.
in Table 47. |
' Except the foreg01ng, Example 34 was repeated.
On the electrophotographic light-receiving members
_produced, eValuatlon was made in the same manner as in
20 Example 27. As a result,_good electrophotographic
performances-were confirmed on all'the
temperature4dependent'properties' exposure memory and
- charge potent1a1 shlft in continuous charging.
That is, also in the case when the photoconductive
l 25 layer was functlonally separated into two layers
comprised of a charge generation layer and a charge

transport layer while leaving the charge injection



alunihun1support of 108 mm di aneter under conditions as shown in Table 44,
to produce a light-receiving menber. Except the foregoing, Exanple 27 was
repeated. ‘On the el ectrophotographic light-receiving nenbers 5 produced, -
eval uati on-was made in the same manner as L80Exanple 27.  .As a result, good
el ect rophot ogr aphi ¢ per formances were confirnmed on all the .

t enper at ur e- dependent properti-es, exposure nmenory and charge potenti al

shift in continuous charging. 10 - ~ That is, also in the case when the
apparatus for producing el ectrophotographic |ight-receiving nenbers by
VHF- PCVD was us?&?cﬁﬂ-é‘%g&@d’eél'e&%ﬁﬂﬂ @%‘F‘go%?%m that the
dependence of charge performance on tepperature (t erat ur e- dependent .
properties) is _ggr%or%ameﬁ Thay (}'gtfr ég)%}aéeerf%rfbg[l%‘weeﬂﬁ?ﬁ)wn??\ t he
sahe mahner as in Exanple.1, t | i ght-receiyin #gﬁp 'S pIro Nere each
set in the el ecPPo%B%& é‘ﬂ;‘rﬁec_qgﬁ'&%éet&“%‘é{%‘tﬁ% Im nu%%?‘ger%%ﬂ VgFlon

nc.. modifled Letrifsly B0y ARG IRT SESud to BERLAIEAE N ough 2

process conprised of charging, ~exposure, ~opnent, transter and

cleaning. 4s a resul iy, ihe'aandfrtles & O dfhaifle’ PO Mges. Exanpl e
35 In the present Exanple, as a |ight absorbing |ayer 25 for preventing

occurrence of i NtghiereRed vingaRnLELs tprdduida iite dath fsetn fdetigaipport,
an | R absorbing layer fornmed of anorphous silicon gernani um was .
electrophotographic apparatus NP6150, manufactured by
Canbn Inc., modified for tésting, ahd images”were :
reproduced through a process comprised of charging, -
‘10 expoSﬁre, development, transfer and cleaning. Aé a
result, it was possible to obtainlvery'good images.
.Examgle'38 ' | |
In thé.present'Ekample, an intermediate 1ayef-(a
lower'surfaqe.layer) made to havé a smaller carbon;étom

15 ° content than the surface layer was provided between the -
photoCoﬁductiVe léyef and the surface layer and at the
same time the photoconductive layer was functionally

_ éeéaratéd into'two layers COmprised-of a charge
generafibn layer and a éharge transport layer.

20 'Cohditioné under whicﬁ an:electrophotographic
light{recei&ing hembef was produced here‘were as shown
in'Téble 48. | |

Except fﬁe'foregoing; EXamplé_34 was repeated.
-oh'thehelectfﬁéhotographic 1ight-receiving_members'
25 .  produced,. evéluationlwas made in the éamé manner as in
| Examp;é 27. As a fesult; godd eiectrophotographic-

. performances were confirmed on all the



-127- -provi ded between the support and the charge |nject|on bl ocki ng | ayer.
‘Condi ti ons under which an el ectrophotographic Irght-recervrng menber- was
produced here were as shown in Table 45. 5 E Except the foregoing,"
Exanpl e 27 was repeated. On the electrepﬁaﬂographrc Irght-recervrng menber s
_produced, evaluation was nade in the sane manner as in Exanple 27. As a
‘result, good el ect r ophot ogr aphi ¢ performances were confirmed on all the 10
tenperature dependent properties, exposure nenory and charge potential
shift in continuous charging. That is, also ,in the case when, as a _light

absor bi ng Iayé@ﬁﬂﬁrﬁﬁQREHﬂ?QﬁPQﬁﬂﬁw?QPE%Fﬁﬁe?nt%¥P%?Bﬁ%em?WPﬁ§e§nGue to -
| i ght flect f t 15 , - | R ab | ded
botwsen the s GHIRRES HRES wwﬁrg,ﬁf’r@%&@aww%e%’% apgin8? e gond 00
| ect hot hi fo I h f -
el ect r ophot ogr ap | Cps 0 epenamaYh% aglgp‘gh ng@ew?ﬁgﬁagglggé or nance

on tenperature (tenperature pertie [err] 2

W/ degree were 4 %&d r#ﬁaé‘f‘%ﬂ éP? ﬁ%&&; b §{; a3 éﬂaﬁégpl e 1,

the |ight-recei ers pro uced e eac
el.ect r ophpt ogrc%%d‘n AR Bdipedi lethn ”ﬁ'ilé'f&%f'ééé byy é@n@asl Peovigmdified
for testing, and inmages were 25 r epr oduced through a process conprised

of charging, e&amErE, tm\@{@w@csﬁduéfwéfﬂyéﬂdaﬁaeamensurfééealayéﬁlt it
was possible to obtain very good images.
and at the same time the photoconductive layer was
functlonally separated into two layers comprlsed of a
_ dharge génération'lajér ahd a charge transport layer,
10 " fhe gdod electrophotographic performances that the
dependence of chargé_performance on. temperature |
'.(temperéture-dépendeﬁt properties) is less than |
£ 2 V/gegree were foUnd'to'be exhibited.
'.1In the same manner as in Examplé 1, the
15 - light-receiving.members'produced were each set.in the
electrophotographlc apparatus NP6150, manufactured by
Canon Inc., modified for testing, and images were
_reproduced through a process comprlsed of charging,
expésure;.develqpment, fransfer and cleaning. és.a

.20'_ result, it was possible to obtain very good images.



- 128 - Exanple 36 In the present Exanple, the charge injection: blocking

| ayer was omtted and the photoconductive layer was constituted of a first
‘layer region 5 . containing carbon atoms in the state they were '

di stributed-non-uniforny in the | ayer t+hl3Rness di rection and a second
| ayer region containing substantially no carbon atons. Conditions under

whi ch an el ectrophot ographic light-receiving nenber was 10 - produced here o

were as shown in Table 46. Except the foregoing, Exanple 34 was repeated.
On the el ectrophot ogr aphl c light- recel Vi ng_L menbers. produced, evaluation was.
made i'n the sane manner’ as’ in Exarrpl As a result, good '
el ect r ophot ogr : _
t enper at ur e- dependent properties, nd charge potenti al
shift in.continuous charging. Th gso [ ccf}ai‘_ when J}_efé;é*?rge
i-nj ection- bl ocking | ayer was omi tlta Ian the Z( otoconduciJye Tayer -
was constitute i T%ETTRHTKWT1HTﬂﬁ¥;TTThe :
~state' they wergadbggrub%%@d&non uniformy in the layer thickness direction
and a second | Y8k R@%eAn containing substantially no carbon atons, the
good 25 el ectr ophot ographi ¢ performances that the dependence of charge
‘perfornmance on tsrmer aéucﬁ)(terrper angdr e- dependauo properti es) istoM thin

H, (sccm) . 300. : _ 800
B, (ppm) 2,000 . 2

(based on SiH,)

NO (scem) = 50
CH, (sccm) 500
Support temperature° _ _ _
(°C) S 290 - 290 - 290
Internal pressure: S s
Power: (W) . 500 800 300

Layer thickness: : o
(pm) _ _ 3 30 0.5




- 129 - [err] 2 V/idegree were found to be exhibited. In the sane manner . as

. in Exanmple 1, the light-receiving nenbers produced were each set in the
'electrophotographlc appar atus NP6150, manuf act ured by 5 Canon I.nc.,

"nodified for testing, and i mages were ré&pidduced through a process
conprised of charging, exposure, developnent, transfer and cleaning. . As a

‘result, it was possible to obtain very good i mages. Exanple 37 10

In the present Exanple, |eaving the char.ge injection blocking layer, the:

- photoconductive layer was functionally g@?é ajed into two |ayers conprised
of a charge generation |ayer and a char ransport- | ayer. Conditions under
whi ch an el ect rophoto i ardd r d. here
were as shown in Table 47. Excep_{njégt{@,geg@éﬁ@ucExam{:gr34 was repeat ed. _

On the el ectrophot ographic i ghtpIi&@eing Ny £BpEer s phedised. eg@fgaééon was

made i n the sane_manner as in 20ayefXxanpl ela/er AS Ba @ﬁult . DOPEr
el ectrophot ographic perfornmances were confirned on all -the . :

t enperat ur e- demmmkrﬁalngﬁxnsies exposure menmory and charge potential - -
shift in contirfilews mat@egi ng.  That is, also.in the case when the

phot oconductive 25 | ayer was functlonally separated into two Iayers
conpri sed of a clsige(gesalation | aya and a.%@&rge tlQ&sport 1 aly@r while
IeaV|ng the chargf i njection

; (scem) 500 800
"PH, (ppm)* 1,000
B,H, (ppm)* " o.5 | 500
CH, (sccm) | 20 300 500

%* (based on SiH )

Support temperature°'

(°C) | 250° 250 250 250
Internal pressure: i S
Power: (W) 300 600 300 200

Layer thicknessf _ . :
(pm) 2 30 0.1 0.5




- 130 - bl ocking |layer, the good el ectrophotographic perfornmances that the
dependence of charge performance on tenperature (tenperature-dependent
properties) is within [err] 2 V/degree were.found to be exhibited. 5 :
In the same manner as in Exanple 1, the i3B&-+receiving nenbers produced =
were each set in .the el ect rophot ogr aphi ¢ appar at us NP6150, manufactur ed by
Canon tnc., nodified for testing, and i mages were reproduced through a-
process conprrsed of charging, 10 . exposure, devel opnent, transfer and
cleaning. As a result, it was possible to obtain very good i mages. Exanple
38 In the present Exarrpl e, an internedi aﬂ@ll%ry:‘er (a Iower surface | ayer)
made to have a snullse honatom cont-en Fer was
provi ded between the- photoconducuqﬂ?qggr thhe surface Iayer and at the
sane tine the photoconductive |ay 3\%' cbﬂ‘rct g cytse ar gt ed. 10t 0 two
| ayers conprised of a charge gene l&ﬂ _ﬁf’fgayer il ;a aﬁ Jalsport 1ayer.
20 Cbndrtrons—under—mhrth—an—e#e S optotographt o nr-recervrn menber
_ P g g g
was produced he e +We!. 1a% Qwn in Table 48. Except the foregoing, Exanpl e
34 was repeat edflég, ect rophot ogr aphi c | i ght-receiving members 25
produced, eval uation was ‘made in the same manner. as in Exanple 27. As a

result, 9000' el eC‘s&WhPEESMDhI C 150 . 200 200-10-10
| SiF, (sccm) E 2 1 5
H, (sccm) . 500 1,000
B,H, (ppm)._ 1,500 2 10

(based on SiH,)

NO-(Sccm) . 10 - - 1 o 3“
CH, (sccm) 5 1 . 50-600-700
Support temperature._-. _ _
(°Cc) _ 270 . 260 250
Internal pressure: ; - -
(Torr) : 0.1 . : 0.3 : Q.S
Power: (W) = 200 600 100

Layer thickness: - :
(pm) 2 30 - 0.5




performances were confirmed on all the - 131 - tenperature-dependent
properti-es, _exposure nenory and charge potential shift in continuous
charging. That is, also in the case when the internmediate |ayer (a | ower
surface |ayer) nade to have a smaller 5- 133arbon atom content than the
surface | ayer was provided between the photoconductive |ayer and the
surface |ayer and at the same time the photoconductive |ayer was
functional |y separated into two | ayers conprlsed of a charge generation
| ayer and a charge transport |ayer, 10 t he good el ectrophot ographic
performances that the. dependence of chaTQB Beﬂfornance on. tenperature

(t enper at ur e- di
to be exhibited. In the sane nman ﬁ@ 1, Phpkors
%négﬁ Fﬂnth g F

found'

hgto%raphlc'

|i ght-receiving members producedan.?%geac
, and

apparatus NP6150, manuf act ur ed bya'

i mages were reproduTET ougt—a 5 posUr e,
ggrg:ﬁpch; ggggifgf{afngaglgagggg_ ?Zb?ezg resul t, |t.mas p055|ble to
SiH, (sccm) . 150 15o o 150  150-15-10
GeH, (secm) o ‘50 | “ | |
'H, (sccm) 500 500 800
B,H, (ppm). 3,000 2,000 1

(based on SiH,)

NO (sccm)  ©  15-10 10 " 5

CH, (sccm) _ '_ ' :: o 0-500-600
Support temperature. | B _
( °C) : 250 _250 280 250
Internal pressure: o : . _ o
(Torr) 0.3 0.3 0.5 0.5
Power: (W) 100 = 200 600 100

Layer. thlckneSS° _ S
(pm) _ 1 2 - 25 0.5




Charge inject

I on Phot o- bl ocki ng

conducti ve:

Surface | ayer

l'ayer | ayer Material gas & flow rate: [err] (sccm 100
200 : 10 [err] (sccnm . 300 ' 800 [err] (ppm
2,000 2 (based on [err]) NO'(é@@nr 50 [err] (scem
500 Support tenperature: ([err]) : 290 290
290 Internal pressure: (Torr) 0.5 ' 0.5 .

Power: (W 500 - 800 o ‘300 Layer thickness:
([err]m 3 -3 ' 0.5 - 133 - Tabl

Charge Photo- i nj ecti on conduc- In er- b?ocklng tive medi at e

Surface | ayer rayer— ' ay®narge |Ayer waterial gasu& fTow rate:.

