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atoms, carbon atoms and halogen atoms. '

For the conventional light receiving members comprising a-Si materials, there have been made
improvements in their optical, electric and photoconductive characteristics such as dark resistance,
photosensitivity, and photoresponsiveness, use-environmental charactenstlcs, economic stability and dura-

35 Dbility.

However, there are still left subjects to make further improvements in their characteristics in the
synthesis situation in order to make such light receiving member practically usable.

For example, in the case where such conventional light receiving member is employed in the light
receiving member for use in electrophotography with aiming at heightening the photosensitivity and dark

40 resistance, there are often observed a residual voitage in the conventional light receiving member upon the
use, and when it is repeatedly used for a long period of time, fatigues due to the repeated use will be
accumulated to cause the so-called ghost phenomena inviting residual images.

Further, in the preparation of the light receiving layer of the conventional light receiving member for use
in electrophotography using an a-Si material, hydrogen atoms, halogen atoms such as fluorine atoms or

45 chlorine atoms, elements for controlling the electrical conduction type such as boron atoms or phosphorus
atoms, or other kinds of atoms for improving the characteristics are selectively incorporated in the light
receiving layer.

However, the resulting light receiving layer sometimes becomes accompanied with defects on the
electrical characteristics, photoconductive characteristics and/or breakdown voltage according to the way of

so the incorporation of said constituents fo be employed.

That is, in the case of using the light receiving member having such light receiving layer, the life of a
photocarrier generated in the layer with the irradiation of light is not sufficient, the inhibition of a charge
injoction from the side of the substrate in a dark layer region is not sufficiently carried out, and image
defects likely due to a local breakdown phenomenon which is so-called "white oval marks on half-tone

s5 copies” or other image defects likely due to abrasion upon using a blade for the cleaning which is so-called
"white line" are apt to appear on the transferred images on a paper sheet.

Further in the case where the above light receiving member is used in a much moister atmosphere, or

in the case where after being placed in that atmosphere it is used, the so-called "image-flow" sometimes



an anor phous silicon photoconductive nmenber suitable for use in

el ect rophot ogr aphy whi ch conpri sER0249382 Bdaxi | i ary | ayer, a charge
injectjon inhibition layer, 'a first layer exhibiting conductivity and a
second | ayer bej n%ﬁdl sposed i n th| s order on a substrate, wherein said

auxi |l i ariP 13

t t i

atoms as_t ﬁﬁ% "t %fvﬁw 1% kﬁ"f'? rrg ﬁ_l;’f ‘feg}?gt% al g:@ g}ablé‘ilel?glﬂ
ISInJI 'egé:’lovﬁ-ﬁ ﬂh {eChinichl wnh gﬂﬁh %f;‘rﬁﬁ on §r@er gnt réacelvm nter?i erll'I {]/gof
t he Perlég brms[g;gi eetho%ot req gg &Ll ng o an a Eﬂ rt?sl IrPrater al

contai ni ngo elgdt &Bﬂra&ﬁ&%un%ﬁ.eﬁt 6r tﬂ@h ht Yeceidftf ayeét ofl arP @E&J&&uo'to@ééﬁﬁnc ﬁu%g drSting
of an am@%s.mﬁama cticRNdptan Aa%Phéth oh&ﬁﬂe% bFfes shidMhySbPitheralydtabig| 0OEN
at oms. AR nbipérARY B teOdpBlationbICHEuntsBii6s Vihil Ghe TBYEP SHobld &8 18istan 19 GptitaiThtigue,
mat er joal Gsistdnb & Begeitfon PO rdpBAl 5P B@MS BYisturd Pesisli dnd QRbUIE Buthibit Hoedt LiieC and
phot ocongsidikl veRags.thb A& Riydr Hbde So BIMTACIED bIRT s tHeaGbsirhta BE @hicHRO lagss & Eidpbdedi t Y,
and photmmbetwpannsicly Ry Within d @ity it 'sBouRESet dbhseCdna sawtuedlly Sthble and of Gigh quEliny. In
st abi | i tiye alecrifidation-prodéss forl foiming dtimimestatic latdnh éagesathe asl ildybr shedid eshillit sutitientt O
nmake f urdhirge-relaining propertievtand pxvellehiedlactrarhalgiaphis chasadtapistics. The ki lsyen sttvald ingt give
si t uatsi oise tmimegeidafectsoor fradoe flowiinhd feguiting pbysisaliinaggs oe Abener phestcavércafiet spraatedbl e.
For exaryse ever pipng Reriod gktimani ghasidiye highlp reselyedivisiblglimadeg with ql@@éhﬂ}frt whichiyer i s
enpl oyed! igh gensity gnd qeality e theiacdi [qyer saviddyaverhigh phatesensifivibl. bigh $’U|6ﬁ'6ta aB'HQBYW th
ai mng W ireehighpleckieal ¥Bessensi ti vity and dark 4o r esi stance t here
ake, of t en BoYEs 1B Profuse- & "& a'Fcek)’B‘Pt'H of r‘i’h’%'hé“e@ﬁ 'E‘q"?) irgrm R'fl ng
menbef® UBGEEIBREES f:{{ hq & Eg o Bl aée e

B P &'m r f? f%z mm. e

or,is for
tine, tﬁeﬁ Soms- 12 Bdjusted to Withi
eabove

)
cocal g eenk nqce[n@  bitrs i 05 St Sl o
pr epar atrh ong e convent I ona
recei yi ng H&Bg Bﬁ ﬁ pHa§&1t .rﬂe:ﬁ @B.To &Q@ﬁ QFeESIhé/g MYl 16 s m%ieé?@ﬁh%{;
hydr 0genoahiing: gHPfebdRingakyeF BonStutdhobyCd righ mc%orrs
el enent Siisifon tyst 4 atokdcn{au&.b&awr %M élﬁade @@mﬁu Chdrg¥ InbABIEInSbIROR 138 dMp@¥hgat OB
or phos FH&CH’MbﬁJh&IsQ%naKHonﬁhlh@ Bilideh B@dfs @$ thd InfliiBcohQifuchtBlMRY ar@erhdiEfor controiling
char act ené sbridacivig SndStl 18at iokee oty hydhspen pRMataAd Haldgénhatonhs, GHRL photoconductive layer
\_/ 30 comprising an amorphous material containing silicon atoms as the main constituent atoms and at least one
of hydrogen atoms and halogen atoms and the surface layer comprising an amorphous material containing
silicon atoms, carbon atoms and hydrogen atoms, wherein the amount of the hydrogen atoms contained in
the surface layer is in the range of 41 to 70 atomic %. '
it is possible for the light receiving member according to this invention to have an absorption layer for
35 light of long wavelength (hereinafter referred to as "IR layer") being formed of an amorphous material
containing silicon atoms and germanium atoms, and if necessary, at least either hydrogen atoms or halogen
atoms [hereinafier referred to as "A-SiGe (H,X)"] between the substrate and the charge injection inhibition
layer.
it is also possible for the light receiving member according to this invention to have a contact layer
4 formed of an amorphous material containing silicon atoms and at least one-kind selscted from nitrogen
atoms, oxygen atoms and carbon atoms, and if necessary, at least either hydrogen atoms or halogen atoms
[hereinaiter referred to as "A-Si (N,0,C) (HX)"] between the substrate and the IR layer or between the
substrate and the charge injection inhibition layer.
And, the above-mentioned photoconductive layer may contain oxygen atoms or/and nitrogen atoms.
45 The above-mentioned charge injection inhibition layer is so structured that it contains the element for
controlling the conductivity as the layer constifuent either in the state of being distributed uniformly in the
thicknesswise direction or in the state of being distributed largely in the local layer region near the
substrate. Further, the charge injection inhibition layer may contain at least one kind selected from nitrogen
atoms, oxygen atoms and carbon atoms as the constituent atoms either in the state of being distributed
50 uniformly in the thicknesswise direction or in the state of being distributed largely in the local layer region
near the substrate.
The above-mentioned IR layer may contain at least one kind selected from nitrogen atoms, oxygen
atoms, carbon atoms, and an element for controlling the conductivity as the layer constituent.
The light receiving member having the above-mentioned light receiving layer for use in electrophotog-
§6 raphy according to this invention is free from the foregoing probiems on the conventional light receiving
members for use in electrophotography, has a wealth of practically applicable excellent electric, optical and
photoconductive characteristics and is accompanied with an excellent durability and satisfactory use
environmental characteristics.
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vari ou§° eI e(;?"i{ pib (ﬁ 6 % Vi example of the light receiving member for u
togra cordmg to this invention which has a light recelving layer as shown in Figure 1(C)

formed on the substrate having a preferred surface ;
Figures 22 through 23 are schematic explanatory views of a preferred method for preparing the substrate
having the preferred surface used in the light receiving member shown in Figure 21 ;

25 Figure 24 is a schematic explanatory view of a fabrication apparatus for preparing the light receiving

member for use in elecirophotography according to this invention;
Figure 25 and Figure 26 are schematic views respectively illusirating the shape of the surface of the
substrate in the light receiving member in Examples 7, 17 and 28, and Examples 8, 18 and 29;
_ Figure 27 is a view illustrating the thicknesswise distribution of boron atoms and oxygen atoms in the
\_ 30 charge injection inhibition layer in Example 2; and
Figure 28 is a view illustrating the thicknesswise distribution of boron atoms and oxygen atoms in the
charge injection inhibition layer and germanium atoms in IR layer in Example 10 and 20.

Representative embodiments of the light receiving member for use in electrophotography according to
this invention will now be explained more specifically referring to the drawings. The description is not

35 intended to limit the scope of this invention.

Representative light receiving members for use in slectrophotography according to this invention are as
shown in Figure 1(A) through Figure 1(D), in which are shown light receiving layer 100, substrate 101,
charge injection inhibition layer 102, photoconductive layer 103, surface layer 104, free surface 105, IR
layer 106, and contact layer 107.

40 Figure 1(A) is a schematic view illustrating a typical representative layer constitution of this invention, in
which is shown the light receiving member comprising the substrate 101 and the light receiving layer 100
constituted by the charge injection inhibition layer 102, the photoconductive layer 103 and the surface layer
104,

Figure 1(B) is a schematic view illustrating another representative layer constitution of this invention, in

45 which is shown the light receiving member comprising the substrate 101 and the light receiving layer 100
constituted by the IR layer 106, the charge injection inhibition layer 102, the photoconductive layer 103 and
the surface layer 104.

Figure 1(C) is a schematic view illustrating another represntiative layer constitution of this invention, in
which is shown the light receiving member comprising the substrate 101 and the light receiving layer 100

s0 constituted by the contact ltayer 107, the IR layer 106, the charge injection inhibition layer 102, the
photoconductive layer 103 and the surface layer 104.

Figure 1(D) is a schematic view Hlusirating another representative layer constitution of this invention, in
which is shown the light receiving member comprising the substrate 101 and the light receiving layer
constituted by the contact layer 107, the charge injection inhibition layer 102, the photoconductive layer 103

s5 and the surface layer 104.

Now, explanation will be made for the substrate and each constituent layer in the light receiving
member of this invention.
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’ of an appropriate cutting tool, for example, having a V-form bite.

That is, said cutting tool is firstly fixed to the predetermined position of milling machine or lathe, then,
for example, a cylindrical substrate is moved regularly in the predetermined direction while being rotated in
accordance with the predetermined program to thereby obtain a surface-treated cylindrical substrate of a

85 surface having irregularities in reverse V-form with a desirably pitch and depth.

The irregularities thus formed at the surface of the cylindrical substrate form a helical structure along
the center axis of the cylindrical substrate. The helical structure making the reverse V-form irregularities of
the surface of the cylindrical substrate may be double or freble. Or otherwise, it may be of a cross-helical
structure.

40 Further, the irregularities at the surface of the cylindrical substrate may be composed of said helical
structure and a delay line formed along the center axis of the cylindrical substrate. The cross-sectional form
of the convex of the irregularity formed at the substrate surface is in a reverse V-form in order to attain
controlled unevenness of the layer thickness in the minute column for each layer to be formed and secure
desired close bondability and electric contact between the substrate and the layer formed directly thereon.

45 And it is desirable for the reverse V-form to be an equilateral triangle, right-angled triangle or
inequilateral triangle. Among these triangle forms, equilateral triangle form and right-angled triangle form are
most preferred.

Each dimension of the irregularities to be formed at the substrate surface under the controlled
conditions is properly determined having a due regard on the following points.

50 That is, firstly, a layer composed of a-Si(H,X) to constitute a light receiving layer is structurally sensitive
to the surface state of the layer to be formed and the layer quality is apt to largely change in accordance
with the surface state. '

Therefore, it is necessary for the dimension of the irregularity to be formed at the substirate surface to
be determined not to invite any decrease in the layer quality of the layer composed of a-Si(H,X).

85 Secondly, should there exist extreme Irregularities on the free surface of the light receiving layer,
cleaning in the cleaning process after the formation of visible images becomes difficult to sufficiently carry
out. In addition, in the case of carrying out the cieaning with a blade, the blade will be soon damaged.
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Ni trogen gbRBPFiorm? e ibrical dimple 2204. A plurality of fine spherical drmples 2204 sach substantially of an
: identical radius of curvature R and of an identical width D can be formed to the substrate surface 2202 by
\_~ 30 causing a plurality of rigid true spheres 2203 substantially of an identical diameter R' to fall from identical
height h simultaneously or sequentially.

Figure 23 shows a typical embodiment of a substrate formed with the uneven shape composed of a
plurality of spherical dimples at the surface as described above.

In the embodiment shown in Figure 23, a plurality of dimples pits 2304 2304 ... substantially of an

95 identical radius of curvature and substantially of an identical width are formed while being closely
overlapped with each other thersby forming an uneven shape regularly by causing to fall a plurality of
spheres 2303, 2303, ... regularly and substantially from an identical height to different positions at the
surface 2302 of the support 2301. In this ‘case, it is naturally required for forming the dimples 2304, 2304 ...
overlapped with each other that the spheres 2303, 2303 ... are graviationally dropped such that the times of

40 collision of the respective spheres 2303 to the support 2302 and displaced from each other.