' injection Photo-
blocking conductive Surface
layer layer layer
Material gas. &
flow rate:
| SiH, (sccm) 150 200 200-10-10
SiF, (sccm) ,' 5 3 10
H, (sccm) 500 800 |
B,H, (ppm) 1,500 '3
(based on SiH,).
NO ksccm) o 10
CH, (sccm) 5 0-500-500
Support températuré:_ _
(°Cc) o - 300 300 300
Internal pressure: .
- (Torr)- o 30 10 20
Power: (W) 200 600 100
- Layer thickhess:
(um) -2 30 0.5

.05..

e 2



[err] (sccm 150 - 200, 100 10 [err] (sccm

500 800 [err] (ppm * . 1,000 [err] (ppm* 0.5
500 [err] (sccm ' 20 300 500 * (baSed on
[err]) Support tenperature: ([err]) - 137 - 250° 250 - ° 250
250 :Internal pressure: (Torr) = . 0.3 - 0.3 0.2 0.1
Power: (W - 300 . 600 300' : -~ 200 Layer t hi ckness:
([err]m . ' 2 30 _.' 0.5 . 134 - Table 3
Char ge |nject|on - Phot o- ‘bl ocking - é%ltr - Surface |ayer o :
l.ayer | ayer Materi al gas & f|Oer %err] (sccn) 150
200 ‘200[ errrI0ferTi 1o [errjc SK —1—

5 [err] (sccm 500 - :& iéﬂr] (ﬁﬁng_ 1, 500
10 (based on [err]) NO (sccm blockiﬂé) .~ conductive Surface
' ' ' ~_layer laver laver

- Material gas &
flow rate: :

SiH, (sccm) 300 - ‘100 20

H, (scem) 500 600
B,H; (ppm) 3,000 5

' (based on SiH,)

NO (éccm) - 5 o 1
NH, (sccm) 400
Support temperature' _ .-_ | _
(°C) . 290 310 - 250
Internal pressure: o |
. (Torr) _ .20 5 10
Power: (W) . . 300 ' 800 - 100

Layer thickness: , - : o
(pm) | 3 25 0.3




[err] (sccm o 5 1 50[ err] 600[ err] 700 Support

tenperature; (C) - 270 . 260 - 250 Internal pressure:
(Torr) . _ 0.1 -+ 0.3 - 0.5 Power: (W : 200 '
600 100 Layer thickness: ([err]ny 138 - 2 30
0.5 - 135 - Table 4 IR Charge = Photo- absorb- injection
conduc- ing bIocklng tive ‘Surface | ayer | ayer - layer
| ayer Material gas & flowrate: [err] (sccm 150 - 150 - 150
150[ err] 15[ err] 10 [err] (sccem. 50 E ri] (sccm - - 500 500
800 [err] (ppm. 3, 000 2,000 able (based on S|H4) NO (sccm)
15[ err] 10 16 S—ert s_bu
O[err]500[ err] 600 Support tenperz ho fc dpcLL éolg"er rggge - 250
280 250 Internal pressure: (TOLLJion . reﬁign gver 0.5
0.5 y _ ' T :
- ‘Material gas &
flow_rate: _
SiH, (sccm) 150 150 © 100-10-8
SiF, (scem) - 5. 5. 1
H, (sccm) 500 B} 500
B,H, (ppm) = = 10-2 2
" (based on SiH4)
NO (sccm) _ 1 _
CH, (scom) 1000 0-500-550
Support temperature: o : _ | |
(°C) ' 280 : 250 - 250
Internal pressure: - _ o ' .
(Torr) 20 o 20 _ 20
Power: (W) 600 400 100

Layer thickness:
{pm) 25 3 . - 0.5




100 Layer

Power: (W 100 200 600 thickness:
([err]m 1 2 . 25 0.5 - 136 - Table 5
Charge injection -Photo- blocking . conductive Surface layer
| ayer | ayer Material gas &- flom1rate13perr] (sccm 150
200 : 200[err]10[err] 10 [err] (sccm . 5 -3
10 [err] (sccm 500" 800 [err] (ppn) 1,500
3 (based on [err]) NO (sccm - 10 [err] (sccm -5
O[err]500[ err] 500 Support tenperature Q{err]) ' 300 . 300
300 Internal pressure: (Torr) 8 : 10 - 20 Pomer
208 600— aYa) La“cr'thickress: e+ :
gvv 30 0.5 Charge 7 R R
o injec- Charge Charge Inter-
tion trans- genera- medi- Sur-
blocking port  tion - ate face
layer laver layer layer laver
' Material gas &
flow rate: _
SiH, (sccm). 200 300 100 30 10 -
H, (sccm) 500 1,000 600
BH, (ppm) 1,500 = 5-1 1 5
(based on SiH,) 3
CO, (scecm) 0.5 0.5 0.1 0.1 0.1
CH, (sccm) 20 100-0 0.1 200 500
Support_tempefature:_ |
(°C) 1250 250 250 250 250
'Internal pressure' :
(Torr) 10 15 -15 5 5
Power: (W) 100 600 500 200 300
Layer thickness: : -
(jam) 3 .30 -2 0.1 0.5




137 - Table 6 Charge injection
Surface | ayer | ayer

Phot o-

-l ayer

bl ocki ng
Mat eri al

conductive
gas & flow rate:

[err]

(sccm 300 100 20 [err] (sccm) 500
600 [err] (ppn) _ 3 000 5 (BHsed on [err]) NO (sccm
5 1 [err] (sccm . , | _ - 400
Support tenperature: ([err]) . 290 - 310 250
I nternal pressure: (Torr) 20 15 10
Power: (W - 300 800 - 100 Layer thlckness
([err]m | 3 25 Table 9 0.3 - -138- Table 7
Phot oconduct i ve—tayer Fr-st- Chﬁ%b&“d — Surface e —regi on
Iayer injection Photo- ,
‘blocking conductive Surface
layer layer _ layer
Material gas &
flow rate: : _
SiH, (sccm) 100  Under 10
_ ' conditions :
H, (sccm) 300 as shown in
S Table 10
B,H, (ppm) 2 000 .
(based on SiH4)' : ' L
- NO (sccm) ; 50 :
“cH, (sccm) L . 500
'Support temperature.. | _ :
-{(°C) .- 300 -Continuously - 300

changed in thick-
ness direction

 Internal pressure. ' )
(Torr) 0.5 0.5 o 0.2

.Continuous1y © 300
changed in thick-
ness direction -

' Power: (W) ' 500

Layer thickness: '
(pm) s : 3 30 . _ 0.5




Material gas & flow rate: [err] (sccn) | 150 150 . -
100[err]10[err] 8 [err] (sccny -5 o 1 [err]

(sccm 500 o 500 [err] (ppn) 10[err]2 - ' 2 (based
on [err]) NO (sccn). 1 [err] (sccn")41 = 100[err] O
O[ err]500[ err]550 Suppor t tenperature ([err]) : . 280 - - . 250
250 Internal pressure: (Torr) : o - 20 20 Power :
(W - 600 400 _ 100 Layer thickness: ([err]n)

' o 3 0.5 - 139 - %a%ég §Charge inj ec- Charge =~ -
Charge " Inter- tion . trans- genera- Sur - blockrng port . tion
ate face | ayer— ayet tayer—tayer —tayer MatertTat gas & [ Fow.
rate: [err] (sccm 200 0 Op - 3 16 [ ccm
£00 1,000 600 Drum R. Draﬁ B Drum e pruml® %ﬁﬁﬁnﬁ?

Material gas &
flow rate:

SiH, (sccm) 100 « e e -
H, (sccm) | 800 e e - i -
B,H, (ppm). 2 e e - e

(based on SiH4)

Support temperature.

(°C) 300~ 350~ 350- 350&_ 370~
ZQO : 200 ~ 250 300 250
Internal preesﬁre: _ -
(Torr)  0.5° e « - e
*power: (W) . 500-  800»  800- 600>  600-

300 ‘500 300 . 400 - 500

'Layer thickness: : _

* 3 to 8 tlmes the flow rate of SiH (herein 300 to
800 W)

Power changes are shown as representative values.



[err] (ppm) 1,500 S5[err]1 1 ) . 5 (based on [err])

[err] (sccm) 0.5 . 0.5 0.1 0.1 0.1 [err] (sccm

20 ~100[err]O 0.1 200 - 500 Support tenperature: ([err]) _
250 250 250 250 | 250 Imééfal-pressure: (Torr) 10 -
15 - 15 . 5 5 Power: (W. 100 - 600 - 500 200
300 Layer thickness: (pm - - 3 .. 30 2 0.1 0.5
- 140 - -Table 9 Charge |nject|on Phot o- blocking * conductive -
Surface | ayer | ayer . ' &gxir Q&terlal gas & flow rate:
[err] (sccm 100 - 'Under : 10 conditions [err] -
(sccm 300 &S STo@aLge rap € 10 ferri—(prm —2,000
(based on [err]) NO (sccm ' ingegﬁlBﬁrr]Pﬁ6%BU) S |

500 - : - .~ blocking conductive - - Surface

_layer layer .___layer

Material gas &
flow‘rate:

SiH, (sccm) : '100 ' Kept constant, 10

- the conditions
H, (sccm) 300 shown in -
_ o : L Table 10
B,H, (ppm) 2,000 . :
(based on SiH,) ' B
'~ NO (sccm) 50 _:
CH, (sccm) . 500
- Support temperature‘_ L .
(° C) o 300 Constant 300
. (200, 220, 250
270, 300, .
330,350,370)
Internal pressure: “ | | o
- (Torr) o 0.5 . 0.5 0.2

Power: (W) " 500 Constant 300 .
. ' (300, 400, 500
600, 700, 800)

Layer thickness: , _
(pm). 3 30 0.5




Support tenperature: (O

300

changed in thick- ness direction Internal
0.5 0.2 Power: (W

300 changed in thick- ness direction Layerl48i¢kness:

Conti nuously
pressure: (Torr)

300

500 . Cont i nuously

(pm

0.5

30 . 0.5 - 141 - Table 10 DrumA .. DrumB Drum C Drum D
Drum E -Material gas & flowrate: [err] (sccm 100 [err] [err]
(sccm) 800 - - [err] [err] (ppm =~ = 2 [err]
(based on [err]) Support t enper at ure: . ([errﬂg 300[err] 350[err]
350[ err] 350[ err] 370[err] 200 _ 1 %50 300 250
I nt ernal pressure—{For+ Fer+ —te++ _.uwerf—(vv
500[ err] . 800[err] 800[err] é&?{e er:]on GOOEL rcl_ 300 . 500 300
400 500 - blocking - conductive_' Surface
_layer lavyer laver
Material gas & |
flow rate:
- SiH, (sccm) 100 100 10
H, (sccm) 300 800
B,H, (ppm) 2,000 2
(based oh SiH,)
NO (sccm) 50
CH, (sccm) 500
' Support temperature. _ :
(°C) 300 350-250 . 300
Internal pressure: '
(Torr) 0.5 0.5 0.2
‘Power: (W) 500 700400 /300
Layer thicknees:
(um). 3 30 0.5

3



Layer thickness: ([err]m 30 - [err] * 3 to 8 tines the flbw
rate of [err] (herein 300 to 800 W Power changes are shown as '

representative val ues. - 142 - Table 11 Charge injection. Photo-
bl ocki ng conducti ve - Surface | ayer44 - | ayer | ayer
Material gas & flowrate: [err] (sccm . 100 . Kept const.ant
10 the conditions [err] (sccm- 300 - . shown in Table 10 [err]
(ppm - 2,000 (based on [err]) NO (sccn) -~ 50 [err] (sccm
500 Support tenperature: (O - 300 Const ant : 300
(200 220 250 270, 300 330 350, 370) Iﬁ%%##%ﬂlqoressure :
' .Charge Photo- _
injection conduc- Inter-
blocking tive mediate Surface

layver - layer _'laver laver

Material gas &
flow rate:

SiH, (scem) = 150 200 100 10

H, (sccm) 500 - 800

PH, (ppm)* 1,0QC

BH, (ppm)* 0.5 500

cH, (secem) 20 - 300 500

* (based on SiH,)

- Support -temperature:

(°C) ' 250 350~ - 250 250
_ 250
Internal pressure° o _ "
' (Torr) : 0.3 - 0.3 0.2 . 0.1
' Power: (W) - 300 1,000~ 300 200
- . ' 700 '

Layer thickness: _ : _ _
(pm) .2 30 0.1 0.5




(Torr) 0.5 0.5 0.2 Power:. (W
500 Const ant 300 (1300, 400 500 600, 700 800) Layer
thi ckness: ([err]m . 3 30 0.5 - - 143
- Table-12 Charge injection Phot 0- bFodkbng conduct i ve ..Surface
| ayer layer | ayer Material gas & flow rate:- [err] (sccm
100 - 100 _ _ .10 . [err] (sccm - 300 800 [err}
(ppmM 2, 000 2 (based on [err]) NO (sccm ' 50 [err]
(sccm - : ' - 500 Support terrperature
([err]) 300 350[errT%be 2 300 I nt er nal
pressure: (Tor H— - 5 —0—2 ruv'DE‘IL—(W
gOO. 3Z)OO[ err] 400 05 anec%\_%/or thlghgggss ([err] :
' " blocking conductive Surface
layer . layer - laver
Material gés_&
flow rate:
 SiH, (sccm) 150 100 '200-10-10 .
SiF, (sccm) 2 1 5
H, (sccm) ' 500 800
B,H; (ppm) 1,500 2 10
- (based on SiH,) |
NO (sccm) 10 1 3 _
CH, (sccm) 5 1 50-600-700
Support fempe’ratufe: _
S (°C): ' 270 350-280 250
Internal pressure.
(Torr) 0.1 0.3 _ 0.5
Power: (W) 200 800-400 100
Layer thickness: _
(pm) 2 30 0.5




- 144 - Table 13 Charge Photo- injection conduc- |Inter- blocking tive
medi ate Surface |ayer - | ayer | ayer | ayer Material gas & flow rate:
[err] (sccm - 150 200 100 . 10 [err] (sccm) . 500
800 [err] (pprr)* | 1,000 [err] (pprr)*" 146 - 0.5 500 [err]
(sccm 500 * (based on [err]) o
o : o : §u5p6rt_ tenper at GrE “(Terr)” ~ 7 7 7 - 556_ B __350[_er_r]
250 250 250 Internal pressure:: ? ie 0.3 0.3 0.2
0.1 Power: (W _ 300 1, OOO[e ?% ééo 200 700 Layer
thlckness: ([erTJn;_ IRZ _éﬂarge O $hoto- 0- 9
absorb- - injection conduc- _
ing @ blocking tive - Surface
layer - layer layer laver
Material gas &
flow rate: _
' SiH, (sccm) 150 150 100  150-15-10
GeH, (éccm) 50
H, (sccm) 500 500 800
B,H, (ppm) 3,000 2,000 2
~ (based on SiH,)
NO (sccm) 115510 10 5 |
CH, (sccm) 0-500-600
Support”temperature:
- (°c) . 250 250 350~ 250
- S B - 250
Internal pressure: 3 o '
(Torr) 0.3 0.3 0.5 0.5
Power: (W) 100 200 600» 100
300
Layer thickness: ' _
(pm) 1 2 25 0.5




- 145 - Table 14 Charge injection = Photo- bl ocking conducti ve Sur f ace

| ayer | ayer . | ayer Material gas & flowrate: [err] (sccn)
150 ' 100 _ 200[err]10[err]10 [err] (sccm o
1 ' .- 5 [err] (sccm .. 500 147 - 800 [err] (ppm .
.1, 500 ' : 10~ (based on [err]) NO (sccn)
1 ' 3 [err] (sccn) i 5 .
50[err]600[err]700 Support tenperature (O L 270 o o
350[ err] 280 250 Internal pressure: 6%%%# 0.1 - 0.3
0.5 Power: (W 200 .8 ?]M@O © 100 Layer t hi ckness:
(pm - ' g —3AG—TFabte—15 IR— .
gha-]r ge ' Phot o- absorb- inj e&?ﬁﬂtloquucphéﬂg_ bl ocki ng tive
urtace - blocking  conductive ' Surface.
' lavyer ___layer layer
' Material gas & .
flow rate: _
SiH, (sccm) = 150  Under 200-10-10
' -condi- ' '
SiF, (sccm) 5 tions as 10
e _ shown in :
H, (sccm) S 500 ~ Table 17
B,H, (ppm)  - 1,500 :
(based on SiH@)" '_' : ':
NO (scem) ' 10 :
CH, (scem) 5 ) 0500500
| -Support temperature: . | o
- (°C) , - 300 : Continu~ 300
_ o ' S ously. o
changed in
thick-
ness
diregtion

Internal pressure: . '
(Torr) - - - 30 20 20

Power: (W) - . 200 Continu- 100
' ' ously:
changed in
thick-
ness _
direction¥*

-Layer thlckness. - S
(pm) o 2 - 30 . 0.5

* 3 to 8 times the flow rate of SlH (hereln 150 to
400 W) _



| ayer | ayer | ayer =~ layer Material gas & flowrate: [err] (sccm
150 150 100 150[ err] 15[ err] 10 [err] (sccm 50 [err]
(sccm . "~ 500 . 500 ' 800 [err] (ppm 3, 000 2,000
2 (based on [err]) NO (sccn) 15[ er¥ | 1408 - 10 5
[err] (sccm ' : C O[err]500[err] 600 Support
tenperature: (O : 250 - 250 - 350[err] -~ 250 250

I nternal pressure: (Torr) 0.3 0.3 0.5 - 0.5 Power:
(W 100 ' 200 - 600[err 100 300 Layer thickness:
([err]n) -1 2 de 17 0.5 - 147 - Table 16

| ayer

Char ge |nJectlon——_EhgLg__bLgckLng____cgnducLL¥e

| ayer Nhterlal gas & flow rate;:

rum A Drum B

Material gas &
flow rate:

SiH, (sccm) 50
H, (sccm) .400
B,H, (ppm) 1.5

{based on SiH,)

Surface | ayer

Support temperature:

(°C) . 300- .

' o ' 200
" Internal pressure:

(Torr) 20
 Power: (W) 250~

Layer thickness:
(pm) : 30

150

Drum C_ Drum D_ Drum E
- - - -
« « - «
- R «— «—
350-  350- 350~ 370
200 250 300 250
- " e— «-
400-» 400> 300~ 300~
250 150 200 250
- - - -

Power changes are shown as representative wvalues.



[err] (sccm) 150 Under 200[ err] 10[err] 10 condi- [err]

(sccm. ; 5 tions as 10 shown in [err] (sccm
500 Tabl e 17 [err] (ppn) 1,500 (based on [err]) NO (sccm '
10 [err]. (sccm o - -'149 - Q[err]500[err]500 Support
tenperature: ([err]) : - 300 . Continu- - 300 ously -
changed in thick- ness direction Internal'pressure: (Torr) . - 30
20 - 20 Power: (W - - 200 _ Cont i nu- 100 ously
changed in thick- ness direction* Layer thickness: ([err]m
2 30 . 0.5 * 3-to 8 timEebdfe owrate of [err] (herein
150 to 400 W o : :
- - Charge.
injection _Photo- :
blocking - conductive - Surface
. layer laver layer
Material gas &
flow rate:
- 8iH, (sccm) 300 . 50 . _ . 20
H, (sccm) - 500 350
'B,H, (ppm) - 3,000 - 0.5

(based on SiH,)

NO (sccm) ' 5 1
NH, (scom) | . 400
Support temperature. . |
(°c) 290 350280 - 250
,Internal pressure: - _ : - : '
(Torr) 20 _ 20 | , 10
Power: (W) 300 - 400-200 - 100

Layer thickness: - . :
(pm) - 3 - 25 0.3




- 148 - Table 17 DrumA DrumB DrumC DrumD DrumE Material gas & flow:

rate: [err] (sccm 50 - Jerr] [err] (sccn) . 400 lerr]

Terr] (ppm _ 1.5 N ' [efr]-(?g&ed on [err]) Support - -

t enper at ure: [err] - 300[ err]. - -350 350[err] 350[err]

370[err] 200 200 - 250 . 300 250 ‘Internal pressure: (Torr)

20 [err] Power: (W - 250[err]. 400[ err] 400ferr]

300[ err] 300[err] 150 250 150 - 200 250 Layer thickness:

([errlm - .30 [err]. Power chgyies g e shown as representative

val ues. - 149 - Table 18 Charge injection Phot o- bl ocki ng . _

-conductive Surface layer - chardelY€l charge layer Material gas &
- : trans- = genera- . o

" port tion Surface

layer laver layer

Material gas &
. flow rate:

SiH, (sccm) 100.', : 100 .  100-10-8
 SiF, (sccm). s s 1

H, (sccm) " 500 500

Bzf_:g_(pbni') O 10m1.5 1.5

-(based on SiH4)

" NO (sccm) - 1
‘CH, (scem)  100-0 - ~0+500-550
Suppoxrt temperature:' _
(°’c)y 350260 . 350 ' 250
Internal pressure.- o | | '
(Torr) 20 _ _ 20 7 20
Power: (W) - 800-300 1,400 100

Layer-thickﬁess: o _ -
(um) 25 - 3 0.5




flow rate: [err].(sch)

(sccm

(based on [err]) NO (sccm

400 Support-tenperature:

250 Internal
Power: (W

([err]m

Charge ~ Charge trans-

| ayer
100.
[err] (sccn)

(based on [err])

pressure: (Torr)-
' - 300

(Lerr])

genera- port
layer Material - gas & flow

- 300
350 [err] (ppn)

- 151 3200

50

400] er r] 200

25

3,000 -
1 [err] (sccm - -
350[err]280
- 10
100 Layer thrckness
-150- Table 19
Sur f-ace Iayer

20
0.3

#Qﬁ%ﬁ %@rr].(scch)

20 [err]

0.5

- 100

-100fer+11oferri8 |_CI
500

d ubll’ .
m err]cr(é),_pgg Chargé'o[fﬁfal_i]'—

~ tion trans- genera-
blocking port tion
layer layer . layer
Material gas &
flow rate: _
SiH, (sccm) 200 100 100
'H, (sccm) 500 800 600
B,H; (ppm)* 51" 1
~ PH, (ppm)* 500
. CO, (scecm) . 0.5 0.5 0.1
'CH, (sccm). 20 100-0 0.1
* - (based on SiH,) |
: Support,temperaturei
- (e 250 330~ ‘350
: ' - .250
Internal pressure: : ) '
(Torr) 10 15 - 15
Power: (W) 100 800-» - 800
' 500
Layer thlckness. o
(pm) - 3 30 2

medi-
-ate.

layer laver

30

- 300

Sur-
face

- 30 .

1.

5



NO (sccm 1 [err] (sccm - 100[err]O

0[err]500[err]550 ‘Support tenperature: ([err]) S 350[err]260

350 . 250 Internal pressure: (Torr) 20 20

20 Power: (W : 800[err]300 1,460152 - 100 Layer thickness:
([err]m : : 25 3 0:5 - 151 - Table 20 Charge
i nj ec- - Charge - Charge lnter- tion trans- genera- nedi- Sur-. -
blocking port - - tion ate. face |ayer layer | ayer | ayer

| ayer Material gas & flowrate: [err] (sccm- 200 -~ 100 ~ - 100 -

30 30 [err] (sccm 500 Bable 21 600 [err] (ppm*

5[err]1 _ ' : , : i R
0.5 0.5 . 0.1 e 39 é] ( E%B 100[err]0 .. .
0.1 - 200 -500 * (based on [ g% por ure ([ ).

0ub 230 er 200 T (bas Iﬁl D P L 8hkkhce

ver “°° layer ____laver

Material gas-&
flow rate:

SiH, (sccm) 100 _. Uﬁder_' ' 10

: - o : conditions
H, (sccm) : 300 as shown in
' _ ' S . - Table 22
(based on SiH,) | .

NO (sccm) - 50

Support temperature. : o
- (°C) 300 Continuously -~ 300
. o - changed in thick-

ness direction

Internal pressure: - : ' : : '

(Torr) . _ - 0.5 0.5 ' 0.2

Power: (W) . 500 . Continuously 300
: : ' : changed in thick-
‘ness direction

LaYef thickness: ' . _ _
-Gy 3 - 30 © 0.5




250 | nternal
‘Power: (W 100 -

t hi ckness: ([err]m

- Tabl e 21 Charge |nject|on
| ayer | ayer -

100 Under

pressure:

50 [err] (sccm -

(Torr) .

15

10 15 5 5
800[err] 800 - 200 300 500 Layer .
3 30 2 0.1+ . 0.5 - 152
Phot o- . bl ecRiS8 - conductive Sur f-ace
‘layer. Material gas & flowrate: [err] (sccm .

as shown in Table 22 [err] (ppn)

10 conditions [err] (sccn

500

300

2, 000 (based on [err]) NO (sccm

Support -t'enper at ur e:. (C) 30@able 22 Cbntlnuously 300
changed in thi ck—ress—di+eet+on -
| Drum A Drum B Drum C Drum D Drum E
Materlal gas &
' flow rate:
SiH, (sccm) 100 - - e -
H, (sccm) 800 e “ - -
-Bzﬂs. (ppm) ' _2 « « « -
(based on SlH4)
Support temperature. S _
Y (°C) 200~ 220 250~ 270-» . 270-
350 350 350 350 370
Ihterﬁal pfessure: . .
(Torr) . 0.5 - - € L “
*power: (W) 300- = 500- 300- 400~ 500-
' ' 500 800 800 . 600 600
“Leyer thickness: _
' (pm) 30 - e e

* 3 to 8 times the flow rate of SiH, (herein 300 to

800 W)

Power changes are shown as representative values.



| nt er nal
Power: (W
ness direction

pressure:

(Torr)
- 500
Layer t hi ckness:

Table 22 Drum A . DwnBaaMOﬂumDDumENmmlm

0.5
~Cont i nuously

([err]m

0.5

3

0.2

300 changed in thick-

30

0.5 - 153 - gas &
flowrate: [err] (sccm 100. [err] [err] (sccm) 800 '
[err] [err] (ppm 25 [err] (based on [err]) . _ _ _ _._ - _ .
— ~ " Support tenperature: (O | 6oger_ﬁg “220[err] 556[ er r_] ST
270[err] 270[err] 350 350 350 138 370 Internal pressure:

(Torr) et+1+—Po : err|

400[ err] 500[err] 500 . 800 Vi Q0 pn8QQ-_Layer t hi ckness:
(Lerr]m 30 lerr] gy ci“l§ ti rrsanaﬁetﬂ,gw rate ghrShbd-

(herein 300 to layer layer laver
Material gas &
flow rate:
SiH4'(sccm) 100 Kept constant 10
' o ' : the conditions
H, (sccm) 300 - shown in
: o Table 22
B,H, (ppm) 2, 000 .
(based on SiH ) .
_NO (sccm) 50  o - 
CH, (sccm) B _ 500
Support temperature' :
(° C) 300 Constant 300
(200, 220;: 250
270, 300,
330,350,370)
Internal pressure: : _ B
(Torr) 0.5 0.5 0.2
'Power: (W)- © . 500 Cdnstant : 300
' (300, 400, 500
600, 700, 800)
Layer thlckness. i
(pm) 3 30 0.5




800 W Power changes are shown as representative val ues. - 154 - Table

23 Charge injection Phot o- bl ocki ng. conductive Surface | ayer
| ayer - layer Material gas & flowrate: [err] (sccm - - 100
Kept const ant - 10 the conditions [efr]58secm o 300 shown
in Table 22 [err] (ppm. - 2,000 (based on [err]) NO (sccm _ . 50
[err] (sccm ' " 500 Support tenperature:
([err]) , 300 - “ Cbnstant .. 300 .(200, 220, 250 270, -
300, 330, 350, 370) Internal pressure: (Torr) 0.5 0.5 .
0.2 Power: (vv - 500 Consffafte 24 . 300 (300, 400, 500
' ' Charge I
injection Photo- ' : -
blocking conductive - Surface

layer. : layer _ _layer

Material gas &
flow rate:

SiH, (scem) 100 100 | 10
H, (sccm) - 300 800
'BjH, (ppm) 2,000 2

(based on SiH,).

NO (sccm) , - . 50

CH4 (sccm) ' - o ' "500
Support temperature: - _ :

(°C) . 300 2504350_ : 300

" Internmal pressure: | ‘ .