By the way, the radius of curvature R and the width D of the uneven shape formed by the spherical
dimples at the substrate surface of the light receiving member for use in electrophotography according to
this invention constitute an important factor for effectively attaining the advantageous effect of preventing
occurrence of the interference fringe in the light receiving member for use in electrophotography according

45 to this invention. The present inventors carried out various experiments and, as a result, found the following
facts.

That is, if the radius of curvature R and the width D satisfy the following equation:

{% °"°a W Sem uo@‘qﬁg Ofrefiba r,ramt,&eofs &A’é T P9 29 g o
osition at a
th§

22 0.035

50 .
0.5 or more Newton rings due to the sharing interference are present in each of the dimples. Further, if they
satisfy the following equation: .

R 2 0.055
] _
one or more Newton rings due to the sharing interference are present in each of the dimples.
From the foregoing, it is preferred that the ratio D/R is greater than 0.035 and, preferably, greater than
0.055 for dispersing the interference fringes resulted throughout the light receiving member in each of the
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- they may be distributed elther uniformly m e entire layer region“or unevenly in the irection toward its
layer thickness. :

In the light receiving member of this invention, the amount of nitrogen atoms, oxygen atoms, or carbon

25 atoms to be incorporated in the contact layer is properly determined according to. use purposes.

it is preferably 5 x 10™* to 7 x 10 atomic %, more preferably 1 x 1072 to § x 10 atomic %, and, most
preferably, 2 x 1073 {o 3 x 10 atomic %.

For the thickness of the contact layer, it is properly determined having a due regard to its bondability,

charge transporting efficiency, and also to its producibility.
\_/ 30 It is preferably 1 x 10~2to 1 x 10 wm, and, most preferably, 2 x 1072 to 5 um.

As for the hydrogen atoms and halogen atoms to-be optionally incorporated in the contact layer, the
amount of hydrogen atoms or halogen atoms, or the sum of the amount of hydrogen atoms and the amount
of halogen atoms in the contact layer Is preferably 1 x 10~ to 7 x 10 atomic %, more preferably 5 x 10~
to 5 x 10 atomic %, and, most preferably, 1 to 3 x 10 atomic %.

85
IR Layer 106 (or 2106)

In the light receiving member for use in electrophotography of this invention, the IR layer is formed of
A-SiGe (H,X), and it is disposed direcily on the above-mentioned substrate or on the above-mentioned

40 contact layer.

As for the germanium atoms to be contained in the IR layer, they may be distributed uniformly in its
entire layer region or unevenly in the direction toward the layer thickness of its entire layer region.

But in any case, it is necessary for the germanium atoms to be distributed uniformly in the direction
parallel to the surface of the substrate in order to provide the uniformness of the characteristics to be

45 brought out.

(Herein or hereinafter, the uniform distribution means that the distribution of germanium atoms in the
layer is uniform both in the direction parallel to the surface of the substrate and in the thickness direction.
The uneven distribution means that the distribution of germanium atoms in the layer is uniform in the
direction paraliel to the surface of the substrate but is uneven in the thickness direction.)

50 That is, in the case in where the germanium atoms contained unevenly in the direction toward the layer
thickness of its entire layer region, the germanium atoms are incorporated so as to be in the state that
these atoms are more largely distributed in the layer region near the substrate than in the layer apart from
the substrate (namely in the layer region near the free surface of the light receiving layer) or in the state
opposite to the above state.

55 in preferred embodiments, the germanium atoms are contained unevenly in the direction toward the
layer thickness of the entire layer region of the IR layer. '

In one of the preferred embodiments, the germanium atoms are contained in such state that the
distributing concentration of these atoms is changed in the way of being decreased from the layer region
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In the example shown in Figure 5, the distribution concentration G of the germanium atoms is such that
concentration Gz gradually and continuously decreases in the range from position ig and position tr, at

. which it is substantially zero.

KJ 30 In the example shown in Figure 6, the dlstnbutuon concentration C of the germanium atoms is such that
concentration Cs remains constant in the range from position tg to position t3, and conceniration Cs linearly
decreases to concentration Cio in the range from position tz to position #.

In the example shown in Figure 7, the distribution concentration C of the germanium atoms is such that
conceniration C11 linearly decreases in the range from position iz to position ir, at which the concentration

35 is substantially zero.

Several examples of the thicknesswise distribution of germanium atoms in the IR layer are illustrated in
Figures 2 through 7. In the light recsiving member of this invention, the concentration (C) of germaniun
atoms in the IR layer is preferred to be high at the position adjacent to the subsirate and considerably low
at the position adjacent to the interface ty.

40 The thicknesswise distribution of germanium atoms contained in the IR layer is such that the maximum
concentration Cpax of germanium atoms is preferably greater than 1 x 103 atomic ppm, more preferably
greater than 5 x 10® atomic ppm, and most preferably, greater than 1 x 10* atomic ppm based on the total
amount of silicon atoms and germanium atoms.

For the amount of germanium atoms to be contained in the IR layer, it is properly determined according

45 to desired requirements. However, it is preferably 1 to 1 x 10° atomic ppm, more prsferably 102 to 9.5 x
10° atomic ppm, and, most preferably, 5 x 102 to 8 x 10° atomic ppm based on the total amount of silicon
atoms and germanium atoms.

Further, the IR layer may contain at least one kind selected from the element for controlling the
conductivity, nitrogen atoms, oxygen atoms and carbon atoms.

§0 In that case, its amount is preferably 1 x 102 to 4 x 10 atomic %, more preferably 5 x 1072 fo 3 x 10
atomic %, and most preferably 1 x 10~ to 25 atomic %.

As for the element for controlling the conductivity, so-called impurities in the field of the semiconductor
can be mentioned and those usable herein can include atoms belonging to the group lli of the periodic table
that provide p-type conductivity (hereinafier simply referred to as "group lll atoms™) or atoms belonging to

s6 the group V of the periodic table that provide n-type conductivity (hereinafter simply referred to as "group V
atoms"). Specifically, the group Il atoms can include B (boron), Al (aluminum), Ga (gallium), In (indium) and
T! (thallium), B and Ga being particularly preferred. The group V atoms can include P {phosphorus), As
(arsenic), Sb (antimony), and Bi (bismuth), P and Sb being particularly preferred.
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In Flgures 8 through 12, the abscissa represents the distribution concentration C of the group Ill atoms
or group V atoms and the ordinate represents the thickness of the charge injection ihibition layer; and tg
represents the extreme position of the layer adjacent to the substrate and t; represents the other extreme
position of the layer which is away from the substrate.

o 30 The charge injection inhibition layer is formed from the ig side toward the tr side.

Figure 2 shows the first typical example of the thicknesswise distribution of the group lll atoms or group
V atoms in the charge injection inhibition layer. In this example, the group Ill atoms or group V atoms are
distributed such that the concentration C remains constant at a value Gq2z in the range from position tz to
position t., and the conceniration C gradually and continuously decreases from Cis in the range from

35 position & to position tr, where the concentration of the group lll atoms or group V atoms is Cis.

In the example shown in Figure 9, the distribution concentration C of the group Il atoms or group V
atoms contained in the light receiving layer is such that concentration Cis at position tg continuously
decreases to concentration Ci¢ at position tr. _

In the example shown in Figure 10, the distribution conceniration C of the group Ill atoms or group V

40 aloms is such that concentration Ci7 remains constant in the range from position tg to position t3, and
concentration Ci7 linearly decreases to conceniration Gis in the range from position 5 to position tr.

in the example shown in Figure 11, the distribution concentration C of the group il atoms or group V
atoms is such that concentration C1s remains constant in the range from position tg and position t5 and it
linearly decreases from Czo to C21 in the range from position ts to position tr.

45 In the example shown in Figure 12, the distribution concentration C of the group Il atoms or group V
atoms is such that concentration C22 remains constant in the range from position t, and position tr.

In the case where the group lli atoms or group V atoms are contained in the charge injection inhibition
layer in such way that the distribution concentration of the atoms in the direction of the layer thickness is
higher in the layer region near the subsirate, the thicknesswise distribution of the group lil atoms or group V

so atoms is preferred to be made in the way that the maximum concentration of the group Il atoms or group V
atoms is controlled to be preferably greater than 50 atomic ppm, more preferably greater than 80 atomic
ppm, and, most preferably, greater than 102 atomic ppm.

For the amount of the group il atoms or group V atoms to be contained in the charge injection
inhibition layer, it is properly determined according to desired requirements. However, it is preferably 3 x 10

56 10 5 x 10° atomic ppm, more preferably 5 x 10 to 1 x 10* atomic ppm, and, most preferably, 1 x 102 to 5 x
108 atomic ppm.

When at least one kind selected from niirogen atoms, oxygen atoms and carbon atoms is incorporated

in the charge injection inhibition layer, the bondability between the IR layer and the charge injection

10



EP 0 249 302 Bl Substrate 101 The substrate 101 for use in this invention
may either be el ectroconducti ve orER 0248 302BE. The el ectroconductive
support.can i nclude, for exanple, netals such as N Cr, stainless steels,
A, C, M, Au, 5 Nb, Ta, V, Ti, Pt and Pb or the alloys thereof. The

el ectri caF'“F1 itiorh\ayRr #pq {he b§ﬂﬂ§B‘b‘V tbe*&’a‘ﬂ' the, ehagagdniedtion inkikitigeyaver arfd; theyghainconsiietiv s

of synthe aP’CEé%I F‘H VE’EP&Y %«Sét er, e{?m’/l ene, poI ycar bonat e

cel | ul ose a

chl ori de, %eé “Y’ ?r? QTH' g%(s %'rfa‘fﬁ'%*haﬂfde%ﬁss i tthe °§a'9°
referr ed 1

gl ectrocop &&:a ures hro ss "Sg%%?c:: Hi¢ a:g rﬁ’f’ \ t:g" f'?tr @cg'pé ph

din £ sen

d sposed el e«%n, igﬂﬂ h.s.ﬁo% ;yw "é Wibeell ‘i’%ﬁ 3 Lb%s.ﬁon%ﬂhé’ da
b: aneh ty 656! ol

di sposi;pgcn ﬁ]&ﬁorﬁhﬂlgnﬁﬁ‘fay& % froft tﬂe LQd tb did the

Au, 11, Nb, Figire 1% shdws thdfirst tiibal exbRblé bf the thidkreEiRiss %féﬁb.ﬁiim Bf*‘a? o8 Bﬁé‘wﬁﬂd' é&le&t@&' n

filmsuchuas niroféh MERS, ej&yg‘eh aBmst A8 @6 bioMS O tHeCdnrgb tinjectich RRIBIAnOIBYEr.LIR Hlig1e

surface byxaffipppaIsasond kinbistledtéd famDiitrdgeit &tbms; WygemSiom 6Ad, cadbn athigs ar\bistriBied Ni

Au, Cr, Msychlttiat thblzpncéstration, C feimaing Condtant Bt a BalueN:a MEthe tanyddin pasiion Qb bbsition 1,

el ectron bshive capontratibd® giatuathinandgontinuaisly rigcreadésCiram Of. ia el range gromapuisifiant § @

Wi th the wpestah ti eherditbe soncériraiion of hideasidre tkind tseloatasyfropenitaigerasatyms; Oxygbrg atorad, iaad)

such as cydrbancitomsdd Gsbel t-1i ke or plate-1ike shape, which can be properly

det er mi ned defhessamely Hawn indiauepidi e distgbutions cancentraion Crof atipaskbons Windtshlecteshi of

using t henirpagn @omecsyasn ﬁ@"ﬁeﬂ?ﬁéﬁ“’mﬁ Gopteimpetyip the charpe, injegfien iinhibiers layer ipsugpeed

repr oddet Matrongeptration Gra &t pogiien.ts esHAuPYRly depragses Ricancairaiandfee Slposinit. or

cylindri cal ?S‘Pm‘ mplp shown ’Ff@“iehw L §'§b‘6'f’“ F"gﬂgp Gr9 Hg:ﬁb%ﬂ" "i'"§' rxi’effq

entration Czs remains co

itragen a ;gﬁt
determ neaan%? from pOSIthﬂ%a pOSItIO" s an& ggadl‘ﬁ?'y an

becomes substantially zero between ts and tr.

25 In the example shown in Figure 16, the distribution concentration C of at least one kind selected from
nitrogen atoms, oxygen atoms and carbon atoms is such that concentration Cso gradually and continuously
docreases from position tg and becomes substantially zero between tg and ty.

In the example shown in Figure 17, the distribution concentration C of at least one kind selected from
nitrogen atoms, oxygen atoms and carbon atoms is such that concentration Cs; remains constant in the

K/’ 30 range from position tg 1o position ts, and concentration Cs linearly decreases to concentration Caz in the
range from position {5 to position tr.

In the example shown in Figure 18, the distribution concentration C of at least one kind selected from
nitrogen atoms, oxygen atoms and carbon atoms is such that concentration Cas remains constant in the
range from position tg and position tio and it linearly decreases from Cas to Css in the range from position

35 tio to position ty.

in the example shown in Figure 19, the distribution concentration C of at least one kind selected from
nitrogen atoms, oxygen atoms and carbon atoms is such that conceniration Cas remains constant in the
range from position tg and position tr.

In the case where at least one kind selected from nitrogen atoms, oxygen atoms and carbon atoms is

40 contained in the charge injection inhibition layer such that the distribution concentration of these atoms in
the layer is higher in the layer region near the substrate, the thicknesswise distribution of at least one kind
selected from nitrogen atoms, oxygen atoms and carbon atoms is made in such way that the maximum
concentration of at least one kind selected from nitrogen atoms, oxygen atoms and carbon atoms is
controlled to be preferably greater than 5§ x 102 atomic ppm, more preferably, greater than 8 x 10? atomic

45 ppm, and, most preferably, greater than 1 x 10° atomic ppm.