(Torr) : 0.5 _ 0.5 _ : 0.2

Power: (W) 5000 400-700 300

Layer thlcknes5° . : o
(pm) .3 30 ' 0.5




600, 700, 800) Layer thickness: ([err]m | -3 30

0.5 °~ - 155 - Table 24 Charge injection Phot o- bl ocking = conductive
Surface | ayer | ayer- =~ | ayer Material gas & flom/rate: [err]
(sccm). 100 100 . " -1D56err] (sccm 300
800 [err] (ppm 2,000 o 2 (based on [err]) NO (sccn) . 50
[err] (scem : 500 -~ -
__"Support tenperature (0O _ 300 250[err]350 ' 300
Internal pressure: (Torr) - 0.5 Table 2% 5 0.2 Power:

. 400 ar 'I 7nn - 200 | Aavpor tht alenacg: Al PN,
(3W 3300 . T 6" g C&ilarge N UP\ﬁJotl_oUL__y T LTI CNTTTC SO, \ |_ Cl 1 rT)

' : T : B injection conduc- Inter- .
blocking tive mediate Surface

laver layer laver -laver

Material gas &
" flow rate:

SiH, (scom) . 150 200 100 10
H, (scem) | 'soo 800 |

PH, (ppm)*'" " "1,000 a _

B,H, (ppm)* o 0.5 500 |
 cx, (sccm) 200 300 500

* (based on SlH4)

Support temperature'_

S (°C) . _ 250 - 250~ 250 250 -
: o - . 350 _ :
Internal pressure: .. T : _
(Torr) 0.3 0.3 0.2 ' 0.1
Power: (W) ' 300 600- ~ -300 . 200
. _ 1,000 L _

'_Layer thickness;-. : : .
(pm) 2 30 0.1 0.5




- 156 - Table 25 Charge Phot o- injection conduc- |Inter- bl ocking
tive  -~nediate ~Surface |ayer | ayer | ayer - layer Material-
gas & flowrate: [err] (sccm - 150 200 100 _ 10 [err]
(sccm - 500 800 [err] (ppn)*- 157 -1, 000 [err] (ppm * -
0.5 500 [err] (sccm ' .300 - 500 *
(based on [err]) Support tenperature: ([err]) 250 - 250[err]
250 ' 250 350 Internal pressure: (Torr). 0.3 0.3 2
0.2 0.1 Power: (W - 300 600[ err]. 300 . 200 1,
000 Layer thickneSs ([err]n) Ta bl ?6 30 - 0.1 0.5
- 157 - Tabl e. 26—Chat gt i : '
_ _Charge _
injection Photo-
“blocking conductive Surface
layer ' layer layer
Material gas & i
flow rate.
SiH, (sccm) 150 100 2001010
SiF, (sccm) 2 1 5
H, (sccm) 500 800
ByH, (ppm) 1,500 2 10
‘(based on SiH,) ]
NO (sccm) 10 1 3
CH, (sccm) . 5 1 ' 50-600-700
Support temperature. | B o . o
S (°C) _ - 270 2804350: 250
' Internal pressure' :
: (Torr) 0.1 0.3 _ 0.5
Power: (W) 200 400-800 100
Layer thickness: - :
(pm) _ 2 30 0.5




injection Photo- bl ocking. conductive Surface |ayer | ayer

| ayer Material gas & flowrate: [err] (sccn) 150 100
200[ err]10[err] 10 [err] (sccm. : 1 _ 5 [err]
(sccm 50 - .. 800 [err] (rnﬁnlss - 1,500 ' 2
10 (based on [err]) NO (sccn) : - 3 [err]
(sccm , o 50[err]600[err]700 Support
tenperat ure: ([err]) 270 - 280[err]350 - 250 Internal
pressure: (Torr) - . . 0.1 - 0.5 Powver: (W
200 400[err]800 100 Layer thF‘éPE‘r&ss’” ([err]m
30 0.5 ' '
injection conduc- ing '§ b '§§§Zg§§ok agggggggr ' Iayer
layer  layer Material gas &flo ng f" blocking tive  Surface
layer  laver layer laver
Material gas'&. |
flpw rate: _
SiH, (sccm) 150 150 100 150-15-10
GéH4 (sccm) 50
H, (sccm) . 500 500 ~ 800
B,H, (ppm) - 3,000 2,000 ' 2
(based on SiH,) _
NO (scem) . 15-10 - 10 s
CH, (scem)” -~ . o 0-500-600
Support temperature: .' L _-
(°c) . 250 250 ' 250~ 250
_ , : 350
Internal pressure: o R '
(Torr) - 0.3 - 0.3 - 0.5 0.5
 Power: (W) 100 200 300~ 100
_ : : 600

Layer thickness: :
(pm) g 1 -2 25 0.5




[err] (sccm 150 150 100 150[err]15[err]10 [err]

(sccm 50 [err] (sccm - . -500 ' 500 - 800 [err] (ppm
-3, 000 2,000 o 2 (based on [err]) NO (sccm) ~ ~ 15[err] 10
10 : 5 [err] (sccm. - ' .
O[ err]500[ err] 600 Support tenperature ([errl) : - 250 - 250
250[ err] 250 350 Internal pressure: (Torr) R 0.3 0.3 - '
0.5 0.5 Power: (W - 100 - 200 . 300[err] 100 600 Layer.
thrckness ([err]lm ' 1 - 228 - 25 0.5 -- 159 -
Tabl e 28 Charge |nject|on ' Photo4 bloéﬁ?m conductive- - Surface | ayer
| ayer tayer—vatertat owrate—fert—(scecm 50
Under 200][ err] 10[err] 10?&:%&5_ om &' rI},h‘g.gggrr) _ 5 .
tlons_as_ 10 blocking conductive Surface '
_laver layer layer
Material gas & |
flow rate: _ o _ _
SiH, (sccm) - 150 Under : 200-10-10
: : ' ‘ condi- - : _
SiF, (sccm) 5 - tions as _ 10
o - ' _ ‘'shown in
H, (sccm) - 500 -.  Table 29
BH, (ppm) 1,500 . .
(based on SiH;) o .
NO (sccm) l-"- I 10 . .
CH, (sccm) 5 : 0-+500-500
Support temperature: . _ :
(°C) _ 300 Continu- 300
' - ' . ously _ :
changed in
thick-
ness

direction

Internal pressure: . '
(Torr) '_ 30 20 - 20

Power: (W) 200 Continu- 100
' s _ ously’ a
changed in
thick-
ness _
direction* .

- Layer thickness: S |
(pm) 2 30 . o.5

* 3 to 8 times the flow rate of SiH, (herein 150 to
400 W) |



shown in. [err] (sccm 500 Tabl e 29 [err] (ppm 1, 500
5.

(based on [err]) NO (sccm - - 10 [err] (sccm

0[err]500[err]500 Support tenperature: ([err& 300

Cont i nu- : 300 ously changed in thrtk15 ess direction Internal
pressure: (Torr) : 30 20 Power: (W

200 Cont i nu- 100 ously changed i n thick- ness direction* Layer
thickness: ([err]m _ 30 0.5* 3to 8
trmestheflowrate of S|H4(here|n 1504%10029V\) - - 160 - Table 29 -

eDrﬁm'A - Drum B' Drum C Drum D Drum E

Material gas &
- £flow rate:

SiH, (sccm) 50 - - - e
H, ( SCCII'I) . 400 | - L e | e | -

(based on SiH,)

Support temperature:

(°C)  200- 220~  250»  270-  270-
: S 350 350 : 350 350 - 370
- Internal pressure: o o
- (Torr) 200« e - e
Power: (W) 150 250>  150» 200~  200-
: . : 250 400 400 300 400

Layer thickness: .
(m) -~ .. 30 . < € < - ©

- Power changes are shown as representative values.



Drum A DrumB Drum C Drum D DrumE Mat eri al

(sccm
1.5 .
200[err]
370 Inter

150[ err]
300

i njection

20°

gas & flow rate:

[err]

50 [err] [err] (sccn) 400 [err] [err] (ppn)
[err] (based on SlFM) - - - -
- - Supporﬂ5ﬂenperature ([err]) o
220[err] 250[err] - 270[err] 270[err] 350 350 350 350
nal pressure: (Torr) - 20 . [err] .Power: (W .
. 250[err] 150[ err] 200[ err] 200[ err] 250 400 400
400 Layer thickness: ([err]m ble 30 30 [err] Power
changes are shown as representatrve valdgi 161 - Table 30 Charge
. Photo—btocking LTve Surfacetayer- | ayer
| ayer. Material gas & flow rate: [egﬁ fggﬁﬁ Photos00 50 - -
"~ blocking ~ conductive = Surface
layer layer -~ __layer
Material gas &
flow rate: o
'SiH4 (scem) 300 50 20
H,. (sccm) 500 350
B,H, (ppm) 3,000 0.5
(based on. SlH4)
'NO (sccm)' 5 1
NH (sccm) 400
Support temperature. -
- (°C) 290 .280-350 250
Internal pressure: ' ._ | -
- . (Torr) 20 20 10
Power: (W) 300 200400 1100
Layer thiekness: :
(um) 3 25 0.3




ferr] (sccm 500 350 [err] (ppm 3,000 0.5
(based on [err]) NO (sccm . . 5 - L [err] (sccm :

400 Support tenperature: (C =~ - - 290 : 280[ err] 350

250 Internal pressure: (Torr) o - e - - 20 o 10
Power: (W - 300 - .~ 200[err]400 . . 100 Layer thickness:
([err]1m . 3 - 25 ' 0.3 - 162 - Table 31
Charge . Charge trans- . . genera- port tion Surface | ayer

| ayer .~ layer Material gas & flo eqqlerr] (sccm - 100

100 ~ 100[err]10[err]8 [err] (5?8%1%_31 5 5

1 [err] (sccm 500 CRATGEETT] - TO[errI 1.5 1.5
(based on SiH4) NO (sccm _ : trgngerr] g@%&%ﬁ- . 100[err] O ,
O[err]500[err]550 .. port tion =  Surface

layer layer _ laver

Material gas & -
flow rate:

$iH, (scem) ~ 100 100 . 100-10-8

SiF, (sccm) 5 5 1
H, (scem) 500 500 |
. BH, (ppm) .  10-1.5 1.5

(based on SiH,;)

NO (sccm) . 1

CH, (sgcm) 1000 - | 0+500-550
Support temperature: . |
(°c) 260-350° 350 250
Internal pressure: | L o
(Torr) 20 20 ' o '20.
Power: (W) 300800 1,400 . 100

Layer thickness: ' ,
(pam) - ' 25 3 0.5




Suppor.t terrperat'ur'e: ([err]) o 260[ err] 350 350 _ 250
I nternal pressure: (Torr) : 20 _ 20 20 Power: (W
100 Layer thickness: ([err]m 25

300[err]800 1,400 "~ - - :
3 0.5 . - 163 - Table 32 Char*géﬁi3nj‘ec- Charge Charge Inter-
tion trans- genera- medi- - Sur- blocking port tion- ate . face
| ayer | ayer - layer layer .layer Material gas & flowrate: [err].
(sccm . 200 100 - 100 - 30 30 [err] (sccm . 500
800 600.[err] (ppm . rk. 1 300 - )
[err] (ppm* 500 [err] (sccnm) -. T%;%é bé_- 0.5 0.1 0.1
0.1 [err] (sccm 20 T ¢ &0 0. T 200 500 *—(based
on Si H4) Support tenperature: ({gjdd> Charge 28Rarge 2Zn®bkeL'] 330
320 250 330 I nt ernal . pressur€ion trans- genera- medi- Sur- '
A blocking port  tion ate  face

_.layer layer laver layer laver

Material gas &
flow rate:

SiH, (scem) 2000 100 100 30 30
H, (sccm) 500 800 600 ' |
B, (ppm)* 5.1 1 300 5

: PH,. (ppm)* 500 | |
CO, (scecm) 0.5 0.5_1g 0.1 | 0.1 0.1
CH, (scc@)' 20 ~ 100-0 . 0.1 . 200 500

* (based on SiH,)"

Sﬁpport temperature:

(°C) 250 - 250-.- 350 - 320 250
. . A . -~ 330 - :
Internal pressure:
(Torr) .10 15 15 5 5
Power: (W) 100 °~  500- 800 200 300
800 ' '

Layer'thickness:' ;
(pm) 3 30_' ; 2 0.1 0.5




(Torr) 10 15 15 5 5 Power: (W 100 -

‘500[err]. 800 : 200 - 300 800 Layer 't hickness: ([err]m o
3 30 - 2 0.1 © 0.5 - 164 - Table 33 Charge injection
Phot o- blocklng conducti ve Surfaeeﬂﬁdyef | ayer ; _ Iayer_
Material gas &.flow rate: [err] (sccm 100 _ Under ' 10
conditions [err] (sccm 300 . as shown in Table. 34 [err] (ppm
2,000 (based on [err]) NO (sccm : 50 [err] (sccm _ ;
500 Support tenperature:. ([err])’ 'T bl'zgg 290 _ ' 290
| nt érnal pressure: (Torr) = 0.5 able g5 0.5 Power: (W
500 . 450 ' 300t dyﬁ\a ||él.,r\||caa : - ' . -
. injection Photo- , :
blocking conductive Surface
layer . layer’ : __laver
Materlal gas & | |
flow rate:
SiH, (sccm) rlOO Under - 10
' o _ _ o conditions :
H, (sccm) 300 as ‘shown in
I ' Table 34
B,H, (ppm) 2,000 - e
: (baSed'oh SiH,) - ,:
NO (sccm) | 50 ) |
' CH, (scom) : 500
i Support temperature. : _ S :
(°C) : . 290 : 290 290
Internal pressure;' . - -
(Torr) ' 075 0.5 - 0.5

Power: (W) 500 450 300

Layer thickness: : :
(pm) 3 . 30 . 0.5 -




([err]m 3 30 _ 0.5 - 165 - Table 34
Phot oconducti ve Iayer 1-A 1-B 1-C - 1-D 1-E 1-G
Nhterlal gas & flow rate: [err] (sccm) _ 1455100 - [err] [err] (sccn)
800 _ [err] - [err] (ppm ° 0.4 ° 0.45 0.7
2.5 4.5 4.8 (based on [err]) Support tenperature: ({err]) -
290 _ [err] Internal pressure: (Torr) 0.5 '
[err] Power: (W . 450 _ [err] Layer thickness: ([err]m
30 ~  [err] 166 - Table 35 1-A 7rhpRe 3% C 1-D 1-E 1-F 1-G -
Constant C (xlO[err]) 4. 4 5.0 7.78 11.1 27.8 50 53. 3 Charge
perfornance : :
: Photoconductlve layer: _ . _ o
1- A 1-B i-Cc- 1-D 1-E 1-F 1-G
' Material gas &
flow rate:
SiH, (sccm) 100 « =« - e -
H, (sccm) 800 & o« e . e e -
B,H, (ppm) 0.4 0.45 0.7 1.0 2.5 4.5 4.8
(based on SiH, )
. Support temperature: .
(°C) 290 - - - e — «
Internal pressure: .__
-, (Torr) 0.5 - « « - . - '(—'.
Power: (W) 450  « - e « “ “
Layer thickness:
: 30 - - « C e « «

(pm) .