As for the amount of at least one kind selected from nitrogen atoms, oxygen atoms and carbon atoms is
properly determined according to desired requirements. However, it is preferably 1 x 1073 to 50 atomic %,
more preferably, 2 x 10~2 atomic % to 40 atomic %, and, most preferably, 3 x 10~2 to 30 atomic %.

For the thickness of the charge injection inhibition layer, it is preferably 1 x 102 to 10 um, more

50 preferably, 5 x 1072 o 8 um, and, most preferably, 1 x 10~ to 5 um in the viewpoints of bringing about
electrophotographic characteristics and economical effects.

ate Te

con nuously decreases from position ¥ and

Photoconductive Layer 103 {(or 2103)

55 The photoconductive layer 103 (or 2103) is disposed on the substrate 101 (or 2102) as shown in Figure
1 (or Figure 21).
The photoconductive layer is formed of an a-Si(H,X) material or an a-Si(H,X)(O,N) material.

11
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preferably, 1 x 102 to 50 atomic ppm.

In the photoconductive layer, oxygen atoms or/and nitrogen atoms can be incorporated in the range as
long as the characteristics required for that layer is not hindered.

o 30 In the case of incorporating oxygen atoms or/and nitrogen atoms in the entire layer region of the

photoconductive layer, its dark resistance and close bondability with the substrate are improved.

The amount of oxygen atoms or/and nitrogen atoms to be incorporated in the photoconductive layer is
desired to be relatively small not to deteriorate its photoconductivity.

In the case of incorporating nitrogen atoms in the photoconductive layer, its photosensitivity in addition

35 to the above advantages may be improved when nitrogen atoms are contained togsther with boron atoms
therein.

The amount of one kind selected from nitrogen atoms (N), and oxygen atoms (O) or the sum of the
amounts for two kinds of these atoms fo be contained in the photoconductive layer is preferably 5 x 10~* to
30 atomic %, more preferably, 1 x 1072 to 20 atomic %, and, most preferably, 2 x 1072 to 15 atomic %.

40 The amount of the hydrogen atoms (H), the amount of the halogen atoms (H) or the sum of the
amounts for the hydrogen atoms and the halogen atoms (H+X) to be incorporated in the photoconductive
layer is preferably 1 to 40 atomic %, more preferably, 5 to 30 atomic %.

The halogen atom (X) includes, specificaily, fluorine, chlorine, bromine and lodme And among these
halogen atoms, fluorine and chlorine and particularly preferred.

45 The thickness of the photoconductive layer is an important factor in order for the photocarriers
generated by the irradiation of light having desired spectrum characteristics to be effectively transported,
and it is appropriately determined depending upon the desired purpose. '

It is, however, also necessary that the layer thickness be determined in view of relative and organic
relationships in accordance with the amounts of the halogen atoms and hydrogen atoms contained in the

50 layer or the characteristics required in the relationship with the thickness of other layer. Further, it should be
determined also in economical point of view such as productivity or mass productivity. In view of the abovs,
the thickness of the photoconductive layer is preferably 1 to 100 Lm, more preferably, 1 to 80 um, and,
most preferably, 2 to 50 wm.

55 Surface Layer 104 (or 2104)

The surface layer 104 (or 2104) having the free surface 105 (or 2105) is disposed on the photoconduc-
tive layer 103 (or 2103) to attain the objscts chiefly of moisture resistance, deterioration resistance upon
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cortain sensitivity to irradiated light although the elecirical insulative property should be somewhat
decreased.

25 The amount of carbon atoms and the amount of hydrogen atoms respectively to be contained in the
surface layer of the light receiving member for use in electrophotography according to this invention are
important factors as well as the surface layer forming conditions in order to make the surface layer
accompanied with desired characteristics to aitain the objects of this invention.

: The amount of the carbon atoms (C) to be incorporated in the surface layer is preferably 1 x 102 to 80
\_’ 3 atomic %, and, most preforably, 10 to 80 atomic % respectively to the sum of the amount of the silicon
atoms and the amount of the carbon atoms.
The amount of the hydrogen atoms to be incorporated in the surface layer is preferably 41 to 70 atomic
%, more preferably 41 to 65 atomic %, and, most preferably, 45 to 60 atomic % respectively to the sum of
the amount of all the constituent atoms to be incorporated in the surface layer.

35 As long as the amount of the hydrogen atoms to be incorporated in the surface layer lies in the above-
mentioned rangs, any of the resulting light receiving members for use in electrophotography becomes
wealthy in significantly practically applicable characteristics and excels beyond the conventional light
receiving members for use in electrophotography in every viewpoint.

That is, for the conventional light receiving member for use in electrophotography, that is known that

40 when there exist certain defects within the surface layer composed of A-(SiCi-x)y : Hi-y (due to mainly
dangling bonds of silicon atoms and those of carbon atoms) they give undesirable influences to the
electrophotographic characteristics.

For instance, because of such defects there are often invited deterioration in the electrification
characteristics due to charge injection from the side of the free surface, changes in the electrification

45 characteristics due to alterations in the surface structure under certain use environment, for example, high
moisture atmosphere, and appearance of residual images upon repeating use due to that an electric charge
is injected into the surface layer from the photoconductive layer at the time of corona discharge or at the
time of light irradiation fo thereby make the electric charge trapped for the defects within the surface layer.

However, the above defects being present in the surface layer of the conventional light receiving

56 member for use in elsctrophotography which invite various problems as mentioned above can be largely
eliminated by controlling the amount of the hydrogen atoms to be incorporated in the surface layer fo be
more than 41 atomic %, and as a result, the foregoing problems can be almost resolved. In addition, the
resulting light receiving member for uss in slecirophotography has extremely improved advantages
especially in the electric characteristics and the repeating usability at high speed in comparison with the

56 conventional light receiving member for use in electrophotography.

And, the maximum amount of the hydrogen atoms to be incorporated in the surface layer is necessary
to be 70 atomic %. That is, when the amount of the hydrogen atoms exceeds 70 atomic %, the hardness of
the surface layer is undesirably decreased so that the resulting light receiving member becomes such that
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2202 to And, it is preferred that the thicknesses of the photoconductive layer and the surface layer be
) determined so that the ratio of the former versus the latter lies in the range of some hundred times to some
\_~ 30 thousand times.

Specifically, the thickness of the light receiving layer 100 is preferably 3 to 100 um, more preferably 5
to 70 wm, and, most preferably, 5 to 50 um.

Preparation of Layers

The method of forming the light receiving layer 100 of the light receiving member will be now
explained.

Each of the layers o be constitue the light receiving layer of the light receiving member of this
invention is properly prepared by vacuum deposition method utilizing the discharge phenomena such as

40 glow discharging, sputtering and ion plating methods wherein relevant gaseous starting materials are
selectively used. .

These production methods are properly used seleclively depending on the factors such as the
manufacturing conditions, the installation cost required, production scale and properties required for the
light receiving members to be prepared. The glow discharging method or sputtering method is suitable

45 since the control for the condition upon preparing the light receiving members having desired properties are
relatively sasy, and hydrogen atoms, halogen atoms and other atoms can be introduced easily together with
silicon atoms. The glow discharging method and the sputtering method may be used together in one
identical system.

50 Preparation of Photoconductive Layer, Charge Injection Inhibition Layer, and Contact Layer

Basically, when a layer constituted with A-Si(H,X) is formed, for ecample, by the glow discharging
method, gaseous starting material capable of supplying silicon atoms (Si) are introduced together with
gaseous starting material for introducing hydrogen atoms (H) and/or halogen atoms (X) into a deposition

s6 chamber the inside pressure of which can be reduced, glow discharge is generated in the deposition
chamber, and a layer composed of A-Si(H,X) is formed on the surface of a subsirate placed in the
deposition chamber. '
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The amount of the hydrogen atoms (H) and/or the amount of the halogen atoms (X) to be contained in a
layer are adjusted properly by controlling related conditions, for example, the temperature of a substrate,

__ the amount of a gaseous starting material copable of supplying the hydrogen atoms or the halogen atoms
\_/ 30 into the deposition chamber and the electric discharging power.

In the case of forming a layer composed of A-Si(H,X) by the reactive sputtering process, the layer is
formed on the substrate by using an Si target and sputtering the Si target in a plasma atmosphere.

To form said layer by the ion-plating process, the vapor of silicon is allowed to pass through a desired
gas plasma atmosphere. The silicon vapor is produced by heating polycrystal silicon or single crystal

35 silicon held in a boat. The heating is accomplished by resistance heating or electron beam method (E.B.
method).

In either case where the sputtering process or the ion-plating process is employed, the layer may be
incorporated with halogen atoms by introducing one of the above-mentioned gaseous halides or halogen-
containing silicon compounds into The deposition chamber in which a plasma atmosphere of the gas is

40 produced. In the case where the layer is incorporated with hydrogen atoms in accordance with the
sputtering process, a feed gas to liberate hydrogen is introduced into the deposition chamber in which a
plasma atmosphere of the gas is produced. The feed gas to liberate halogen atoms includes the above-
mentioned halogen-containing silicon compounds.

For example, in the case of the reactive sputtering process, the layer composed of A-Si(H,X) is formed

45 on the substrate by using an Si target and by introducing a halogen-atom introducing gas and Hz gas, if
necessary, together with an inert gas such as He or Ar inio the deposition chamber to thereby form a
plasma atmosphere and then sputtering the Si targst.

in order to form a layer constituted with an amorphous material composed of a-Si(H,X) further
incorporated with the group Il atoms or the group V atoms using a glow discharging, sputtering or ion

50 plating process, the starting material for introducing the group [l or group V atoms is used together with the
starting material for forming a-Si(H,X) upon forming the a-Si(H,X) layer while controlling the amount of them
in the layer to be formed.

' For instance, in the case of forming a layer composed of A-Si(H,X) containing the group 1l or group V
atoms, namely A-SiM(H,X) in which M stands for the group Nl or group V atoms, by using the glow

55 discharging, the starting gases material for forming the a-SiM(H,X) are introduced into a deposition chamber
in which a substrate being placed, optionally being mixed with an inert gas such as Ar or He in a
predetermined mixing ratio, and the thus introduced gases are exposed to the action of glow discharge to
thereby cause a gas plasma resulting in forming a layer composed of a-SiM(H,X) on the substrate.
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and, optionally, a gaseous starting material containing hydrogen atoms (H) and/or halogen atoms (X) as the

constituent atoms in a desired mixing ratio, or a mixture of a starting gaseous material containing silicon

\./ atoms (Si) as the constituent aloms and a gaseous starting material containing nitrogen atoms (N) and
20 hydrogen atoms (H) as the constituent atoms also in a desired mixing ratio.

Alternatively, it is also possible to use a mixture of a gaseous starting material containing nitrogen
atoms (N) as the constituent atoms and a gaseous starting material containing silicon atoms (Si). and
hydrogen atoms (H) as the constituent atoms.

The starting material that can be used effectively as the gaseous starting material for introducing the

25 nitrogen atoms (N) used upon forming the layer containing nitrogen atoms can include gaseous or gasifiable
nitrogen, nitrides and nitrogen compounds such as azide compounds comprising N as the constituent
atoms or N and H as the constituent atoms, for example, nitrogen (N2), ammonia (NHs), hydrazine
(H2NNHz), hydrogen azide (HNs} and ammonium azide (NHsN3). In addition, nitrogen halide compounds

__ such as nitrogen trifluoride (FzN) and nitrogen tetrafluoride (FsNz) can also be mentioned in that they can
\_~ a0 also introduce halogen atoms {X) in addition to the introduction of nitrogen atoms (N).

The layer containing nitrogen atoms may be formed through the sputtering process by using a single
crystal or polycrystalline Si wafer of SisNs wafer or a wafer containing Si and SizNs in admixture as a target
and sputtering them in various gas atmospheres.

In the case of using an Si wafer as a target, for instance, a gaseous starting material for introducing

85 nitrogen atoms and, as required, hydrogen atoms and/or halogen atoms is diluted optionally with a dilution
gas, and infroduced into a sputtering deposition chamber o form gas plasmas with these gases and the Si
wafer is spuitered.

Alternatively, Si and SisHs may be used as individual targets or as a single target comprising Si and
SisN: in admixture and then sputtered in the aimosphere of a dilution gas or in a gaseous atmosphere

40 containing at least hydrogen atoms (H) and/or halogen atoms (X) as the constituent atoms as for the
sputtering gas. As the gaseous starting material for introducing nitrogen atoms, those gaseous starting
materials for introducing the nitrogen atoms described previously shown in the example of the glow
discharging can be used as the effective gas also in the case of the sputtering.

In order to form a layer containing carbon atoms using the glow discharging process, the gaseous

45 starting material for introducing carbon atoms is added to the material selected as required from the starting
materials for forming said layer as described above. As the starting material for introducing carbon atoms,
gaseous or gasifiable materials containing carbon atoms as the constituent atoms can be used.

And it is possible to use a mixture of gaseous starting material containing silicon atoms (Si) as the
constituent atoms, gaseous starting material containing carbon atoms (C) as the constituent atoms and,

s0 optionally, gaseous starting material containing hydrogen atoms (H) and/or halogen atoms (X) as the
constituent atoms in a desired mixing ratio, a mixiure of gaseous starting material containing silicon atoms
(Si) as the constituent atoms and gaseous starting material containing carbon atoms (C) and hydrogen
atoms (H) as the constituent atoms also in a desired mixing ratio, or a mixture of gaseous starting material
containing silicon atoms (Si) as the constituent atoms and gaseous starting material comprising silicon

55 atoms (Si) in the glow discharging process as described above.

Those gaseous starting materials that are effectively usable hersin can include gaseous silicon hydrides
containing carbon atoms (C) and hydrogen atoms (H) as the constituent atoms, such as silanes, for
example, SiHs, SizHg, SizHz and SizH1o, as well as those containing carbon atoms (C) and hydrogen atoms
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25 starting materials for forming said layer as described above.

As the starting material for introducing oxygen atoms, most of those gaseous or gasifiable materials
which contain at least oxygen atoms as the constituent atoms.

For instance, it is possible to use a mixiure of a gaseous starting material containing silicon atoms (Si)
as the constituent atoms, a gaseous starting material containing oxygen atoms (O) as the constituent atoms

k./ g0 and, as required, a gaseous starting material containing hydrogen atoms (H) and/or halogen atoms (X) as
the constituent atoms in a desired mixing ratio, a mixture of gaseous starting material containing silicon
atoms (Si) as the constituent atoms and a gaseous starting material containing oxygen atoms (O) and
hydrogen atoms (H) as the constituent atoms in a desired mixing ratio, or a mixture of gaseous starting
material containing silicon atoms (Si) as the constituent atoms and a gaseous starting material containing

35 silicon atoms (Si) oxygen atoms (O) and hydrogen atoms (H) as the constituent atoms.

Further, it is also possible to use a mixture of a gaseous starting material containing silicon atoms (Si)
and hydrogen atoms (H) as the constituent atoms and a gaseous starting material containing oxygen atoms
(O) as the constituent atoms.

Specifically, there can be mentioned, for exampls, oxygen (Oz2), ozone (Os), nitrogen monoxide (NO),

40 nitrogen dioxide (NO2), dinitrogen oxide (N20), dinitrogen trioxide (N20s), dinitrogen tetraoxide (N2Oa),
dinitrogen pentoxide (N20Os), nitrogen trioxide (NO3), lower siloxanes comprising silicon atoms (Si) , oxygen
atoms (O) and hydrogen atoms (H) as the constituent atoms, for example, disiloxane (HsSiOSiHs) and
trisiloxane (HsSiOSiH2 OSiHs), etc.

In the case of forming a layer containing oxygen atoms by way of the sputtering process, it may be

45 carried out by sputtering a single crystal or polycrystalline Si wafer or Si0O, wafer, or a wafer containing Si
and SiOz in admixture is used as a target and sputtered them in various gas atmospheres.

For instance, in the case of using the Si wafer as the target, a gaseous starting material for introducing
oxygen atoms and, optionally, hydrogen atoms and/or halogen atoms is diluted as required with a dilution
gas, introduced into a sputtermg deposition chamber, gas plasmas with these gases are formed and the Si

s0 wafer is sputtered.

Alternatively, sputtering may be carried out in the atmosphere of a dilution gas or in a gas atmosphere
containing at least hydrogen atoms (H) and/or halogen atoms (X) as constituent atoms as a sputtering gas
by using individually Si and SiO2 targets or a single Si and SiO2 mixed target. As the gaseous starting
material for introducing the oxygen atoms, the gaseous starting material for introducing the oxygen atoms

s5 shown in the examples for the glow discharging process as described above can be used as the effective
gas also in the sputtering. '

For the formation of a photoconductive layer a charge injection inhibition layer, or a contact layer of the
light receiving member of this invention by means of the glow discharging process, sputtering process or
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25 gaseous starting material capable of supplymg germanium atoms (Ge), and if ncessary gaseous starting
material for introducing hydrogen atoms (H) and/or halogen atoms (X) into a deposition chamber the insdie
pressure of which can be reduced, glow discharge is generated in the deposition chamber, and a layer
composed of A-SiGe(H,X) is formed on the surface of the substrate placed in the deposition chamber. In

; the case of forming the IR layer composed of A-Si(H,X) containing germanium atoms at uneven distribution

(Y so concentration in the direction of the layer thickness, the layer composed of A-SiGe(H,X) is formed by
controlling the distributing concentration of germanium atoms along with a properly variation cosfficient
curve.

To form the layer of A-SiGe(H,X) by the sputtering process, a single target composed of silicon, or two
targets (the said target and a target composed of germanium), further a single target composed of silicon

35 and germanium is subjected fo sputtering in atmosphere of an inert gas such as He or Ar, and if necessary
gaseous starting material capable of supplying germanium atoms diluted with an inert gas such as He or Ar
and/or gaseous starting material for introducing hydrogen atoms (H) and/or halogen atoms (H) are
introduced into the sputtering deposition chamber thereby forming a plasma atmosphere with the gas. In
the case of forming the IR layer formed of A-Si{H,X) containing germanium atoms at uneven distribution

40 concentration, the target is subjected to sputtering by controlling the gas flow rate of gaseous starting
material capable of supplying germanium atoms along with a properly variation coefficient curve.

To form the layer of A-SiGe(H,X) by the ion-plating process, the layer can be formed in the same
method except that polycrystal silicon, or single crystal silicon and polycrystal germanium or single crystal
silicon are held as a vapor source on a boat, and the vapor source is evaporated by heating. The heating is

45 accomplished by resistance heating method or electron beam method (E.B. method).

In either case, the gaseous starting material for supplying Si can include gaseous or gasifiable silicon
hydrides (silanes) such as SiH:, SizHg, SisHs, SisHio, otc., SiHs and SiHg being particularly preferred in
view of the easy layer forming work and the good efficiency for the supply of Si.

The gaseous starting material for supplying Ge can include gaseous or gasifiable germanium hydrides

50 such as GeMs, GezHs, GesHg, GesHio, GesHiz2, GesHi4, GezHis, GesHiz, and GesHzo, etc., GeHs, GezHs,
and GesHs being particularly preferred in view of the easy layer forming work and the good efficiency for
the supply of Ge.

Further, various halogen compounds can be mentioned as the gaseous starting material for introducing
the halogen atoms and gaseous or gasifiable halogen compounds, for example, gaseous halogen, halides,

55 inter-halogen compounds and halogen-substituted silane derivatives are preferred. Specifically, they can
include halogen gas such as of fluorine, chlorine, bromine, and iodine; inter-halogen compounds such as
BrF, CIF, CIF;, BrF2, BrFa, IF7, ICI, IBr, efc.; and silicon halides such as SiFs, SizHs, SiCls, and SiBrs. The
use of the gaseous or gasifiable silicon halide as described above is particularly advantageous since the IR

18



EP 0 249 302 Bl near the substrate toward the |ayer region near the charge
injection inhibition layer. In thiep gasego2te affinity between the IR | ayer
and the charge injection inhibition becomes excellent. And, as |ater

detail ed, when the distributing concentration of the germaniumatons is
made si gniawfda'ﬂﬁ'!"’?d with frlogem atprmsoniaijngra-§iGe) ran pe darned: Wit notaddifidnal us¢fdhergesasus t he
IR | ayer Badiphpaterqahiossyprlying 9iiwih ihg oesaers sisripe oetera) fonmeelying 8he |i ght of | ong

wavel engt h t'??éffa"?‘u in E‘ﬁﬁasﬁé’f fouming 357 1B fayeyogpsdity Wt"h%" B'E,SdPRRﬁ'é'tq%*é'"'PQane’l n
t he case E‘tdoﬁ“’ T”‘SE‘G'P aa’§ ﬁé’f F‘l"%?1 gendalide gubstange.as fhe

t he occlr rs?'ﬂ r % % ‘@E 23 et W"Erf“?t?’ilﬂ'ré% he
ﬁ;(rjfea;:g ?Fﬁn E r:? ral% Z%?ﬁt‘,'@{}, FTsH, b 9\‘5’1 I

IvQﬁ g tag)re et ethuo?llr:ro
. [o) isch

be cont ai 9 s‘EEJtrXte'Khd a?-fg o%‘e?v%@) éy% asg;}pﬂig %

| ayer wpi teﬁ§ sapwag mraawas bé &d mp'fibd i tri- ut .

ger mani Um at; iR -caddWHRHRing th MySr doRMiRing hé?dbeh SitoM$ by'\Bithed thémﬁu&&me Blokesk @r b eoie
enbodi MeNnpiing! glocsssy teCbo & rheRtidnbld) Baséous (HARIeS BS RdlcySRcdnRiAinG $MéWh doMBounds is intro-

di stri but ugdad W Hheddpbsiioh Clntberdh wlIEH dTBIaSd Anftkshale ohihe ghd 1€ pladidbdlat e represents
t he thi cknessdoh theheasd &t tbrargrihe Ry chrtdinidy HyBRGenSRdMsSby! thee spRitéring Pdcdde Sgabdots Of
t he | R 15 ayteting: enatodd! ror Nofrogeningehydiogenastaniss sucs ab Hz/Tedl Silaseoahe ghrevatiifm hgdride is

t owar d t hintrpaeicted inti tibedepdsition chambéergruwidch2a mdsaastriobphereiof e gdsyppraddcedexanpl e of

t he thi cknesibeigeseods starting) urtatedal insludesh the gaboveemantionedh thalitigs ion hélégen-caRtdiningesilicord n

t hi s exanpédepounstsy nani um atons are distributed such that the concentration C
r'eomi ns condithentexampleg of e fged gas; 'W'@hé‘ﬁ@ﬁgé‘ﬂ*@ﬁ@bﬁﬁﬁ bRl B, (agd Hithilegent he

| R | ayep &dsttuted sileres seahtag SiHzbai Bk, (fiH2ClaiiiGly B"ee“dp%@ft |96frmé[grw rh}l’_‘:‘"d?]ba"time
concent raﬁ‘i‘°5r?s@° F*’at‘ﬁaﬁﬁ %6 %ﬁlﬁ%ﬁ%l Btk

range froﬁﬁ' hg " 'Pﬁ@ 96 ?’Faﬁ"f’gﬁh e} he
ger nani u gas

s i Hﬁ omosnt?\'rmlgg
distri b He §rﬁ g o J | wew lﬁifscg[flﬁ&a 8 éh?ﬂa? %q & rt:pgﬁog?ijp |'°P rties, éa“h b:

mtroduced into the IR layer together with halogen atoms.
The structural introduction of hydrogen atoms into the IR layer can be carried out by introducing, in
addition to these gaseous starting materials, Hz or silicon hydrides such as SiHs, SiHs, SiaHgs, SisHio, otc.
.. into the deposition chamber together with a gaseous or gasifiable germanium containing material for
(N 3o supplying Ge such as germanium hydrides, for example, GeHs, GezHs, GesHs, GesHio, GesHiz, GegHia,
GezHis, GesgHis or GesHzo, and producing a plamsa atmosphere with these gases therein.

The amount of the hydrogen atoms (H) and/or the amount of the halogen atoms (X) to be contained in
the IR layer are adjusted properly by controlling related conditions, for example, the temperature of a
substrate, the amount of a gaseous starting material capable of supplying the hydrogen atoms or the

35 halogen atoms into the deposition chamber and the electric discharging power.

In order to form a layer constitulted with an amorphous material composed of A-SiGe(H,X) further
incorporated with the group 1l atoms or the group V atoms using a glow discharging, sputtering or ion
plating process, the starting material for introducing the group Il or group V atoms is used togsther with the
starting material for forming A-SiGe(H,X) upon forming the A-SiGe(H.X) layer while controlling the amount of

4p them in the layer to be formed.

For instance, in the case of forming a layer composed of A-SiGe(H,X) containing the group Il or group
V atoms, namely A-SiGeM(H,X) in which M stands for the group il or group V atoms, by using the glow
discharging, the starting gases material for forming the A-SiGeM(H,X) are introduced into a deposition
chamber in which a substrate being placed, optionally being mixed with an inert gas such as Ar or He in a

45 predetermined mixing ratio, and the thus introduced gases are exposed fo the action of glow discharge fo
thereby cause a gas plasma resulting in forming a layer composed of A-SiGeM(H,X) on the substrate.

Referring specifically to the boron atom introducing materials as the starting material for introducing the
group 1l atoms, they can include boron hydrides such as BzHs, BsHio, BsHs, BsHi1, BsHio, BsHi2 and
BsHi+ and boron halides such as BFs, BCls and BBrs. In addition, AlCls, CaCls, Ga{CHzs)z, InCls, TICl; and

s0 the like can also be mentioned.

The IR layer constituted by SiGe(HX) may be formed from an amorphous material which further
contains the group lil atoms or group V atoms, nilrogen atoms, oxygen atoms, or carbon atoms may be

~ formed by the glow-discharge process, sputtering process, or ion-plating process. In this case, the above-

mentioned starting material for A-SiGe (H,X) is used in combination with the starting materials to introduce

55 the group lii atoms or group V atoms, or at least one kind selected from nifrogen atoms, oxygen atoms and

carbon atoms, (hereinafter referred to as "atoms (N,0,C)"). The supply of the starting materials should be
properly controlled so that the layer contains a desired amount of the necessary atoms.
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Referring to the starting material for introducing the group V atoms and, specifically, to the phosphorus
. atoms introducing materials, they can include, for example, phosphorus hydrides such as PHz and P2Hg
\_/ %0 and phosphorus halides such as PHsl, PF3, PFs, PCls, PCls, PBrs, PBrs, and Ply. In addition, AsHs, AsFs,
AsCls, AsBrs, AsF3, SbHs, SbFs, SbFs, SbCls, SbCls, BiHs, BiCls, and BiBrs can also be mentioned to as

the effective starting material for introducing the group V atoms.

As mentioned above, the light receiving layer of the light receiving member of this invention is
produced by the glow discharge process or sputtering process. The amount of germanium atoms ; the

35 group lIf atoms or group V atoms; oxygen atoms, carbon atoms, or nitrogon atoms; and hydrogen atoms
and/or halogen atoms in the IR layer is controlled by regulating the flow rate of the starling materials
entering the deposition chamber.