11 1 1 2 3 Semsitivity: 2 2 2 . 1

1 .

2 - 3 4 Tenperature dependent propertles B . A A A
A A B Exposure menory: 4 3 2 1 r - 1. 1 Charge
potenti al shlft inintense exposure: 3 - 1%6 - 1 112 -3 4
- 167 - Table 36 Charge injection Phot o- ‘bl ocki ng conducti ve :

Sur f ace Iayer -~ layer - - | ayer Material gas & flow rate: [err]
(sccm : 100 100 : 10 [err] (sccm 300 -
800 [err] (ppm) . 2,000 - 1.0 $based on [err]) NO (sccm

50 [err] (sccm | | 35 500 Support :
tenmperature: (O————— — 299 : —200—— —200 | nteraat
pressure: e

1-A  1-B i-c. 1-p 31-E 1-F 1-G

Constant C (xlO*) . S - : g’
: 4. 4 5.0 7.78. 11.1 27.8 50 53.3

‘Charge performance: , : ' ' :
' 1 1 1 B | 2 3
Sensitivity: S _
- | 2 2 2 . 1 2 3 4
Temperature—depehdeht o o '
properties: B . A A A A A B
' EXposure memory: _ '
- 4 3 - 2 T 1 1 1
Charge potential shift |
in intense exposure: : : o
: : - 3 2 1 1 2 3 4




(Torr) o 0.5 0.5 0.5 Power: (W 500

Under o - 300 conditions as shown in Table 37 Layer thickness:
([err]m ' 3 0.5 - 168 - Table 37
Phot oconduct i ve | ayer: -2- A 2-B  2-C - 463 -2-E 2-F 2-G Material gas
& flowrate: [err]- (sccn) 100 [err] [err] (sccm -~ 800 '
[err] [err] (ppm .o : N [err] (based on [err]) _
_ : _ : — : o §u5p6rt‘ t_er_rpératﬁrg _i_ "6" T T 7290 T T T T [ErF]"
I nternal pressure: (Torr) . F ? Power: (W -~ 100 150
180 450 60 , _ : — _
[err] : C arge
A . injection Photo- : o
blocking conductive . ‘Surface
laver - layer = layer
Material ges & |
flow rate:
SiH, (sccm) 100 = 100 .10
H, (sccm) 300 800
B,H, (ppm) 2,000 1.0
(based on SlH ) | '
_NO (sccm) - " 50
CH, (sccm) 500
, Support ‘femperature: - o
(° C) I . .290 .. 290 .. 290
Internal pressure: | : B '
(Torr) _ 0.5 0.5 0.5
‘Power: (W) . 500  Under - 300
' : : conditions
as shown in

Table 37

Layer thlckness. ' :




- 169 - Tabfe 38 2-A 2-B 2-C 2-D 2-E° 2-F 2-G Constant B: 0.11

0. 167 0.2 0.5 0.7 0.78 '1.11 Charge performance: 1 - 2 . 1

1 1 2 - 2 Sensitivity: 2 -3 2 .1 1 2 3
Tenper at ure- dependent pr opertles B —8168 - A A . A, B B.
Exposure nenory: 4 2. 2 1 1 1 . 1 Charge potential.
Shlft i.n intense exposure: 3 2 .1 1 1 2 -2 -

170 - Tabl e 39 Charge |nject|on - Photo- bl ocki ng conductive Surface

| ayer - | ayer . |.ayer Material gas & flow rate: [err] (sccm

150 200 200[err]10[err]1é‘ga e 37 . o |

Photoconductlve layer:
2-A . 2-B 2-C 2-D 2-E 2-F 2-G

Material gas &
- flow rate'

SiH, (sccm) 100  « @ < “ - e e
H, (sccm) =~ 800  « e e e e
B,H; (ppm) 1.0 « (_' e & e a

(based on SiH,)

‘Support temperature:

(°c) 290 =« . e o e e
_Internal pressure: . N
'(Torr) o 0.5 — = - - - & e e
Power: (W) 100 150 180 450 600 700 1,000

'Layér'thickneSS:_ -
(pm) 30 - - - - - «




[err] (sccm -2 1 5 [err] (sccm 500

1,000 [err] (ppm . .1,500 _ 4 10 (based on [err]) NO
(sccm 10 1 3 [err] (sccm 5

1. 50[err]600[err]700 Suppor t terrpe*raltﬁ?re* (C) . 270

260 250 Internal pressure: (Torr) 0.1 0.3

0.5 Power: (W - - 200 , - 800 100 Layer -thickness:
([err]lm , 2 30 0.5 - 171 - Table 40 IR-
Char ge -Photo- absorb- injection oBguc i ng bl.ocking tive-
Surface | ayer | ayer . | ayer . Ia g 88ri al gas & fIOM/rate [err]

(sccm 156 ——356
50 [err] (sccm . 5002
2,000 —

5

15nLCIIJJ.J|_CIIJJ.U Ferri \aurn)

_EPP 23000

0

.~ Constant B:

0.11 0.167 0.2 0.5 0.7 0.78 1.11

Cherge performance: _ o '
1 .2 o 2

Sensitivity: o -
2 3 2 1 1 2. 3
Temperature dependent
properties: _ : _ n
| B B A- A A B B

Exposure memory: - : ' A
- 4 2 . 2 1 1 1 1

Charge  potential shift
* in intense exposure: . o . L :
IR 3 . 2 01 1 -1 2 2




[err] (scem | O[ err]500[ err] 600 Suppor t

tenperature: ([err]) ' 250 250 - 300 250 Interna
pressure: (Torr) - 0.3 0.3 : 0.5 0.5 Pomer::(vv
100 200 - 600° 100 Layer thi d/@ess: ([err]m 1
2 25 0.5 -172 - Table 41 Photoconductive | ayer Charge
Char ge trans- gener a- port o tion -Surface | ayer
| ayer .. | ayer Material gas & flowrate: [err] (sccn) 300
300.. . - - 200[err]10[err]10 {err] (sccm - 1
5 [err] (sccm 3,000 - 3, OOBaP%?r?g(ppn) 16
10 10 (based—onfersr hK%ﬂscc“,
3 [err] (sccm - 50 _ d 1oh gherr]GOO[err]700 Support
temperature: (ferr]) biidking 2 ctive saerfabternal
pressure. ' ' ' layer 1aver : 1aver : '
Material gas &
flow rate: . . o _
SiH, (scem) 150 . 200  200-10-10
SiF, (sccm) ' 2 : 1 o 5
H, (sccm) 500 1,000
B,H, (ppm) 1,500 4 10
(based on SiH4)
NO (sccin) 10 T3
CH, (sccm) =~ 5 1 50-600-700
Support temperature.
(°cy 270 260 250
' Internal pressure: . - '
(Torr) =~ 0.1 0.3 0.5
Power: (W) 200 800 100

Layer thickness: .
(um) 2 - 3 - 0.5




(Torr) 0.3 0.3 0.5 Power: (Vv . 700
1, 200 100 Layer thickness: ([err]m- 30 2

0.5 - 173 .- Table 42 Charge Phot oconducti ve Iayer i nj ec- Char ge
Char ge tlon trans- gener a- bl oc-klh’gl port ~tion .~ Surface -
layer ‘| ayer | ayer ~ layer Material gas & flow rate: [err]

(sccm 150 . 300 - 300 @ 15Qerr]15[err]10 [err] (sccn) [err]
(sccm 500 - .1,500 1,500 [err] “(ppm 2,.000

6 (based on [err]) NO (sccm 10 5 [err]
(sccm) - . Tabd[eerﬁq 500[ err] 600 Support

tenperaturer ( al

. ' : : arge, NN
pressure: (Torr) 3) 0. 5 Power: (W
J tlon nduc- .
S A 1@&3? 5 RS G curcace
S o . ' layer layer layer .laYQr_
Material gas & | | |
flow rate: .
SiH, (scem) . 150 150 300  150-15-10°
GeH, (sccm) - 50 |
H, (sccm) 500 500 1,500
 B.H, (ppm') 3,000 2,000 3
(based on SlH4) '
NO_(sccm)__ 15-10 10 - - 5
CH, (secm) e - __ o->500—+600'
Support temperature. : : : _
ey 250 .. 250 . 300 250
:nfernal preseufe: ' ' . S S
- (Torr) o 0.3 0.3 0.5 0.5
Power: (W) - 100 200 600 100

Layer thickness: o _ _ '
(pm) 1 2 25 0.5




- 174 - Tabl e 43 Phot oconductive Charge | ayer injec- Char ge
tnter- tion trans- genera- nmedi- Sur- blocking port =~ tion ate
face layer ~ layer |ayer | ayer {ayer Material gas & flowrate: [err]
(sccm 220 . 200 100 030172 - 30 [err] (sccm 600
1,200 700 .[err] (ppm* ' ~S[err]1 1 280 4
[err} (ppm *. 400 [err] (sccn) 0.8 : . 0.1 0.1
0.1 [err] (sccm 30 200{err]- 0.1 200 500 0.1 * :
(based on [err]) Support tenperature: [err 250 = 250 250
250 250 Internal pressure; (Torr) Table 4p 1 0.35 0.5 |
0. 45 0. 23 Power— / \I\Y 1 nn 600 A50 200 300
Layer thickness: ([err]n) Photogonductive lgver 0.1 0.
. _ - Charge ~ Charge - S :
' trans- = = génera- -
port ~tion Surface
layer layer _layer
Material gas &
flow rate:
SiH, (scecm) © 300 300 20010510 =
| SiF, (scem) 3 1 5
' H, (sccm) 3,000 '3,000
B,H, (ppm) 16 10 10
(based on SiH,) . - '
NO (sccm) | 20 __3'
CH, (sccm) 50 5 -50-600-700
Support temperature- | _ -
(.c)y . 270 260 250
Internal pressure: _
(Torr). 0.3 0.3 0.5
Power: (W) 700 1,200 100
Layer‘thickneSS: o
(pm) 30 2 0.5

Char ge

5 .



- 175 - Tabl e 44 Charge injectfon Phot o- bl ocki ng conductive . Surface

| ayer - | ayer | ayer Material gas & flow rate: [err] (sccm
150 -200 200[err]100{err] 10 [err] (sccm '
3 10 [err] (sccm 500 - 173 - 800 [err] (ppn) o 1,500
3 (based on [err]) NO (sccm 10 [err] (sccn) 5
O[err] 500[ err]500 Support tenperature: ([err]) - 300_ ‘300
300 Internal pressure: (Torr) - = 10 20 Power:
(W - 200 © 600 . 100 Layer thi ckness:. ([err]m .
2 - 30. 0.5 - 176 - Tabfgbds AR Char ge Phot o-
absorb- . inj ection O Charge = Photoconductive layer

injec- Charge Charge

tion - - trans- genera-

blocking port - tion = Surface

laver layer layer laver.

Maferial gas &
flow rate:

SiH, (sccm) 150 300 300 150415410
GeH, (sccm) | _ |
H, (sccm) 500 1,500 1,500

BJH, (ppm) 2,000 9 6

. (based on SlH )

NO (sccm) 10 S 5
‘CH, (scem) | C  0-500-600
Subport'temperature: _ _ |
S (°C) 250 280 300 250
Internal pressure: : | : '
(Torr) : 0.3 0.5 . 0.3 0.5
Power: (W) 200 1,200 600 100

Layer thickness: _ _
o (mm) 2 25 2. 0.5




ing - bl ocking tive Surface | ayer | ayer | ayer | ayer Material -

gas & flowrate: [err] (sccm 120 120 , 300
150[err] 15[ err] 10 [err] (sccm 30 [err] (sccm 600 600 .
1,800 [err] (ppn) 3, 000 1,800 - 174 5 (based on S|H4) NO (sccn)
15[err]10 ' : 5 [err] (sccn) _

0[err]500[err]600

Support tefperature: ([err])

270 - 270 - : 300 = 270 I'nternal gfsqie (Torr) _
20 8 10 Power: (W ﬂ%? 200 600 100 Layer
t hi ckness: ([errim T - Tabl e
46 Phot oconductive | ayer. Charg%haIr e Char qﬁ%ﬂﬂ9Ué%rmegenera- port _
tion - Surface layer injed Charg . rifledas & 3
S . : - tion trans- genera— medi- _Sur- o
' blocking port tion ate face
_laver layer = layer layer layer
~ Material gas.& |
flow rate: . _ _
SiH, (sccm) 220 200 100 30 30
H, (sccm) 600 1,200 700
BH, (ppm)*  5-1 1 280 .4
PH, (ppm)* = 400 | |
co, (sccm) 0.8 0.1 0.1 0.1
CH, (sccm) .~ 30 . 200- 0.1 ~ 200 500
| IR . . 0.1 . E
- * (based on SiH,)
' Support temperature: _ o .
(°C) 250 250 250 250 250
Internal.pressure:. : . : - _ :
(Torr) 0.1 0.35 0.5 -0.45 0.23
Power: (W) 100 600 450 200 300