The conditions upon forming the IR layer of the light receiving member of the invention, for example,
the temperature of the support, the gas pressure in the deposition chamber, and the slectric discharging

40 power are imporiant factors for obtaining the light receiving member having desired properties and they are
properly selected while considering the function of the layer to be made. Further, since these layer forming
conditions may be varied depending on the kind and the amount of each of the atoms contained in the IR
layer, the conditions have to be determined also taking the kind or the amount of the atoms to be contained
into consideration.

45 In the case where the layer of A-SiGe(H,X) is to be formed or the layer of A-SiGe(H,X) containing
oxygen atoms, carbon atoms, nitrogen atoms, and the group lli atoms or group V atoms, is to be formed,
the temperature of the support is usually from 50 to 350°C, preferably, from 50 to 300°C, most suitably
100 to 300°C; the gas pressure in the deposition chamber is usually from 0.01 to 5 Torr, preferably, from
0.001 to 3 Torr; most suitably from 0.1 to 1 Torr; and the electrical discharging power is usually from 0.005

so 1o 50 W/icm?2, preferably, from 0.01 to 30 W/cm?2, most preferably, from 0.01 to 20 W/cm?,

However, the actual conditions for forming the layer such as temperature of the support, discharging
power and the gas pressure in the deposition chamber cannot usually be determined with ease independent
of each other. Accordingly, the conditions optimal to the layer formation are desirably determined based on
relative and organic relationships for forming the amorphous material layer having desired properties.

55 By the way, it is necessary that the foregoing various conditions are kept constant upon forming the IR
layer for unifying the distribution state of germanium atoms, oxygen atoms, carbon atoms, nitrogen atoms,
the group lil atoms or group V atoms, or hydrogen atoms and/or halogen atoms to be contained in the light
receiving layer according to this invention.
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The surface layer 104 in the light receiving member for use in electrophotography according to this

25 invention is constituted with an amorphous material composed of A-(SixCi~x)y : Hi-y [x>0, y<1] which
contains 41 to 70 atomic % of hydrogen atoms and is disposed on the above-mentioned photoconductive
layer.

The surface layer can be properly prepared by vacuum deposition method utilizing the discharge

S phenomena such as glow discharging, sputtering or ion plating wherein relevant gaseous starting materials
\/ 30 are selectively used as well as in the above-mentioned cases for preparing the photoconductive layer.

However, the glow discharging method or sputtering method is suitable since the control for the
condition upon preparing the surface layer having desired properties are relatively easy, and hydrogen
atoms and carbon atoms can be iniroduced easily together with silicon atoms. The glow discharging
method and the sputtering method may be used together in on identical system.

85 Basically, when a layer constituted with A-(Si,Cq-x)y: Hi-y is formed, for example, by the glow
discharging method, gaseous starting material capable of supplying silicon atoms (Si) are introduced
together with a gaseous starting material for introducing hydrogen atoms (H) and/or halogen atoms (X} into
a deposition chamber the insdie pressure of which can be reduced, glow discharge is generated in the
deposition chamber, and a layer constituted with A-(Si,Ci-x)y : Hi-y containing 41 to 70 atomic % of

40 hydrogen atoms is formed on the surface of a substrate placed in the deposition chamber.

As for the gaseous starting materials for supplying silicon atoms (Si) and/or hydrogen atoms (H), the
same gaseous materials as mentioned in the above cases for preparing photoconductive layer can be used
as long as they do not contain any of halogen atoms, nitrogen atoms and oxygen atoms,

That is, the gaseous starting material usable for forming the surface layer can include almost any kind

45 of gaseous or gasifiable materials as far as it contains one or more kinds selected from silicon atoms,
hydrogen atoms and carbon atoms as the constituent atoms.

Specifically, for the preparation of the surface layer, it is possible to use a mixture of gaseous starting
material containing silicon atoms (Si) as the constituent atoms, gaseous starting material containing carbon
atoms (C) as the constituent atoms and, optionally, gaseous starting material containing hydrogen atoms (H)

so as the constituent atoms in a desired mixing ratio, a mixture of gaseous starting material containing silicon
atoms (Si) as the constituent atoms and gaseous starting material containing carbon atoms (C) and
hydrogen atoms (H) as the constituent atoms also in a desired mixing ratio, or a mixture of gaseous starting
material containing silicon atoms (Si) as the constituent atoms and gaseous starting material comprising
silicon atoms (Si) in the glow discharging process as described above.

55 Those gaseous starting materials that are effectively usable herein can include gaseous silicon hydrides
containing carbon atoms (C) and hydrogen atoms (H) as the consfituent atoms, such as silanes, for.
example, SiHs;, SizHs, SisHs and SisH1o, as well as those containing carbon atoms (C) and hydrogen atoms
(H) as the consiituent atoms, for example, saturated hydrocarbons of 1 to 4 carbon atoms, ethylenic
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25 factors for obtaining a desirable surface layer having desired properties and they are properly selected
while considering the functions of the layer to be formed. Further, since these layer forming conditions may
be varied depending on the kind and the amount of each of the atoms contained in the light receiving layer,
the conditions have to be determined also taking the kind or the amount of the atoms to be contained into

. consideration.

— 30 Specifically, the temperature of the substrate is preferably from 50 to 350 ° C and, most preferably, from
100 to 300°C. The gas pressure in the deposition chamber is preferably from 0.01 to 1 Torr and, most
preferably, from 0.1 to 0.5 Torr. Further, the elecirical discharging power is preferably from 10 to 1000
Wicm2, and, most preferably, from 20 to 500 W/cm?,

However, the actual conditions for forming the surface layer such as the temperature of a substrate,

35 discharging power and the gas pressure in the deposition chamber ¢can not usually be determined with ease
independent of each other. Accordingly, the conditions optimal to the formation of the surface layer are
desirably determined based on relative and organic relationships for forming the surface layer having
desired properties.

The invention will be described more specifically while referring to examples 1 through 30, but the

40 invention is no way limited only to these examples.

In each of the examples, the light receiving layer composed of an amorphous material was formed by
using the glow discharging process. Figure 24 shows the apparatus for preparing the light receiving
member according to this invention.

Gas reservoirs 2402, 2403, 2404, 2405, and 2406 illustrated in the figure are charged with gaseous

45 starting materiais for forming the respective fayers in the light receiving member for use in electrophotog-
raphy according to this invention, that is, for instance, SiHs gas (99.999% purity) in the reservoir 2402, B2Hs
gas (99.999% purity) diluted with Hz (referred to as "BzHs/Hz") in the reservoir 2403, Hz gas (99.99999%
purity) in the reservoir 2404, NO gas (99.999% purity) in the reservoir 2505, and CHs gas (99.99% purity) in
the reservoir 2406.

50 Prior to the entrance of these gases into a reaction chamber 2401, it is confirmed that valves 2422-2426
for the gas reservoirs 2402-2408 and a leak valve 2435 are closed and that inlet valves 2412-2416, exit
valves 2417-2421, and sub-valves 2432 and 2433 are opened. Then, a main valve 2434 is at first opened to
evacuate the inside of the reaction chamber 2401 and gas piping.

Then, upon observing that the reading on the vacuum 2436 bscame about 5 x 107% Torr, the sub-

55 valves 2432 and 2433 and the exit valves 2417 through 2421 are closed.

Now, reference is made to the example shown in Figure 1(A) in the case of forming the photo receiving
layer on an Al cylinder as a substrate 3437.
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In order to form the surface layer 104 or the resulting photoconductive layer, for example, SiH: gas,

CHs gas and if necessary, a dilution gas such as Hz gas are iniroduced into the reaction chamber 2401 by

operating the corresponding valves in the same manner as in the case of forming the photoconductive layer

and glow discharging is caused therein- under predetermined conditions to thereby form the surface layer.

35 In that case, the amount of the carbon atoms to be incorporated in the surface layer can be properly
controlied by appropriately changing the flow rate for the SiHs gas and that for the CH, gas respectively to
be introduced into the reaction chamber 2401. As for the amount of the hydrogen atoms to be incorporated
in the surface layer, it can be properly controlled by appropriately changing the flow rate of the Hx gas to
be introduced into the reaction chamber 2401,

40 Al of the exit valves other than those required for upon forming the respective layers are of course
closed. Further, upon forming the respective layers, the inside of the system is once evacuated to a high
vacuum degree as required by closing the exit valves 2417 through 2421 while entirely opening the sub-
valve 2432 and entirely opening the main valve 2434.

Further, during the layer forming operation, the Al cylinder as substrate 2437 is rotated at a

45 predetermined speed by the action of the motor 2439.

Exampile 1

A light receiving member for use in electrophotography having a light receiving layer 100 disposed on

s0 an Al cylinder having a mirror grinded surface was prepared under the layer forming conditions shown in
Table 1 using the fabrication appratus shown in Figure 24.

And, a sample having only a surface layer on the same kind Al cylinder as in the above case was
prepared in the same manner for forming the surface layer in the above case using the same kind
fabrication apparatus as that shown in Figure 24.

§5 For the resulting light receiving member (hereinafter, this kind light receiving member is referred to as
"drum™), it was set with the conventional elecirophotographic copying machine, and slectrophotographic
characteristic s such as initial electrification efficiency, residual voltage and appearance of a ghost were
examined, then decrease in the electrification efficiency, deterioration on photosensitivity and increase of
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cylinder avmg a mu'ror p ane surface was prepared unde rming condltlons shown in
Table 5 using the fabrication apparatus shown in Figure 24,
And a sample having only a surface layer on the same kind Al cylinder as in the above case was
prepared in the same manner for forming the surface layer in the above case using the same kind
25 fabrication apparatus as that shown in Figure 24.
For the resulting light receiving member (hereinafter, this kind light receiving member is referred to as
"drum™), it was set with the conventional electrophotographic copying machine, and electrophotographic
characteristics such as initial electrification efficiency, residual voitage and appearance of a ghost were
. examined, then decrease in the electrification efficiency, deterioration on photosensitivity and increase of
\_ 30 defective images after 1,500 thousand times repeated shots were respectively examined.
Further, the situation of an image flow or the drum under high temperature and high humidity
atmosphere at 35° C and 85% humidity was also examined.
As for the resulting sample, upper part, middle part and lower part of its image forming part were cut
off, and were engaged in quantitative analysis by the conventional organic element analyzer to analyze the
35 content of hydrogen atoms in each of the cut-off parts.
The results of the various evaluations and the results of the quantitative analysis of the content of the
hydrogen atoms are as shown in Table 6. And the content profiles of boron atoms (B) and oxygen atoms
(O) in the thicknesswise direction in the charge injection inhibition layer are shown in Figure 27.
As Table 6 illustrates, considerable advantages on items of initial electrification efficiency, defective
40 image flow and sensitivity deterioration were acknowledged.

Example 3 (containing Comparative Example 2)

Multiple drums and samples for analysis were provided under the same conditions as in Example 1,
45 except the conditions for forming a surface layer were changed to those shown in Table 7.
As a rosult of subjecting these drums and samples to the same evaluations and analyses as in Example
1, the results shown in Table 8 were obtained.

Example 4
60 _
With the layer forming conditions for a photoconductive layer changed to the figures of Table 9,
multiple drums having a light receiving layer under the same conditions as in Example 1 were provided.
These drums were examined by the same procedures as in Example 1. The results are shown in Table 10.

s5 Example 5

With the layer forming conditions for a charge injection inhibition layer changed to the figures of Table
11, multiple drums having a light receiving fayer under the same conditions as in Example 1 were under the
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from posi ti gQiight receiving member for use in electrophotography having a light receiving layer 100 disposed on

30 an Al cylinder having a mirror plane surface was prepared under the layer forming conditions shown in
Table 19 using the fabrication apparatus shown in Figure 24.

And, a sample having only a surface layer on the same kind Al cylinder as in the above case was
prepared in the same manner for forming the surface layer in the above case using the same kind
fabrication appratus as that shown in Figure 24.

35 For the resulting light receiving member (hereinafter, this kind of light receiving member is referred to
as ."drum™), it was set with the conventional electrophotographic copying machine having digital exposure
functions and using semiconductor laser of 780 nm wavelength, and electrophotographic characteristic such
as initial electrification efficiency, residual voltage and appearance of a ghost were examined, then decrease
in the electrification efficiency, deterioration on photosensitivity and increase of defective images after 1,500

40 thousand times repeated shots were respectively examined.

Further, the situation of an image flow on the drum under high temperature and high humidity
atmosphere at 35°C and 85% humidity was also examined.

As for the resulting sample, upper part, middle part and lower part of its image forming part were cut
off, and were engaged in quantitative analysis by the conventional organic element analyzer to analyze the

45 content of hydrogen atoms in each of the cut-off parts.

The results of the various evaluations and the results of the quantitative analysis of the content of the
hydrogen atoms are as shown in Table 20. As Table 20 illustrates, considerable advantages on items of
initial electrification efficiency, defective image flow and sensitivity deterioration were acknowledged.

so Comparative Example 3

Except that the layer forming conditions changed as shown in Table 21, the drum and the sample were
made under the same fabrication apparatus and manner as Example 9 and were provided to examine the
same items. The resuits are shown in Table 22. As the Table 22 illustrates, much defects on various items

55 were acknowledged compared to the case of Example 9.
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As Table 24 |llustrates, considerable advantages on items of initial electrification efficiency, defective
25 image flow and sensitivity deterioration were acknowledged.

Example 11 (containing Comparative Example 4)

Multiple drums and samples for analysis were provided under the same conditions as in Example 1,
\/ 30 except the conditions for forming a surface layer were changed to those shown in Table 25.
As a result of subjecting these drums and samples to the same evaluations and analysis as in Example
9, the results shown in Table 26 were obtained.

Example 12

With the layer forming conditions for a photoconductive layer changed to the figures of Table 27,
multiple drums having a light receiving layer under the same conditions as in Example 9 were provided.
These drums were examined by the same procedures as in Example 1. The resulis are shown in Table 28.

40 Example 13

With the layer forming conditions for a charge injection inhibition layer changed to the figures of Table
29, multiple drums having a light receiving layer under the same conditions as in Example 9 were provided.
These drums were examined by the same procedures as in Example 1. The results are shown in Table 30.
45 '
Example 14

With the layer forming conditions for a charge injection inhibition layer changed to the figures of Table
31, multiple drums having a light receiving layer under the same conditions as in Example 9 were provided.
s0 These drums were examined by the same procedures as in Example 9. The results are shown in Table 32.

Example 15

With the layer forming conditions for an IR layer changed to the figures of Table 33, multiple drums
55 having a light receiving layer under the same conditions as in Example 9 were provided. These drums were
examined by the same procedures as in Example 9. The results are shown in Table 34.



EP 0 249 302 Bl The photoconductive |ayer has the sem conduct or
characteristics as under nentionedPa0n248s302\@1 a phot oconductivity agai nst
irradiated,light. (1) p-type sem conductor characteristics: containing an
acceptor only or both the acceptor and a donor in which the relative
content oF@MRE Ycceptor is hi gher (ii) p- type sem conduct or

characterlsw{ S he content of the cce tor or th el ative
&'t lﬁ E é’r %P{S Ykt or

cont ent oL L\?é" 5%""913 ngdﬂgfﬂ,?{‘ &%@ a :::f wgp g)\g L Syl
char act er | %' é FE[S'? M Acceht or
in which ? emre I've con " ERePAGNor 1S aresnownl ??L -type

sem condugfQiyeGhar act eri st | cs: the content of donor (Nd) is lower or the
rel ati ve tontent of the 10 acceptor is lower in the case (iii); and (v)

i -type sen apg e SrouralR§inaét R6rb Sipphied:forltR drihdihgpredesiest afclling tB& of various degrees.
phot ocandwah ihéepaliehysed Fighrele8, Rari6lR Thds@BdcBont paRbinS &) R6érBELH i ITaBle BN Mwttiple cylinders
above- menibre prRAidédY PRsse CYlihddrOwdrd 3ot td the RaBiicalith apPdrdnisefl Figuth 240 Nccth@ingli Ginduged to/ pe

I mpurity, pdtuch-diufsauntiérany sadvg pedduddion Boriditionsi oiEdmpley9. Vwhi Protidted difams are evaluated
phot oconduwitt the ecohvaptional telzctphdtapraphic copying maachibes having Ndigite) gxpasare Senctidas ladd using
cont r ol | i sgni¢onductriasendf 280 ns wavelangty. e tegults Asretaa shawh é1Tisble 38.0 be such inpurity
to be oontained in the photoconductive |ayer, the so-called inpurities in
the fiel dExampled8 sem conductor can be nentioned, and those usable herein
can include atonms belonging to the group Il or the periodical table that
provi de p-t VP SedaR 9k Miner gpupdy swleqefﬁawere rd"gﬁ'%ﬁ"{;f?es{*ﬁé'f - frappinglote of pearing balgy

| KL at om'g‘)" jple gyligdars paving 3 Fﬂg“ i _'@ﬂﬁ}) of tcfpss PRSHNRfterm of Tabls) "’t°FFat
pr ovi dé® n rf:g) . These cylinders were Set to the fabrication apparatus of Figure 24 accordingly and used for the
production of drums under the same conditions of Example 1. The produced drums are evaluated by the

same electrophotographic copying machine as used in Example 17. The results were as shown in Table 40.

Example 19

25

A light receiving member for use in electrophotography having a light receiving layer 100 disposed on
an Al cylinder having a mirror plane surface was prepared under the layer forming conditions shown in
Table 41 using the fabrication apparatus shown in Figure 24,

And, a sample having only a surface layer on the same kind Al cylinder as in the above case was

1 30 prepared in the same manner for forming the surface layer in the above case using the same kind
fabrication apparatus as that shown in Figure 24. _

For the resulting light receiving member (hereinafter, this kind light receiving member is referred to as
"drum"), it was set with the conventional elecirophotographic copying machine having digital exposure
functions and using semiconductor laser of 780 nm wavelength, and electrophotographic characteristics

35 such as initial electrification efficiency, residual voltage and appearance of a ghost were examined, then
decrease in the elecirification efficiency, deterioration on photosensitivity and increase of defective images
after 1,500 thousand times repeated shots were respectively examined.

Further, the situation of an image flow on the drum under high temperature and high humidity
atmosphere at 35°C and 85% humidity was also examined.

40 As for the resulting sample, upper part, middle part and lower part of its image forming part were cut
off, and were engaged in quantitative analysis by the conventional organic element analyzer to anafize the
content of hydrogen atoms in each of the cut-off parts.

The results of the various evaluations and the results of the quantitative analysis of the content of the
hydrogen atoms are as shown in Table 42, As Table 42 illustrates, considerable advantages on items of

45 initial elecirification efficiency, defective image flow and sensitivity deterioration were acknowledged.

Comparative Example 5

Except that the layer forming conditions changed as shown in Table 43, the drum and the sample were
50 made under the same fabrication apparatus and manner as Example 19 and were provided to examine the
same items. The results are shown in Table 44. As the Table 44 illustrate, much defects on various items
were acknowledged compared to the case of Example 19.

Example 20
A light receiving member for use in electrophotography having a light receiving layer 100 disposed on

an Al cylinder having a mirror plane surface was prepared under the layer forming condttuons shown in
Table 45 using the fabrication apparatus shown in Figure 24.
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conductivity (hereinafter sinply referred to as "group V atont).

Specifically, the group Il atonEP 0249 8oxBude B (boron), A (alumnum, Ga
(galli,um, ,In (indium and TI (thallium. The group V atons can incl ude,
for exanple, P (phosphorous), As (arsenic) éﬁntl mony) and Bi (bi snmuth).
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And armr\g tPl |%§.ﬁ$ shown in Table 48 were obtamed ° o ° b

: Example 22
k/ 30
With the layer forming conditions for a photoconductive layer changed to the figures of Table 49,
multiple drums having a light receiving layer under the same conditions as in Example 19 were provided.
These drums were examined by the same procedures as in Example 19. The results are shown in Table
50.
85

Examgle 23

With the layer forming conditions for a charge injection inhibition layer changed to the figures of Table

51, multiple drums having a light receiving layer under the same conditions as in Example 19 were

40 provided. These drums were examined by the same procedures as in Example 19. The results are shown in
Table 52.

Example 24

45 With the layer forming conditions for a charge injection inhibition layer changed to the figures of Table
53, multiple drums having a light receiving layer under the same conditions as in Example 19 were
provided. These drums were examined by the same procedures as in example 19. The resuits are shown in
Table 54.

s0 Example 25.
With the layer forming conditions for an IR Iéyer changed to the figures of Table 55, multiple drums
having a light receiving layer under the same conditions as in Example 19 were provided. These drums

were examined by the same procedures as in Example 19. The resulis are shown in Table 56.
65
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hal ogen atons, fluorine and chlorine and particularly preferred. 45 The
t hi ckness of the photoconductive |ERy@249 30281 i nportant factor in order for
.the photocarriers generated by the irradiation of |ight having desired
spectrum characteristics to be effectively transported, and it is

appr opr i am er ni ned depend| ng upon the desired purpose.

however , q that e I ayer thi ckness be determ ned i n VI ew of
rel ative ﬁ % q‘}:}? g\ﬁf %‘ 'Yﬁgﬂ E?:Ts ﬁﬁ mgl 6? fle Tiar'ﬁt%?'(‘%ese drums

hal ogen_ a °§
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| ayer. Fu%ﬁgbt shoul d be determ ned aI so I n econom cal point of view
such as p ity or mass productivity. In view of the above, the
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prefer abl Yaving & RyhBRcdiigl thyer Ditier VB ShmdEdAkigEn8 Rk Yh Exémple 10 GoleShrbide@ Thesalirhs €
Layer 104 wéilexatifed by Trh@arﬁuﬁrt,@eaeé &Y ExahiPld 10.0the bl aresAMMNG Tabeeof r €€ surface
105 (or 2105) is disposed on the photoconduc- tive layer 103 (or 2103) to

attain thexanplecast s chiefly of npisture resistance, deterioration resistance
upon 12 EP 0 249 302 Bl repeating use, electrical voltage w thstanding
proper trg, uskhe emivar rgnovne kyliaders vere csopnrtied for thecginding] prdepsalosing & \utfingr toblné varioght

r ecei vi ngdegsesnc\Wittt the pefteens jof Figire 23, verjoki® croesrsagtion pattomns rasl dengritted int Teble G1nweifiglé on.
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The surface of mirror ground cylinders were dimple processed by dripping lots of ball bearings.

25 Multiple cylinders having a pattern as shown in Figure 26 and of cross section pattern of Table 63 were
provided. These cylinders were set to the fabrication apparatus of Figure 24 accordingly and used for the

production of drums under the same conditions of Example 1. The produced drums are evaluated by the
sane electrophotographic copying machine as used in Example 28. The results were as shown in Table 64.

‘\./ so Example 30

A light receiving member for use in electrophotography having a light receiving layer 100 disposed on
an Al cylinder having a mirror ground surface was prepared under the layer forming conditions shown in
Table 65 using the fabrication apparatus shown in Figure 24.

85 And, a sample having only a surface layer on the same kind Al cylinder as in the above case was
prepared in the same manner for forming the surface layer in the above case using the same kind
fabrication apparatus as that shown in Figure 24.

For the resulting light receiving member (hereinafter, this kind light receiving member is referred to as
"drum"), it was set with the conventional electrophotographic copying machine, and electrophotographic

49 characteristics such as initial electrification efficiency, residual voltage and appearance of a ghost were
examined, then decrease in the electrification efficiency, deterioration on photosensitivity and increase of
defective images after 1,500 thousand times repeated shots were respectively examined.

Further, the situation of an image flow on the drum under high temperature and high humidity
atmosphere at 35° C and 85% humidity was also examined.

45 As for the resulting sample, upper part, middle part and lower part of its image forming part were cut
off, and were engaged in quantitative analysis by the conventional organic element analyzer to analyze the
content of hydrogen atoms in each of the cut-off parts.

The results of the various evaluations and the results of the quantitative analysis of the content of the
hydrogen atoms are as shown in Table 66. As Table 66 illustrates, considerable advantages on items of

50 initial electrification efficiency, defective image flow and sensitivity deterioration were acknowledged.

Comparative Example 7

Except that the layer forming conditions changed as shown in Table 67, the drum and the sample were

s5 made under the same fabrication apparatus and manner as Example 30 and were provided to examine the

same items. The results are as shown in Table 68, As the Tabie 68 illustrates, much defects on various
items were acknowledged compared to the case of Example 30.
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Typically, the surface layer is fornmed of an anorphous material containing
silicon atons, carbon atons, andcEmydepgp@Bhtons (hereinafter referred to as
[err] , x>0 and y<1). It is necessary for the surface |layer for the |ight
receiving nmenber for use in el ectrophotography according to this invention
to be carefully fornmed in order for that |ayer to bring about the
characteristics as iowrequired. That is, a material containing silicon
atoms (Si), carbon atgns (C). and hydrogen atons (H) as the constituent

el enments is structuiggylg extegded froma crysgalline stf9te to an anor phous
st at e® whi ch exhi bi t gttrophysically propertfes from c®nducti veness to

sem conduct i veness i nsul ati veness, and other properties from
phot oconduct i veness f i n photoconductiveness according to the kind of a
material. 15 They giore, in the formation of the surface |ayer,

approgriate |ayer f(ﬁﬁi{hg congitions are required to bgastrictly chosen
under which a desi r&jggrface"{l ayer conposed Sf [err] ving the
characteristics as ofred ny be effectivel® formed. @or instance, in the
case of disposing the surface layer with aimng chiefly at inprovenents in
its electrical voltaga w thstanding property, the surface | ayer conposed of
[err]ss is so forned tgai; 20 i exhibits a sigagificant ghectrical insulative
behavi or in use envﬁgﬁmnt. fin the case of dfsposing tRe surface |ayer
with aimng at inprovenents in repeating use characteristics and use

envi ronment al charactgri stics, the surface | ayer conposed of [err] is so
fQued that it has %egtai n sensitivity to Irradiated |ight although the

el ect®i cal insul ati wemspLoperty shoul d be sonmeghat decrggsed. 25 The
anount of carbon at Snd t amount of hydrgen at omgQrespectively to be
contained in the suf | ayer of the light receiving nmenber for use in

el ect rophot ogr aphy ording to this invention are inportant factors as

wel | as the surface layer formng conditions In order to nmake the surface

| ayer~acconpani-ed withe«desired characteristics to attain the objects of
this inventi on.'e‘;
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The amount of the carbon atons (C) to be incorporated in the surface-layer
is preferably 1 x 10-3 to 90 30 EP®@®240 302 BAind, nost preferably, 10 to 80
atom ¢ ,% respectively to the sumof the anobunt of the silicon atons and the
anount of the carbon atons. The amount of the hydrogen atons to be
incorporated in.the surface layer is preferably 41 to 70 atomc % nore
preferably 41 to 65 atomc % ang, nost preferably, 45 to 60 atomc %
respectively to the sumof thg§,agount of all the constituent atons to be
incorpaorated in the surface | gVgg. 35 & As long as the amount of the
hydrogén atoms to be incor por,gt-;_eé in tWe surface layer lies in the above-
mentioned range, any of the rgqupting light receiving menbers for use in

el ectrophot ography becones wealthy in significantly practically applicable
characteristics and excels bmeycgnd t he conventional I'ight receiving nenbers
for usg, in electrophot ograp%/y kN every viewpoint. That is, for the
conventional |ight receivin er folo use in el ectrophotography, that is
known that 40 when there eX st &ertain defects within the surface | ayer
conposed of [err](due to maiEn'B)SEangl i ng bonds of si'licon atons and those
of carbon atons) they give undesirable influences to the

el ect r ephot ogr aphi ¢ characteri stts.. For instance, because of such defects
there are often invited deteriy@dion in the electrification
characteristics due to chargeSingection fromthe side of the free surface,
changes in the electrificati o @y characteristics due to alterations in the
siface structure under certa#® ge environnent, for exanple, high noisture
at nospBere, and appearance ofarse® dual i mages upon repeating use due to
that an electric charge is inj ect,:ted into the surface layer fromthe

phot oconductive | ayer at the ti%ge of corona discharge or at the tinme of

| ight irradiation to thereby n&ke the el ectric charge trapped for the

def ect svvithi n the sur§ ace IayeSgHovve\?er, t he above defects being present
in the“surface layer of the cofy@ntional |ight receivieg so menber for use
i n el ectrophot ography Fhich I nft various probl ems agdnentioned above can

be largely elimnated®y control |j ng the amount of t hel hydrogen atons to be
incorporated in the surface |laye§ to bg P
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nore than 41 atomc % and as a result, the foregoing problens can be

al nost resolved. In addition, theP0o24aBe2BtY |ight receiving nenber for use
i n.el ect rophot ography has extrenely inproved advant ages especially in the
el ectric characteristics and the repeating usability at high speed in
conparison with the 56 conventional |ight receiving nmenber for use in

el ect r ophot ogr aphy. ABd, the maxi num anobunt of the hydrogen atoms to be
incorporated in the s rface | ayeris necessary to be 70 atomic % That is,
when t he amount of E.I§ hydrogen atons exceeds 70 atom c % the hardness of
the sbrface Iayer rmIeS| radl y decreased soghat the M@sulting |ight
recei vi ng nenber such that 13 EP 0249 302 B®can not be

repeat edly used for along period of tinme. In this connection, it is an
essential factor fod ®@he |ight receiving nenber for use in '

el ect ,ophot ogr aphy gfgﬁhi S immention that the surface | ayer contains the
anount of the hydro toms Tanging in the aMve- nent i™ned range. 5