. Layer thicknessi : _
(pm) _ < 30 2 0.1 0.5




flowrate: [err] (sccm 200 80 ' 75[err]10[err]8 [err]
400

(sccm. 5 ' 5 1 [err] (sccm

400 [err] (ppm 10[err]2 - . ~ 2 (based on SiH4) NO (sccm

1 [err] (scny : 100[err] O - - 175 - O[ err]500[ err] 550 Support
tenperature: ([err]) _ 280 @ - 260 250 Internal
pressure: (Torr) ' 15 o 22 : 12 Power: (W

400 - 300 ~ 100 Layer thickness: ([err]m : 25

3 : 0.5 - 178 - Table 47 Charge ~_Phof oconduct i ve. | ayer injec- -
Char ge. Charge tion trans- en@ble tﬂ%mklng port tlon

Surface | ayer:

[err] (sccm 150 o 350 - Sg?g%% %J%r]w[err]lo [err] (sccr’r)'_.
[err] (sccm - 500 1,800 - 34 iqu conductive Surface

laver _ layer - lavyer

“Matefial gas &
flow rate:

'SiH, (scom) 150 200  200-10-10
SiF, (sccm) 5 3 10

H, (sccm) - 500 _'-éoo |
Brg-(ppm)' 1,500 3

(based on SlH )

"NO (sccm) 10 .
' CH, (scom) . 5 _ 0-500-500
Support temperature: B
(°c) | 300 300 300
Internal pfessure:' o _ '
(Torr) . 30 . 10 - 20
Power: (W) 200, 600 100

Layer thickness: ' _
(pm) . 2 ' 30 0.5




.[err]_-(ppn) 2,000 | 9 4 (based on [err]) NO(sccn)
' ' 5 [err] (sccm

0[err]500[err]600 Support tenperature: ([err]) . 250 280

300 - 250 Internal pressure: (Torr) - 176 25 _ 20 - - 20

15 Power: (W - 200 -1, 200 - 700 100 Layer thickness:
([err]m. 2 : 25 2 0.5 - 179 - Table 48 -
Photoconductlve Char ge | ayer .injec- -~ Charge Charge Inter- tion
trans- genera- nedi- Sur- bl ocking port tion ate face | ayer _
layer layer layer layer Material g&atde|¥w rate: [err] (sccm 200
300 100 30- 30 Le,u:r_]_i(_Rs:;cm___EaOeQ_—LQQQ—@QO—L-err]_
(ppm* 5[err]1 -1 Clwyr qg (ppm * 500
[err] (sccm) -~ 0.5 - 0.5absqrbr- injgotion '] dscem 20
100[err]O0 0.1 . 200 500 ing blocKing ur

lavyer laver .1aver layer

Material gas &
flow rate:

'SiH, (scem) . 120 120 - 300 150-15-10"

'._GeH4(sccm)' 30
H, (sccm) ~ 600 600 1,800
B,H, (ppm) - 3,000 1,800 5

. (based on SiH4):'.

NO (sccm) 15-10 10 - 5
o, (scem) o 0-500-600
: Support temperature: ' |
- (°0C) - - 270 - 270 _ 300 270
Internal pressure: :
(Torr) ' 12 20 _ 8 10

Power: (W) 100 200 - 600 100

Layer thickness: _
(pm) ' 1 -2 o 25 0.5




* (based on [err]) Support tenperature: ([err]) - 250 . 250

250 . 250 250 Internal pressure: (Torr) - 10 _ 15 = 15
5 5 Power: (W - - 100 : 600 450 1200 300 Layer o
thi'ckness: ([err]m. : 3 - BD7 - 2 0.1 0.5 - 180 -

- As having been described above, according to the present invention, the.
t enper at ur e- dependent properties in the service tenperature range of the

el ectrophot ographi ¢ lirght-receiving menber can be 5 remar kabl y decreased
and at the sanme tine the occurrence of "expasure nenory can be prevented. -
Hence, it is p055|ble to obtaln an el ect t raphlc Ilght-rece|v1ng

menber in whi ch—the DLQUIIILyUT Fectrophpt f rght=—recetving
menbers to service 10 environ af.§§ﬁ’u [63H§J¥ﬁx5f'and by which .
hi gh-quality images affording a s qﬁﬂfton %Hﬁg 1aving a high resolution

can be stably obtained. Accordi NG ot She pr es%}o nventi oy, oo
t-enper at ur e- dependent properties iy ihe servi Cl%jgi:_ tenriec{g%fjre range of
t he el ect rophotographnic Ti gt -rece|V|rg menber .can be remnmar Kabl'y decreased

and at the sanembiceRialdeasegse in exposure nennry and an |nprovenent in,
photosen5|t|V|tyleanraeeach|eved

[

' SiH, (sccm) - 200 8o | 75-10-8
_SiF4 (sccm) _. _ 5 5 : 1
H, (scom) = 400 . 400

BzH_;_ (pbm) 10-2 - 2

. (based on SiH;)

NO {(sccm) R
CH, (sccm) ©100-0 o 04500550
Support temperature. | _ _
(°C) . 280 : 260 250
 Internal pressure: = ' | ". .
(Torr) 15 22 . 12
Power: (W) 400 300 100

Layer thickness: : . _ '
(pm) .- 25 - . 3 0.5




Hence, it is also possible to obtain an 20 el ect r ophot ogr aphi c

i ght-receiving nenber in which the stability of el ectrophotographic

| i ght-receiving menbers to service environnent has been inproved and by

whi ch high-quality images affording a sharpyéalftone and having a high
resolution can be stably obtained. 25 - - According to the present -

i nvention, the |ntenS|ty ratio of absorptlon peaks ascribable to Si-H2
bonds and Si-H bonds is further specified, whereby the mobility =~ - 181 -
of carriers through |ayers of |ight-receiving nenbers can be made uniform-.
As the result, it is still ‘also possi bl &abd-eol7ai n an el ectrophot ogr aphi ¢
Ilght-rece|V|na menber by which the fine density. 5 difference in-

hal ftone i mages, what is cal | E82&88r se Bheigoondug] HYEIdecr eased.

Hence, the el ectrophot ographi énDie&hT-re@é’ia\FQ‘Rg rrer%@trg@f the present’

i nvention, designed to have tf 95)%0 fi CTERTsTi t USSP previ g .sley

descri bed, can 10 settle t ‘3ﬁwolved'H? onven%
'electrophotogra + ' tot—a2L and
exhibits very g Ieitrlcal optlcal -and photoconductlve properties,

i mage quality, %ﬁ g

In particular, ﬁge |ﬁ the Iight-rece|V|ng menber of the present invention
t he phot oconductl ggHI aY&&eh$ CORSp tuted afsa-Si greald y deersgaged,igy its
gap : . ' ; :

...
L."o

GeH, (sccm)
H, (sccm) 500 1,800 1,800
BH, (ppm) 2,000 9 a4

(based on"éiH4)

NO (sccm) . 10 5
CH, (sccm) ' : . 0-500-600
‘Support temperature: | : _ _
(°C) - 250 280 - 300 - 250
Internal pressure. _ , | -
(Torr) - 25 20 ' 20 15 -
Power: (W) 200 1,200 700 100

Layer thickness: .
 (pm) 2 25 2 0.5

mance and service environnental properties. 15



| evel s, any changes in surface potential which correspond with surrounding
envi ronmental variations 20 can be.prevented and in addition the
exposure fatigue or exposure nenory may occur only a little enough to be
substantial ly negligible. Thus, the |ightd78ceiving menber has very
.superior potential characterlstlcs and i mage characteristics. 25

Moreover, since in the light-receiving menber of the present invention the
photoconductlve layer is so constituted that a-Si greatly decreased in its
gap - 182 - levels is continuously distributed, any changes in surface
potential which correspond mnth surrounHPHéeeﬁ§|ronnental varlatlons can be
prevented and i-n—adc e =

occur only a little enough to b substant ) Thus the
li ght-receiving menber of the preSEEF i nveft a‘ RSSYELY SHReLior potential
characteristics and i mage chara P ﬁ?stics C E resgﬁg

invention, since also the 10 bigﬁﬂfﬁ tutgf epenaggh pfogeétlesfhgethenb

service tenperature range of theg el ght;
is remarkably i - phot ographi c
|Ight-F€C€IVIon£€QPf£1h xkng a Ilght-rece|V|ng l.ayer 15 fornmed of a

non-nonocrystal ki 5 pREgt! al mainly conposed of silicon atoms, that has
attained a _ :

SiH, (sccm) 200 300 100 30 30
H, (sccm) 500 '__1;000 . 600 |

Jagg_(ppm)* B Y 1 300 5
PH, (ppm)* 500 |
co, (sccm) 0.5 0.5 0.1 0.1 0.1
CH, (scom) 20 - 10040 0.1~ 200  500°

* (based on SlH )

_Support temperature.

(°cy - 250 250 250 250 250

' Internal pressure: . - _ - o
(Torr) 10 15 15 g 5 5
Power: (W) 100 600 450 200 300

Layer thlckness. _ '
(pm) o 3 30 2 0.1 0.5




remar kabl e decrease in tenperature-dependent properties to achieve a
dramatic inprovenent in-environmental resistance (resistance to the effects
of the 20 . tenperature inside.copying machines and the outernost surface
ténperature-of the |ight-receiving nmenber)80 wher eby i mages can be nmade .
hi ghly stable even in continuous copying, and al so has attained a decrease
‘in exposure nmenory and charge potential shift in 25 conti nuous charging .
to achieve a dramatic inprovenent in image quality. In addition, according
to the present inveption, ., - 183.- since.the |light-recei.vin er is
produced by a proce’% Bﬁ*hﬂﬁcHeFﬂedaﬁsr%58$_FEPXF'd88F8§%QQ§ %Fgaﬁgﬁte'and
di scharge power_are Lim Lt ossi bl rQuide . roc r i
produci ng an e?@%??%th%?%§85%%%6 ghg %ngﬁﬁg%gggi@%R%gﬁ%ﬁ%e%rgiggﬁﬁfs
~inproved-in e|f§t£98h§E99§88hhgm srke gangﬁﬁggso§t@hgd'above. Hence, the
enpl oyment of ‘the production process Tor e~el.ect rophot ographi c _
light-receivi nslaéeiﬂsbhaiogbs?ﬂgﬁsﬁzahltn%saéaqaneameﬁ.s&t:l &ahN®ePr obl ens.

~invol ved 10 I'n conventional ectrophot ographic |ight-receiving nenbers :
constituted of ramsrkably @8EkbaHEAr andchy @Badsamectimealknheoptical ~and

phot oconducti ve properties, inmage quality, running performance and servi ce
envi ronment al . pecOPLLréheé 68neRkposakecnefioryScan be prékented.oyHenice)f such
a light-receiving nmenber in : : o '
it is possiblg to obtain an electrophotographic |
light-receiving member in which the stability of
'electrophdtographic light-receiving members to service.
10 '_enVironment has been impfoﬁed'énd by which high—quality'
| 'imgges affording a sharp halftbne-aﬁd héving'a high |
résolutioq can bé_stably obtained. | |
According to the present invention, the
tempefature-dependeﬁt properties in the service
15 temperéture rénge of thé electrophotographic
1ight-receiving.member can be remarkably decréésed and
at the same time a.dedrease in exposure memory and an |
iﬁpro&ement in-photoséhsitivity can be achieved.
Hence,_it'is also possible to obtain an
20 elgctrophotographic light-reCéivihg mémbef_in whiéh the
stability of electrophotographic'light—receiving |
members to'Service'enﬁironmenf has beén improved aﬁd by
which high-quality images affording-a sharp_halftone'
.and having a high reSolgtioh can be stably obtained.
l25 Adcdrding to the present invention, the intensity
ratio of absorptibn peaks asdribable to SiFHE bonds and

Si-H bonds is further specified, whereby the mobility



el ectrophot ographi ¢ apparatus al so makes it possible to provide an

el ect rophot ogr aphi.c apparatus which is not affected by surroundi ng

envi ronmental variations, nmay cause potential shift or exposure menory only
alittle 20 ‘enough to be substantially &8al gi ble, and has very superi or
potential characteristics and inmage characteristics. Specifying the Eu and
DOS as previously described above specifies, so to speak, the manner of .
structural 25 di sor der and t he nunber of defects or inperfections -Thi s

sol ves the problems caused the entr arrlers 84 - Needl ess
to say, the preé?fntc"‘}’?ﬁ’é?ﬁsro ’E‘H‘Fglbel%)b%? al'tg?/tn’ﬁ?ﬁﬂ‘éﬁ“%nlﬂe‘%ﬁﬁ?ned

'S "1 An of eoGABbS Qs %ﬁc%r&ﬁﬁié%% A Tekber BB E R 3150
conduct i ve_supp%?tss%_rbqh éaqﬁ; e,geé%/&g? nﬁéh%ggs%ﬁ%mal@hotoconductlve :

| ayer showi ng a otocon TV conducti ve support
s ol of 5 BTG W&%@%ﬁ ‘%Pg%ﬁ on "
wher ei n saisd difference in halftone 1mages, what is called coarse
~ images, can be more decreased
| 'Hence, the electrophotographic.1ight—receiving
member of the present invention, designed to have-the
specific-constitﬁtion as previously described, can

10 _settle the problems involved in conventional
_electrophotographlc light-recelving members constituted-
of a-Si and-exhibits very good electrical, optical and

'photocondnctive_properties, image quality, running
performance and service:environmental properties.

15 | In particular,'since in the.light-receiving member
of the bresent_invention the photoconductive layer is
constituted of a—Si'Qreatiy decreased in its gap

- levels, any changes in surface ootential which
correspdndIWith surrounding environmental variations
. 20. can be prevented and in addition the'exposure fatigue
or exposure nemory may occur only a little_enough to be
 substantially negligible. Thus, the light-receiving
member has very superior potential characteristics-and-
image characteristics;

25 | Moreover,lsince in-the light-receiving nember'of*'

hthe preSenttinvention the photoconductive layer is so

constituted that a-Si greatly decreased in its gap



phot oconductive | ayer contains from 10 atonmic %to 30 10

“atomi ¢ % of

hydrogen, the characteristic energy of exponential tail obtained_fron1[ight
absorption spectra at |ight-incident portions at |east of the _
phot oconductive layer is from50 meV to-6882eVv, and the density of states.

of localization in the 15  photoconductive layer is from1 x [err] to 1 X
10[err]. 2. The el ectrophotographic |ight-receiving menber according to
claim 1, wherein said photoconductive 20" - |ayer contains at |east one.of

Goup Illb of the riodic table elenment selected from:

|
and Group Vb o etvt?g'espéﬁ SRETHGUS LY TRt e PRY o

A, Ga, In or Tl
PWULE 1%y or Bi.

2 mior 3 e SRR e S acsce 08 JEbSiogeRgr v (o
car bon, _0xy9en R ronmldd a0 e the1 okl SLEHS GUNAUAP ULy | 1t -Tecei ving

erel-n sal

menber according to any one of clalns

l'i ght - recei vi ngda@3%8lorf YHY Isiisared L5 e tH Vel S xd s iRl Ry 2

non-rmonocrystalline material nmainly conposed of a silicon atom é%d a
surface | gyer podrdemthign & alit IRty Gid e | ansdtaneidoryped of a .
silieon type non-nonocrystalline material containing at 10 | east .one of
carbon, oxygennagdigiblegen.THus, TR alikfHt-Qpited DR MenbdgB £ rewsi vi ng.

menber

characteristics and image characteristics.

present'invention has very superior potential

Accordihg_to the present invention, since also thé.

10 temperature4dependent-propérties in'the'service

temperature rangé of the.eléctrophotographiCj

'light-receiVing member is remafkably improved, if'is_,

-poSsible to obtain an electrophotographic

'-_light-receiving member having a 1ight-feceiving layer

15 formed of a non-monocrystallihé material mainly

composed of silicon atoms, that has attained a'

remarkable decrease in temperature-dependent properties

to achieve a dramatic improvement in environmental

;esiStance (resistance to.the effects of the

_'20 femperatﬁre inside copying médhines and the outermost

surface temperature of the light-receiving member),

whereby images can be made highly stable even in

continuous copying, and also has attained a decrease in

ekposgre memory and'charge pofential_shift in

25 continuous charging to achieve a dramatic improvement '

in image quality.

In addition, according to the present invention,



according to any one of clains 1 to 3, wherein said light-receiving |ayer
conprises a charge injection 15 bl ocking | ayer formed of-a °

non- nmonocrystalline nmaterial mainly conposed of a silicon atomand
‘contai ning at |east one of -carbon, oxygen ¥ nitrogen and at |east one of -
Goup Illb of the periodic table elenent -selected fromB;, A, Ga, In or Tl
and Group Vb of the 20 periodic table el ement selected fromP, As, Sb or
Bi, a photoconductive | ayer provided on sai d charge injection bl ocki ng

| ay d fo tall. d of -
i1 con atom | aNARGeETRAdORL, EECERYI e, 1f HHRSEIR Ko | ayer 25
and formed of apstliean by hEN SRR St g&ﬁ;ﬂtﬁ g SO HTpO0 ot

| east one of caP oxygen and nitr tographic.

l'i ght - recei vi ngraegbahaaa&%%&get oY A% Qfinpleddls ik LG i},osfmﬂeé negai d
phot oconductive T ayer has a |ayér thickness of from20 pmto. 50 pm 5 7.

The el ect rophot pgbepliCal pibtebsC For paoiRIS AC V1UdHFdphcibyRith
clains 4 to 6, wherein said surface layer has a. layer thlckness of from

0.01 pmto53 [elLight-tec8ivinhhemembelr grieeitdyr dmprovedyHn r ecei vi ng rrerrber
according to any one.of clains 5 to 7, wherein said _
electrophotographic performances as stated above.
| Hence, the employment of the production process
for the electrophotographlc light-receiving member of
the present invention can settle the problems involved

19 in conventional electrophotographic light—recelv;ng

-members'constituted_of a-Si." In particular, very good
electrical optical'and photoconductive propertles,
'image quallty, runnlng performance and service
env1ronmental propertles can be achieved.

15-_ '."_ The employment of such a llght-recelving member in
electrophotographlc apparatus also makes 1t possible to
provide an electrophotographic apparatus whlch is not
affected by surrounding-environmental variations; may

. cause potential shift_or exposure memory only a 1ittle

'20d enough to be substantially negliglble, and has'very |
dsuperior'potential characteristics and image
characteristics.

Specifying the Eu and DOS as previously described
above specifies,'so to speak( the manner of structural

25 disorder and the number of defects.or imperfections.
This'solves the problems caused by the entrapped

carriers.



charge injection blocking |layer has-a.layer thickness of fromO0.1 pmto 5
pm 15 9. The el ectrophotographic-light-receiving nmenber according to any .
one of clains 1'to 8, wherein the jntensi£%4rat|o of absorption peaks
ascribable to Si-H2 bonds and Si-H bonds atned fromlight absorption 20
spectra of said photoconductive layer is fromO0.1 to 0.5. 10. The

el ect rophot ographic |ight-receiving nenber according to claim9, wherein

said 25 . photoconductive | ayer cOhtalns at Ieast one of Group Illb of the
periodic table elenﬁ ﬁielecg:ed f.rom t I.n or TI and Group Vb of .
the periodic table eFefehts t°188Y. eﬁ&ﬁﬁﬁ?qrﬁﬂﬁqg QD agp Ke g 11

The eleCtrODhOEBQESQQFStEEg di%i &lg%dngﬁwlr a éﬁg& claln19 or 10,

wherein said 5 ocon Pove ayer RS r%on,
oxygen and ni tﬁaaegis%f the sgsgtaa%p& LAGARR.C "ght-fece' vi “9 enber
according to any one of clains - said light-receiving
.layer conprises a photoconductive layer fornmed of a non-nonocrystalline
material mainly conposed of a silicon atom and a surface | ayer provided on
- sai d photoconductive layer. and formed of a silicon type non- nnnocrystalllne '
mat eri al contalnlng at



15 | east one of carbon, 'oxygen and nitrogen. -13. The electrophotographlc
| i ght-receiving nmenber accordlng to any one of clains 9 tTo 1, wherern—satd

l'ight-receiving |ayer conprises a charge injection 20
fornmed of a non-nmonocrystalline materiat 1Sty corrposepll m, mﬂl am
and contai ning at |east one of carbon, oxygen and nitroger an

of Goup Illb of the periodic table elenent selected fromB, A, Ga In or
Tl and. G oup Vb of the 25 periodic table el enent selected fron1P ‘As, Sb

or Bi, a photoconductive |ayer provided on said charge injection blocking
| ayer andfornﬂﬂbﬂﬁﬁkﬁiﬁ&a&@tal'llne - - 189 - material mainly’
Shotoganduct | ve 553?‘ AP (AR CARE AR (LR deqqfaﬁﬁefé)‘ée%th?ae
The el act r ophot G #ﬁ%ﬁao"n DG RETE S A TR S o
0" ﬁ%h%éﬂla“%% [aerpﬁféﬁo%‘io@‘?ﬂfﬁ?%e%&’%p?%ogr K *“'Ck”ess o

light-recgivin 1{8?‘[3%% ﬁﬁT'c'g'{ n
said surf?ce Ig) as a ayer‘g’?'h ﬁnessq.ﬂft?{r %ﬁd(ﬁstllé’é %%?%@%Igdm 16.
The eleCtr(“”““fH¥ﬁHH“df|d§HBnIﬁﬁﬁﬂdH§§kalline material mainly’

composed of a silicon atom and’ contalnlng at least one

_ of.a hydrogen.atom and a halogen'atom; wherein said
photqdonductive layer contains from 10 atomic % to 30
10 atemic;% of'hydrogen, the characterietic energy of
_exponential tail obtained'frbmllight absOrption speetfa
at.light—incident pertions at least of the |
'photocOnductive leyer is from 50'meV to 60 meV, and the
den31ty of states of locallzatlon in the |
15 photoconductlve layer is from 1 x 10 cm™ to

1 x 10* cm™3.

2. The electrophotographie light-receiving member
aecording to claim 1, wherein said photoconductive |
20 ° layer contains at least one of Group IIIb of the
periodic table element seleeted from B, Al, Ge, In br
‘T1 and Group Vb éf the periodic tablelelement seleeted :

from P, As, Sb or Bi.

25 3. The electrophdtographic'lightereceivihg'member
‘according to claim 1 or 2, wherein said photoconductive

layer contains at least bne_of carbon, oxygen and



menber according.to any one of clains 13 to 15, wherein said charge
i njection blocking |ayer has a | ayer 20 t hi ckness of from 0.1 pmto 5
[err]m 17. The el ectrophotographic light-receiving menber according to any
one of claims 1 to 16, wherein said charaetagésti c ener gimun “Iﬁl“ﬂr“ll"”“l
exponential tail and 25 sai d density of states of l.oc
changed in the |ayer.thickness direction. - 190 -. 18.
el ect rophot ographic. | i ght-recei ving nenber according to cJa|n117, wherein -
sai.d characteristic energy at the exponential tail and said density of
states of |ocal i Zatt®Pgennti nuously increase 5 fromthe support side
toward the surface side. 19. The el ectrophotographic |ight-receiving nenber
according to claim 17, wherein sald characteristic energy at the
exponential tail and said 10 1S|t of st IocallzatL

s Lo

continUoust'decrease ronTPﬁeeéﬁﬁgﬁ?P QFogrs ﬁ??%%%lggd@emgﬁr
Al | ect hot h d
Spport and a1 ghEELLrd: g G867 ShdTGEr gﬁ%%'“%gf'?{%h { BRERED ] SRUES, o

h t d
of1on 19 2 Dt oo P LILLYL v 108 TR0, SO £00 K (pHEoURRALL 20 10LUF
containing at | cagbrpee OF & HYNLAGKROCALSRAEDEha :ﬁ@t@ﬂfal%amwherel n-the

20 tenperature -dependence of charge Pperfornance in said
composed of a 3111con atom, and a surface layer

provided on said photoconductlve layer and formed of a
silicon type non4monocrystalline material containing at

10 least one of carbon, oxygen and nitrogen.

5.. The electrophbtographic light-receiving'mémber
.acdordlng to any one of claims 1 to 3, whereln said
llght rece1v1ng layer comprises a charge 1nJect10n
15 : blocking layer_formed qf a non-monocrystalline material
mainly cdmposed of a silicon atom and containing at
least one of darbon, oxygen and nitrogen and at least
one of Group IIIb of'the periodic table element
selected from B, Al, Ga, In or Tl and Group Vb of #he3
20 _'periodic table element selected from P, As, Sb or.Bi, a
phofoconductive'laYer provided on said charge injection
bldcking layer and formed of a non—monbcryétalline -
material mainly composed of a silicon.atom; and a
nusurface 1ayér pro&ided on said phbtoconductivé layer
25 éﬁd formed of a silicon type non-ﬁonocrystalline
material.containing at least one of carbon, oxygen and

nitrogen.



Iight?receiving | ayer is within [err] 2 \Udégree 21. The
el ectrophot ographic |ight-receiving nenber according to claim?20
the tenperature 25 ‘dependence of charge performance in said

light-receiving layer is within [err] 2 W d@sgree, the 61"“1;““ m“ M\
said light-receiving layer is 10 V 191 or less, and al

shift in continuous charging is wthin 10 V. 22._ The: el*ect‘ro ho?ographlc
|l ight-receiving 5 menber accordirg to claim20 or 21, mhereln sai d

phot oconduct i ve | ayer contains_at |east one of Goup Il1b of t he perlodlc
tabl e el ement sel ect efl- fr$hﬁBelﬁptreﬁhoﬁﬁg§ﬁphFcahHQEFOEECQBVéFQtW@mber
periodic table el enment selected fromP Sb or Bi_ 10 23.  The

electrophotograpﬂ?GOFF iRe- F@c@PV|ngnﬁﬁbgﬁaéﬁﬁoFdFﬂgstowgﬁyeéﬁeséPdclalns
20 to 22, mherel 88 %cond ctive. | aye conta%ﬁ g eas% % i

carbon, oxygen aB FE1YS ﬂyefhgaﬁlﬁc}Fgﬁﬁo yFapRfe OPe@Q'V|ng
nmenmber accordlngIIJ gn§ ne. of-clainms 20 to 23, wherein said :
| i ght-receiving 5 onBrlses a phot.oconductive |ayer formed of a . :
non- NDNOCT Y, talllne material mainly 20 conposed of a silicon atom and a
surface Iayer prOV|ded on sai d photoconductive layer and formed of a

7. The electrophotographlc light-receiv1ng member
-eccording to any one of claims 4 to 6, wherein said.
- surface layer has a layer thickness of frdm'OFOIme to
| s um-_ : .
10 | | |
8. The'electfophotograéhic light-receiving'menber
according to any one of clalms 5 to 7 wherein said
charge 1n3ect10n blocking layer has a 1ayer thickness
of from 0.1 pm to 5 pm. |
9. The”electrophotdgranhic'light-receiving member
acdording to any oneaof claims 1 tp 8,Uwherein the |
intensity'ratlo of absorption peaks ascribable to Si-H,
. bonds and Si-H bonds obtained from light absorption
.20 . spectra of said photoconductive lajer is from.O;l to

0.5.