For the incorporatiﬁrﬂ t he ®Rydrogen atons i ®said part®cul ar anount in
the surface | ayer, H™tfican be carried out by appropriately controlling the
rel ated conditions such as the flowrate of a starting gaseous substance,
the tsnperature of a gubstrate, discharging power and the gas pressure.
Speci fically, intgs gse wheRe the surfacelg is fo@ed of [erer] the
"x" is preferably Rt 0.99999, nore preferawly 0.1 to-aO 99, and, nost
preferably, 0.15 to 0.9. And the "y" is preferably 0.3 10 to 0.59, nore
pkeferably 0.35 to 0.9, and, nost preferably, 0.4 to 0.55. The thickness
of th®@ surface |layeB 8n the Ilght recei ving nmeitber according to this
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appropriately determ ned dependi ng upon the desired purpose. It is,
however, al so necessary that the EPpp@49 802 Bkness be determ ned in view of
relative and organic relationships in accordance with the amounts of the
hal ogen at ons, hydrogen atoms and other kind atoms 15 contained in the

| ayer or the characteristics required in the relationship with the

t hi ckness of other layer. Furthew, it should be determined also in

econom cal point of vieM/suchﬁaSUproductivity or mass productivity. In view
of the above factors, the thi §¥Ess of the surface layer is preferably
0.003 €0 30 [err] nore prefergt @, 0.0%4 to 20 [err] and, nobst preferably,
0.005 to 10 [err] By the way,Zt$& thickness of the light receiving |ayer
100 constituted by the photoconductive |ayer 103 20 (or 2103 in Figure 21)
and the surface layer 104 (org21@4 in Figure 21) in the light receiving
menber mf or use in electrophot@grgphy according to this invention is
appropriately determ ned depegdi uporr the desired purpose. In any case,
said thickness is appropriate Y, %gernined in view of relative and organic
rel ati onshi ps between the thigkewess of the phot oconductive | ayer and that
of the surface layer so that the various desired 25 characteristics for
each ofs the photoconductive layer @#ind the surface layer in the |ight

recei ving menber for use In el gcBrdphot ography can be sufficiently brought
about upon the use to effectived gmttaign the foregoing objects of this
invention. And, it is preferred 8t the thicknesses of the photoconductive
I@-er and the surface |ayer be $igt§rm ned so that the ratio of the former
versus2the latter lies in the maRge of sone hundred tines to sone 30

t housand tinmes. Specifically, the thickness of the light receiving | ayer
100 is preferably 3 to 100 [err]zrmre preferably 5 to 70 [err] and, nost
preferably, 5 to 50 [err]'PrepargHLon gf Layers 35
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The met hod of formng the light receiving |layer 100 of the |light receiving
menber will be now expl ai ned. Ezfo0 49 802B1 ayers to be constitue the |ight
recei yi.ng Jayer of the light receiving nmenber of this invention is properly
prepared by vacuum deposition nethod utilizing the discharge phenonmena such
as 40 gl ow di schargigg, sputtering and ion plating nethods wherein

rel evant gaseous staming materials are selectively used. These production
nmet hods are properlysused sel ectively dependi ng on the v&actors such as the
manuf act uri ng condi Bs, thesinstallation cast requiree, production scale
and p?operties r equgs for the light receivifig nenberto be prepared. The
gl ow di schar gi ng d or sputtering method is suitable 46 since the
control for the con i‘;i on upon preparing the light receiving nenbers having
desired properties @ne~ el atively easy, and hydrogen atons, hal ogen atons
and ofpher atons canﬁl%ﬁi ntrodaiced easily together with silicon-atons. The
gl ow di schargi ng me8i®p8 and the sputtering me¥hod may % used together in
one identical syst @\N Y0 Prefarati on of Photd®onductiveé®lLayer, Charge

I njection Inhibition oﬂayer, and Contact Layer Basically, when a layer
constituted wth [ernd is forned, for ecanple, by the glow discharging

net hod, gaseous startg ng matesi al capabl e of gupplyinge&ilicon atons (Si)
are introduced toge & withWaseous starting@material or introducing
hydrogen atons (H) and/or hal ogen atons (X) into a deposition 55 chamnber
the inside pressure @ which can be reduced, glow discharge is generated in
t ke’ deposition chanh&, and a | ayer conposed of A-Si(H X) is formed on the
surfe@e of a substrgt placegin the deposi-tign chanberg 14 :
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EP 0 249 302 Bl The gaseous starting material for supplying Si can include
gaseous or gasifiable silicon hydeEP®249@02Bdnes) such as [err] and [err]
being,partjcularly preferred in view of the easy layer form ng work and the
good efficiency for the supply of Si. Further, various hal ogen conpounds
can be nmentioned as the gaseous starting material for introducing 5 the
hal ogen atoms, and gaseous or§ga8ifiabl e hal ogen conmpounds, for exanpl e,
gaseous hal ogen, halides, int®® Qal ogeg conpounds and hal ogen-substituted
silane derivatives are prefer %Zi Specwfically, they can include hal ogen
gas suéh as of fluorine, chl og;ig;%, brom ne, and iodine; inter-hal ogen
conpounds such as [err], etc.m d silicon halides such as [err]. The use
of the gaseous or gasifiable sigicon halide as described above is

particul arly advantageous signcé& the io layer constituted with hal ogen
atom centaining A-Si:H can Be ftpgmed wet h no additional use of the gaseous
starting silicon hydride mafjer & for supplying Si. Inthe case of formng
a |ayer constituted with anSdg Bhous material containing hal ogen atons,
typically, a mxture of a gaseous silicon halide substance as the starting
material for supplying Si and a gas such as Ar, H2 and He is introduced
into te deposition chanber hawi-ag a substrate in a predeterm ned 15

m xing ratio and at a predete&ﬁlﬁed gas flowrate, and the thus introduced
gases are exposed to the actiQEHf gl of discharge to thereby cause a gas
plasma resulting in form ng s@iH% ayer on the substrate. And, for

i Reor porating hydrogen atons Zrf aid | ayer, an appropriate gaseous starting
materi & for supplying hydrogen atons can be additionally used. Now, the
gaseous starting material. usablge for supplying hydrogen atons can incl ude
t hose gaseous or 20 gasifi abl el mat erials, for exanple, hydrogen gas (H2),
hal i des such as HF, HClI, HBr, and H, ®ilicon hydrides such as [err], or
hal ogen: substituted s‘l:;l i con hycﬂé’des such as Si H2F2, Sqi, H212,
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[err]. The use of these gaseous starting material is advantageous since the
content of the hydrogen atons (EHP,024%30RBire extrenely effective in view of
the control for the electrical or photoelectronic properties, can be
controlled with ease. Then, the use of the hydrogen halide or the 25

hal ogen-substituted silicon hydride as described above is particularly
advant ageous si nce&he hydr ogen atons (H) are al so introduced together with
the introduction ofg®he hafpg& fons. The am)unt of the hydrogen atons (H)
and/or the anount @ ®the hal oden @t ons ( contaned inwa |ayer are
adj ust ed properly ont roI ling rel ated -(:OI’ldI teons, feor exang e, the
tenperature of a s% rate;:lthe- anpunt of a gaseous starting materi al

copabl e of suppl yi &gt he hyﬂr er:n“atoms or the hal ogen atons 30 into the
deposition chanber and the electric discharging power. In the case of

form ng a | ayer conposed of A-Si(H X) by the reactive sputtering process,

t he Iayer is formed on theSsul@stiite by using an Si t gy get and sputtering
the Si target in a %asm& at m#splrer e. gorms |d | awer by time ion-plating
process, the vapor sili gen i, is al I owed- 0 pasa throegh a dea red gas

pl asma at nosphere. The sili#Copva is produced by heating polycrystal
silicgn or single crystal %5 il con held in a boat. The heating is
acconpl i shed by resistance heating or electron beam nethod (E.B. met hod) .

In either case where the sgut{gridig process or the ion-plating process is
enpl oyed, -the |ayer gay be~i ngor @rated th hal J ogen wtoms by introducing

' of the above-nen®i oned gaseous hali d&és or hal ogen-- cont ai f§i ng silicon
conpodnds i nto The deposit&on _@hanber i n"hhich } pl asfta at nosfhere of the
gas is 40 produced. In thﬁ &egﬁ’nere the layer is incorporated with
hydrogen atons in accordance with the sputtering process, a feed gas to

| i berate hydrogen is introduced into the deposition chanber in which a

pl asm atmosphere of the g8 B @ oduced. The f eed gag to | i berat'e hal ogen
at oms®i ncl udeg the ahove- nenw omed hal ogen- cordai ni ng silicow cofpounds.
For exanple, I.n the sase ofwthe reactive putte?i ng peocess, &he | ayer
conposed of A?i (HX) is fgrn@ o :
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45 on the substrate by using an Si target and by introducing a

hal ogen-at om i ntroduci ng gas and IEP @249 302fBinecessary, together with an
inert, gas ,such as He or Ar into the deposition chanber to thereby forma

pl asma at nosphere and then sputtering the Si target. In order to forma

| ayer constituted with an anorphous material conposed of a-Si (H X) further
incorporated with theggr®up 1l atons or the group V atons using a gl ow

di schargi ng, sputteri@&-or ion 50 plati ng process,, the starting material
for introducing the g8 11¥ ordgros Vwatome is wsed together with the
startirfg material for&8®ning a-Si(‘H X) upon forming the a-Si(H)Q |ayer
while controlling the gmount of themin the |ayer,to,be fornmed. For

i nstance, in the case form nga | gyer gonpgsedigfa& Si (H X) containing
the group Il or groupgv;atogs, gamely AL ME, X) Eihgwhi ch M stands for the
group L1 or group V awo#s, by using the gl ow 55 8 &charging, the starting
gases material for formng the a-SiMH, X) are introduced into a deposition
chanmber in which a spub®trate being placed, optionally being mxed with an
inert gas such as Al orj He in a predeterm ned mxing ratio, and the thus

i ntroduced gases are eXb@sed®t o Che &tidh of °gl ow’™di scharge to thereby
cause asgas plasma rdglging in formng a layer conposed of a-Si MH X) on
the substrate. 15 " E&P0® 249 302 Bl Referring specifically to the boron
atomintroducing materi af's as the starting material for introducing the

group |11 atonms, they,&i® include boron hydrides such as [err] and [err]
aQd boron halides sucﬁoﬂ [ebr]. ol n additeon,o [errq and the |ike can al so
be nent® oned. oA 0
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5 Referring to the starting material for introducing the group V atons
and, specifically to, the phosphep gai4e®o2 Br oduci ng materials, they can
i ncl ude, for exanple, phosphor hydrides such as [err] phosphor halide such
as J[err] . In addition, [err] [err] and [err] can also be nentioned to as
the effective starting mategyi@ Eor introducing the group V atons. 10 In
order to forma layer cont& nEBhg@nitrogen atons usinggthe gl ow di scharging
process, the startin@ material for introd@ing i§trogén atongis added to
the material selected as reffupfed fromthé&¥star™®Mng n®erial for formng
sai d Isayer as described ab@eg AgNthe starting material for introducing
nitrogen atons, nost of gaseous or_.gasifiable materials which contain at
| east nitrogen atons as the consf tflent atons can be used. 15 For
instance, it is possible te uge & @ xture of a gaseous starting materi al
cont ajgning silicon atons (& )@Maset ke constituent atons, a gaseous starting
material containing @trogen atons & N) as8he c@stitdgent at s and,
optionally, a gaseou¥ startd'ng ngb@ial céhtai nfhg hy®rogen & ons (H)
and/ or hal ogen atons () asw@ h@ cdh§ituent atoms in a desired mxing ratio,
or a mxture of a starting gaseous™material containing silicon atons (Si)
as the constituent atons and a gaseous starting material containing
nitrogen atons (N) and 20 ohydrogen atons (H) as the constituent atons al so
in a desired mixing ratio. @Al Rernatively, it is also gossible to use a
m xture of a gaseousdSstarting material co@ aini & nit®ogen atons (N) as the
capstituent atonms and a gasfous starting ffateri ® con®ai ning®™silicon atons
(Si) #nd hydrogen atorms (Hj af the constituent atons. The starting material
that can be used effectively as thg 'gaseous starting material for
introducing the 25 nitrogen atofssfN) used upon forning the |ayer
contai ning nitrogen atons eanei @ P¥de gaseous or gasifiabl e nitrogen,
nitriges and nitrogen conpBun@s 8ugh as azi de conpounds conprising N as the
constituent at&hs oraN and H as th@ const @ uent Sat ons® for eganpl e,
nitrogen (N2), Shmoni¥a [erg hydg%gi ne n © ~
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[err] hydrogen azide [err] and ammoni um azide [err] In addition, nitrogen
hal i de conpounds such as nitrogenEppi2#88e2Btle [err] and nitrogen
tetrafluoride (F4N2) can also be nmentioned in that they can 30 also