10. The electrophotographic light-receiving
member according to claim 9, wherein said o
25 'photoconductlve layer contalns at least one of Group
I1Iib of the periodic table element-selected from B, Al,

Ga, In or Tl and Group Vb of the periodic table element



silicon type non-nonocrystalline nmaterial containing at |east one of
carbon, oxygen and nitrogen. 25 . 25. The e

ecfrophe%egﬁaﬁhke——~
I|ght-rece|V|ng menber according to any one of clai
said |ight-receiving | ayer conprises a chak@f wnjecgj Il ﬂ yer
formed of a non- nDnocrystalllne material. mainly co at om

and contai ning at | east one of carban, oxygen and nltrogen and at Ieast one

of G oup I1lb of the periodic table el enent 5 selected fromB, A, G,
In or Tl and G ou V? f the periodi tabl .el enent selected fromP, As, Sb
or Bi, a photocﬁﬁ@ﬁg e frQPeF - pP5V|§@U %n §a|d charge injection bl ocking
| -ayer. and forned of a non-nonocrystalline material mainly conposed of a
silicon atom and a 10 . surface |layer provided on sai d photoconductive

“layer and fornmed of lellbﬁgne&g %r%?ﬂo 59%b§§bahkbﬁ% gg%g&b$hgcontalnlng

at | east one of ‘carbon, oxygen an trog

el ect r ophot ogr apinpek sEbo&a&ﬁthtagdi%meb 3:C90di RekiANKag@e Of clains
20 to 25, wherein said photoconductive |ayer has a layer thickness of from

20 [err] mgo 50ph8tbbBhddltive laye#’conthiens! 8 %tléBBQtaﬁéabﬁléarbon,.
“light-receiving nmenber according to any one of clainms 24 to 26, wherein

sai d surface | aggygbasandl ajeroginckness of from0.01 [err]mto 3 [err]m
25 .~ 28." The eIecterhotographlc | i ght -receiving
.12. The electrophotographic light-receiving.
member according to any one of claims.g to 1;, wherein:
10 said light-receiﬁing layef comprises a photocondﬁctive-'
iayer formed of a non-monocrystalline material'méinly
compoéed of'a silicon atom, and'a sﬁrface.laYef.'
- prov;ded.on said photoconductive layer and formed of a
silicon type non—monocrystalline material COntaining'at

15 . least one of‘carbon, oxygen aﬁd nitrogeh.

13. The electrophotogfaphic'light—receiving
member according to any.one of claims 9 to 11, wherein
'said light-receiving laYér cémprises.a charge injectidn
20 blocking layer formed of a non-monocrystalline material
 main1y composed of a silicon atom and containing at
least one of carbon, oxfgen and nitrogen and at least
one of Group IIIb of the periodic table element |
selected ffoﬁ B, Al,_Ga, in or Tl and Group_Vb of thé
.25 - periodic table elément selected from P; As,'éb.or Bi,
photoéonductive.laYer provided on said chatge injection

blocking layer and formed of a non-monocrystalline



menber according to any one of clains 25 to 27, wherein said charge
i njection blocking |ayer has a | ayer -193- "t hi ckne
to 5 [err]m 29. A process for producing an electrophoto rap

| i ght -receiving menber conprising a 5 eob88Acti ve su m “lﬂ“llll““l
li ght-receiving | ayer having a photoconductive |ayer s

phot oconductivity, fornmed on said conductive support and forned of a
non- nonocrystal line material mainly composed of a silicon atom and
cont ai ni ng at Ieast one of axﬁé?rogen 10 atomand a halogen atom

wherein sai d prod@te resmRaRed IRE fhtiddstu @t 18R vhi l e
controlling a disch SO as o be A contr I ng the
flow rate of a g&% F}Tﬁlf?g“ a9 d s ?ﬁl‘gpﬁ?ﬂf‘?qqrﬁf t:‘t‘f?eofrﬁ?ﬁ’gd
tabl e el ement 15 |.ect rom, I n.or Tl Q4 Vb of the
periodic table elaé’t%ﬁf icqge cf-sm A'sypesﬁmd}'“?noc XPISt B A x C ppm

where A represen 210t f

dilute gas, B re%‘r%esri%'ts adadcr%)érgslt&ai% 49#%%1%%(%(&0%6&%0%&9%&

represents g conglidilogidnfroms x 10[err] to 5 x 10[err], to thereby afford

a tenperature dependence of- charge performance in said photoconductive .

| ayer, within [err] 2 V/degree. 25 30. The process for producing

an electrophotographlc | i ght-recei ving nmenber according to ;
14. The electrophotographlc llght-rece1v1ng

m

member according to any one of claims 9 to 13, wherein
said photoconductive layer has a'layer thickness of

10  from 20 um to SO pm.

15. The electrophotographlc light—receiving
member accordlng to. any one of claims 12 to 14, whereln
said surface layer has a 1ayer thlckness of from 0.01

15 pm to 3 um.

16. The electrophotographic light-receiving
member according to any one of claims 13 to 15, wherein
said charge injection blocking layer has a layer

20 .fhiCkness of from 0.1 pm to 5 pm.

17. The electrophotographic light-receiving
membér according to.any one of cléims 1 to 16, whefein
said characteristic.energy'at'the exponential tail and

.25. éaidldensity of states of localizatidn are chénged in

the layer thiékhess direction.



claim 29, wherein the dilute gas used to formsaid -194- |ight-receiving
| ayer conprises H2 gas and/or He gas introduced alone or in the formof a
m xture. 31. The process for producing an 5 el ectroph

| i ght -receiving member according to clai m2390wherein -at ﬂlmmnﬂmluﬂllgmes
containing at | east one of Goup Illb of the periodic tabFe €l enent s
selected fromB, Al, Ga, In or Tl and Group Vb of the periodic table
el-ement sel ected fron1P As, ‘Sb or Bi is 10 i nt roduced when said
photoconducti-ve | ayer is forned 32 The process for producing an . -

el ect r ophot ogr aphi ¢’ I|b%t-rgkﬁl94ﬂ§tEEHB€F°SE%BPH?nblg taﬁ?°%h¥169 cl ai s

29 to .31, wherein a gas or -gases 15 | east .one of carbon,
oxygen and ni t r oJeRWPLY sREC ﬁ@%ﬁ%ut%dcﬁ?gﬂef%r &ﬁ f%%nf%?h4of a mxture

wh d ph | a f d
207" %8l ecbr ophoraapeanrert FERE. ceERTRE o P DB PERR CoH 0T RpACHEEY "
claim 29 1052, 4lSLeLD 68! Seligl! o SHELYI Rl AT BRSSP sncroase

phot oconducti ve layer ried Of "a NON-NDNOCTYS ine materral” main
conposed of @ siliLon ShOMEufPEre SYAEAEEwhRY CEneSsursREQVELgd. On sai d
photoconducﬁ?ve | ayer andn%%rned o? ax savécon type non-nonocrystalline
material containing at |east one of carbon, oxygen and nitrogen.

19. The electrophotographic 1ight—receiving
member aceording to claim_l?, wherein said -
.characteristic energy at the expenential tail and said

10 .dehsity of states_bf localization cenriﬁuoqsly'decrease

from the support side toward the surface side.

1:20' An electrophotographic'lighf-reeeiving member
comprising a cqnduCtive support and a light-receiving
15 1ayer having a'photdcenductive layer showing a
photocenductivify; formed on said conductive support
and formed ef a non-monocrystalline material mainly-
'comﬁosed of-a silicon atom.and containing at least one
-of a hydrogen atom and a halogen-atom; wherein'the'
20 temperatﬁre dependence of charge performance in said

light-receiving layer is within + 2'V/degree.'

_21_ The electrOphotographic light-recei&ing
‘member according to elaim 20, wherein the temperature
25 .dependence of charge. performance in said
light- rece1v1ng layer is within % 2 V/degree, the

exbosure memory in said light-receiving layer is 10 V



- 195 - 34. The process for producing an el ectrophot ographi '
l'i ght -recei ving menber according to any one of clains 29 to 32, wherein

said light-receiving | ayer conprises a charge injection 5 ”w'lmmfmmm'% K
formed of a non-nonocrystalline material ralally-conposed of 4 n”
and - containing at |east one of carbon, oxygen and nitrogen and at" | dast® one
of Goup Illb of the periodic table elenent selected fromB, A, Ga, In or

Tl and Goup VWb of the 10  periodic table elenent selected fromP. As, Sb
or Bi,-a photoconductive |ayer provided on said charge injection blocking

| ayer and formed @37 keston-ansthodie sharge okentiad shift i Gpciruens o
silicon atom and a surface l-ayer provided on said photoconductive |ayer 15
and formed of a $NAXHNG e WehIBIYNalline material containing at

| east one of carbon, oxygen and nitrogen. 35. . The process for producing an
20 el ectrophot ographic Iight-receiving nenber according to any one of

Chi ckness of from 20 (7] A% SPTERTHTcosfertie 1iche ¥R uhd V7,
e or ol ar s 55 HeBRH QUM A ULILE A 90 E e EP dHAD 10 A
. , _ Sur yer | o
o photoconductive layer contains at least one of Group. -
IIIb of the peribdic table elément selecfed.frOm.B,jAl,
Ga} In or Tl and Grouprb_df-the periodic table'elemeﬁf
selected from P, As, Sb or Bi. '
10 B
23. The electrophotographic light-receiving
member.aécording tq any one of dlaims_ZO fo 22, wherein-
saidﬂphotocénductive léyer contains. at least one of
cérbon, oxygen épd nitrogén.
15 - -
24. The eiectrophotograpﬁic light-receiving
" member accérding fo.anylone-of claims 20 to 23, wherein
said light-receiving layer comprises a photoconductive
layer formed of a non;monoérystalliﬁe material mainly
- 20 'coﬁposed of a silicon atom, and a éurféce layer
provided on said photoéonductive léyer and_formed'of a
silicon fype-non-monocrystalline material containing at

least one of carbon, oxygen and nitrogén.

- 25 ' 25. The eiectrophotographic'light-receiving
member according to any one of claims 20 to 23, wherein

'said light-receiving layer comprises a charge injection



- 196 - is forned in a layer thickness of fromO0.01 [errfmto 3 [ehf}m
37. The process for producing an el ectrophot ographic IighL;LQQEL!Lﬂg‘ﬂgggﬁi_
according to 5 any one of claims 34 to 36, wherein said charge injec

e e T A T

tblocking layer.formed of a'non—monocrystalline matefial
mainly cbmpoeed of a silicon atom and containing at |
least one of carbon oxygen and nitrogen’and'atlieast.
one of Group IIIb of the periodic table element

5 | selected from B, Al, Ga In or Tl and Group Vb of the
periodic table element selected from P( As, Sb or Bi,'a
:photoconductivellaYer provided on said charge injection
~blocking layer and formed of a non-monoctyStalline |
material mainly composed of a silicon atom, and a

-10 . surface layer provided_on said photoconductive layer

| _and formed of a silicon type non—monocrystalline

material containing. at least one of carbon, oxygen and

. nitrogen.

15 . | 26. The electrophotographic 1ight-redeiving;
member according to any one of claims 20 to 25, wherein
said photoconductive layer has a leYer thickness of

from 20 pm to 50 um.

20 27. The electrophotographic'light-receiﬁing
: _member acco:diné to any one of claims 24 to 26, wherein
said surface leyer‘has a layer thickness of from 0.0l

pm to 3 pm.

25 28. The electrophotographic light-receiving
‘member according to any one of claims 25 to 27, wherein

seid charge injection blocking layer has a layer
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thickness of from 0.1 um to 5 pm.

29. A process for producing an
electrophotographic light-receiﬁing member comprising a
conductive support and a light-receiving layer having a

photoconductive layer showing a'photoconductivity,'

formed on said_conductive support and formed of a

non-monocrystalline material mainly composed of'a
silicon atom and containing at leasf one of a hydrogen
atom and'a halogen atom;.wherein said process |
comprising forming the photoconductive layer while'
controlling a discharge power so as to be A x B watt,
and controlling the flow rate of a gas containing at

least one of Group IIIb of the periodic table element

. selected from B,'Al, Ga, In or Tl and Group Vb of the

' periodic table element selected from P, As, Sb or Bi so

as to be A x C ppm, where A'represents tne total of the
flow rates of a materiel_gas and a dilute gas, B
represents-a_constant of from 0.2 to 0.7 and C
represents a constant of from 5 x 10" to 5 x 1073, to
thereby afford a'temperatnre dependence of charge
performance in said photoconductive layer, within

.2 V/degree.

30. The process for producing an

electrophotographic light-receiving member according to

claim 29, wherein the dilute gas used.to form said



10

15.

20

25

s

light-receiving layer comprises H, gas and/or He gas

introduced alone or in ‘the form of a mixture.

31. The process for producing an

' electrophofographic light-receiving member according to.

claim 29, wherein at leaét one of gases containing at
least one of Group IIIb.of:the periodic fable element
seledted from B, Al, Ga, In or Tl and Group Vb of the
periodic.table element selected from P, As, Sb or Bi is

introduced when said phqtoconducfive layer is formed.

32. The process for producing an
electrophotographic light-receiving member according to
any one of claims 29 to 31, wherein a gas or gases

containing at least one of carbon, oxygen and nitrogen

is/are introduced alone or in the form of a mixture

when said photoconductive layer is formed.

33. .The.process.for producing an
electrqphotographic light-receiving member according to
any one of claims 29 to 32, wherein said | |
light—receiving layer comprises a photoconductije,layef
formed'of a hon-monocrystailiné material mainly
composed of a silicon atom, and a surface iayer'

provided on said photoconductive layer and'formed of ax

- silicon type non-monocrystalline material containing at

least one of carbon, oxygen and nitrogen.
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34. The process for producing an
electrqphofbgraphic light-receiving member éccording to

any one of claims 29 to 32,-whetein said

.1ight-receiving layer comprises a charge injection

blocking layer formed of a non-monocrystalline material
mainly composed of a silicon atom and containing.at'

least one of carbon, bxygen and nitrogen and at least

one of Group IIIb of the periodic table element

-selected from-B, Al, Ga, Inor T1 and Group Vb of the

periodic table élemeht selected.froﬁ P, As, Sb or Bi, a
photoconductive 1a§er provided bn'éaid_charge injecfion_
blocking layer and formed of a nbn-monocrystalline
mate{ial-méinly composed of a silicon atom, and a
surface laYQr provided on said photoconductive layer
and formed of a silicoh type non-monocrystalline
material'containing at least one of carbon, oxygen and

nitrogen.

35. The process for producing an
eleCtrophotographic light-receiving member accofding to
any one of claims 29 to 34, whe:ein saiad
photoconductive layer is formed in a layer thicknéss of

from 20 ym to 50 pm.

36. The process for producing an
electrophotographic'light-feceiving member according to

any one of claims 33 to 35, wherein_said surface layer
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is formed in a layer thickness of from 0.01 pm to 3 pm.

37. The proceés for producing an.
electrophotog#aphic light-receiving membef acgording to
any one of.claiﬁs 34 to 36, whereiﬁ'said_charge
.injeétion blocking layer is formed in a layer thickness

of from 0.1 pm to 5 pm.