i ntroduce’ hal ogen atoms (X) in addition to the introduction of nitrogen
atons (N). The layer @ontaining nitrogen atons nay be fornmed through the
sputtering process®bylusing a single crystal or polycrystalline Si wafer of
Si 3N4 wafer or a wf ey gontagyning Si gnd [grr] pn adyi xture as a target and
sputtering theminkva@ Bus gas atnospheres. In the case of using an Si
wafer &8s a target,._r-;f'a@rg_gnstance, a gaseous starting material for

i ntroducing 35 nlt?ogen atons and, as required, hydrogen atons and/or

hal ogen atons is diluteg, optionally with a dilution gas, and introduced
into a sputtering depgshtion chamber to formgas plasmas with these gases
and the Si wafer is ng_ﬁt ered. Alternatively, Si and [err] may be used as

i ndi vi dual targets og gag a sPnglOtarget cOpri®ing & and [err] in

adm xture and then thﬁtgered in the atnosphere of a dilution gas or in a
gaseous at nosphere @ ®ont ai ning at | east hydrogen atons (H) and/or

hal ogen atons () as PHt®constituent atons as for the sputtering gas. As the
gaseousgs starting materg al for introducing nitrogen atons, those gaseous
starting materials fo}introducing the nitrogen atons described previously
shown in the example ot he glow dischargipg cag be ysed as the effective
gas also In the case bt he sputtering. In order to forma |ayer containing
qarbon atons using thes gl ow di schargi ng process, the gaseous 45 starting
materi & for introducich'{j' carbon atons is added to the material selected as
required fromthe startjpng materials for formng said | ayer as descri bed
above. As the sBarting fatergal fgr ingrodgci ngecarbgn atons, gaseous or
gasi fiabl e mategials cofffaining carbon atons as'the consti tuent Bat oms can
be used. And iteis possible to use a mixture of gaseous startinf naterial
contai At ng si | i on at s (Si) as the constituent atons, gaseousSstarting
material cont ai fii ng cal Bon at ons (C as the constituent atons asid, 50
optional |y, gaseous stSf}ingenategi al gont ai ni ng hydeogen atonsalH and/ or
hal ogen atons (X) as t§1!—3 “ '
C : > .
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constituent atons in a desired mxing ratio, a mxture of gaseous starting
material containing silicon atonBPQ34P3062Bihe constituent atons and gaseous
starti.ng material containing carbon atons (C) and hydrogen atons (H) as the
constituent atonms also in a desired mxing ratio, or a m xture of gaseous
starting material containing sflicon atons (Si) as the constituent atons
and gaseous starting materi % Bonpri si ng silicon 55 atonms (Si) in the glow
di schargi ng process ag d%c sed @bgye. Those gaseous startl ng materials
that gre effectiyely wsab epei n c'an i ngl ude gaseoug silicon hydrides
contai ning carbgn atong, (Q Qr:ﬁl hydr ogen ons as the con‘gtituent

atons, such as sil anesg‘ f_rj)r nexgrrpée Lerr] as well as % hose contai ni ng
carbon at ons (O and h'ydrvogern mtcas & EP 0 249 302 Bl (H) as the
constituent atoms, for exand e sat urated hydrocarbons of 1 to 4 carbon
atonste et hyl enic hydr gcar bo ::S’f 2 to 4 carbon atons and acetyl enic

hydr ocar bons of 2 to carb@h o?msmSpem fically, the saturated

hydr ocar bons cahn i ncl (e meihame [er"l’] et lkane [ &5 r] pﬁbpane [err] n- butane
[err] and pentaf® [errje the Byl enic hydidcarbdhs cae incl ude et h§l ene
[err] propylene s [er}] butfn®- lo[egr] butene-2 [err] isobutyl eneg'Berr]
and p&ntene (CsH10) af¥ t he %c®t ¥ erffc hydrocarbons can incl ude adéf"yl ene
[err] methyl acetylene [err] r‘m.butlne [err][ The gaseous startlng> terial
containing silicon atgms (SI&.HJcasbap atons (C) and hydrogen at onsg as
the constituent atons %an i @I1Pdet §1icided al kyls, fpr exanple, r] and
[éu] In additi®n to these ga8eous startiSg nari al & H2 can of rse be
used &s the gas&®us sttt ti ng™i@t erial for ¥ ntrodlici ng®0 hydPoger§ af ons :
(H. in the case of f@ning§ Fay@r Zontaining carbon atons (O byB&y of

t he sputterlng process it ig: %.'3
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carried out by using a single crystal or polycrystalline Si wafer, a C
(graphite) wafer or a wafer contaiEPigde302iBt ure of Si and C as a target
and sputtering themin a desired gas atnosphere. In the case of using, for
exanple, an Si wafer as a target, a gaseous starting material for
introducing 15 carbon atons (C) is introduced while being optionally

diluted with a dilution gas such as and He into a sputtering deposition
chanber thereby form ng gas pl asnas.,\fggh. t hese gases and sputtering the Si
waf er . ternatively, h the case of #using Si- and C as individual targets

or as a single target @nprising Si~an® C in adm xture, gaseous starting
material for introduci @ hydrogen al&@§ as the sputtering gas is optionally
diluted with a dilutign gas, introduced into a sputtering deposition
chamber thereby fognmfhg gas plasmas 20 and sputtering is carried out. As
the gasgous startifg erigl fog intyodug ng gach of the atoms used in the
sputtering processh t@#dse gaseous starting materials used in the gl ow

di schar gi ng proces&u-aegjescri bed above may be used as they are. In order to
forma | ayer contal i oxygen atons using the gl ow di schargi ng pracess,

t he gaseous starting erial for introducing the oxygen atons is added to
the nmaterial selectqdggs required fromthe 25 starting materials for

formi ng said | ayer &ngbscrighed gbovey, As g he gtartgng material for

i ntroduci ng oxygen &9rk, nost of those gaseous or gasifiable materials
which contain at |ed&s® hbxygen atoms as the constituent atons. For instance,
iN4sS possible to useda m xture of a gaseous starting material containing
silicodatons (Si) asethe constituent atons, a gaseous starting materi al
cont ai ni ng oxygen at OB (0) as the constituent atonms 30 and, as required,
a gaseous starting mebesi al ocont@i ni ng hyadr-oges ataws (H) and/ or hal ogen
atons (X) as the consfifuent atoms in a desired mxing ratio, a mxture of
gaseougg starti iy mat e®i&I containing silicon atons (Si) .as thegconstituent
atons and a gas®ous stgyting material containing oxygen atons () and
hydrogen atoms §H) as tthe cgnstifuentjatogs inga desired mxi n@ratio, or a
m xture of gases®us stagi'ng mat eri al contalning silicon atons f5i) as the

constituent atons and'_‘a gaseous starting mat eri al contai ni ng &
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35 silicon atons (Si) oxygen atons (0) and hydrogen atons (H) as the
constituent atons. Further, it Epozzuseoz)msi ble to use a m xture of a
gaseous starting materi al cont ai ni ng silicon atonms (Si) and hydrogen atomns
(H 4&s the constituent atoms and a gaseous starting material -containing
oxygen atons (0) as the constituent atonms. Specifically, there can be
menti oned, for exanple, oXygen (02), ozone (03), nitrogen nonoxide (NO, 40
ni trogen di oxi de (NOZ) E r?en oxi de (N20), dinitrogen trioxide (N203),
di ni trogen t et r aoxi & Nt rogen pent oxi de (N20s), nitrogen

trioXi de (NX3), wl owst si I %(anes-n corrprl snng sigicon atons (& ) , oxygen
atons (0) and hﬁdro @n at ow(l—b as t heaconst At uenteat ons, o or exanpl e,

di siloxane [err] ancht sitcxare rr] etc. In the case of fornmi ng a | ayer
cont ai ni ng oxygen at"brrs'"b"w"éy of "the sputtering process, it my be 46
carried out by sputtering ngl e crystal or pol ycrystal line Si wafer or
Si2hafer, or a vvafer Egm ng Sl and SiQ2 in adm xture is used as a
target and sputtere themqn V| @IS gas atnosphereg. For instance, in the

case of using t"me si™ vvafe_l tehe 1 argel a ggseouswNstarting material for
i ntroduci ng oxy@en akoNs opt| onal | w hydrogen et ons amd/ or hal ogen
atomggis diluted as '-'ieqw wi@ h dilution gas, introduced int

sputtering depositi oh charﬁ)eP gas plasmas with these gases are f@q;,ned and
the Si 50 wafer is sputgr Al ternatively, sputtering may beg@rrled

0

out in the atnosphere of lutiqn gas or in a gas atnosphere cgpfaining

| east hydrogen at®ms ( Snaf ona hal ogen atons ( as constitugng atons
as aszsputtering as y usimgni ndli Vi dual ey Si gnd Si targets or g;\ single
Si and SIiQ2 m x Iiget As-ﬁthe gaseousNy starH ng neterial *for i Eoduci ng
t he oxygen at ons, gase sgarzl ng material for introducing oxygen
atons 55 shown in t‘ﬁe exanpres for the glow discharging process 5
descri bed above can be use:d the effective gas also in the spu ring.
For t#e formation of _a ph ongucgl ve |layer a charge injection ¥gffibition
| ayer, or & contact u°nayer Bf “ oo
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i ght receiving nenber of this invention by neans of the gl ow di scharging

process, sputtering process or 17 EPOEAE B02HED 302 Bl ion plating process,

the content of the oxygen atons, carbon atons, nitrogen atons or the group
[1l or V atons to be introduced into a-Si'(HX) is controlled by controlling
the gas flowrate and the ratio of the gas flowrate of the starting

material s ent er eg i § the deposition chanber. The condition upon fornng
these |ayers, ﬁ arrpl e, the tenperature of the substrate, the gas 5
pressurg in the dep smtl on ehanber an@ the el e®ricodi schargi ng power are

i nportant fact ors f re obt ai ni ng a desirable |ight receiving.nember having
desired propertnﬁ% they are properly selected while consider- ing the
functions of the layer to be forned. Further, since these |ayer formng
condi tions may be varfred dependi ng on the Ki nd and the amount of each of
the atoms contain d“"l";] t hese | ayers, the condl ti-ons have to be deterni ned
al so taking the klcn r the_anoupt of_the to Qe contained into

consi derati on. 10uo.-|SpeC| Pi cal Y, tPe terrperature of the support is
preferably from5@PaE350 * C and, nost preferably, from 100 to [err]. The
gas pressure in tiES&position chanber is preferably from0.01 to 1 Torr (1
Torr =™",333 nbar) and, nost preferably, from0.1 to 0.5 Torr. Further, the
el ectrical discharg@ng power is preferably fromO0.005 to 50 [err] nore
preferably, fromO0.®91 to 30 WcnR and, nost preferably, fromO0.01 to 20
WcenR. 15 Howewew t heeact ual coadi tians for form ng these |ayers such
ad-t he 4 enperature &g substrate, di schargi ng power and the gas pressure in
t he deposition cha eﬁ can not usually be determ ned with ease independent
of each other. Accordingly, the conditions optimal for the layer formation
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determ ned based on relative and organic rel ationships for formng these
anor phous material |ayers havi ngEB@248802 Bloperties. 20 Preparation of IR
Layer, Basi,cally, when an IR | ayer constituted with A-SiGe (H X) is forned,
for exanple, by the glow di scharge nethod, gaseous starting materi al
capabl e of supplying silicon atons (Si) is introduced together with 25
gaseous starting materi.al capable Jo syppl yi ng germani um atons (Ge), and if
ncessary gaseous starting naterial® intQﬁduang hydrogen gf ons (H)
and/ or. hal ogen atons () into a de on chanber the insdie pressure of
whi ch can be reduced, glow discharge |s generated in the deposition
chanber, and a | ayer conposed of Sige(H X) is formed on the surface of
the substrate placed in the deposigi chanber. In the case of forking the
| R | ayer composed of A-Si (HX) cont§i e ger nenbum & onsoat meverg
di strigution 30 concentration in tH§%% rection of the.layer thickness, the
| ayer conposed of A-SiGe(H X) is fo by controlling the distrihpting
concentration of germani um atons al o ith a properly variation
coefficient curve. To formthe |ayen ob A Si Ge(HX) by the sputtering

. . wd . .
process, a single target conposed o g icom, ob twmtar gets gt he gaid

targets and a target conposed of ger o m, further a single targ
conposed of silicon 35 and germani ios subjected to sputtering i®
at nosphere of anum n&rtegas such as S Ar, and if necessary gase®us

starting materiaR cHpall e of supplying§ germani um atons diluted wit@ an
i\gert gas such as He or Ar and/or gasgqus starting material for in?roducing
hydroffen atoms (&) andkor hal ogen at ofdr (H®ar e nt rdduc8d i Mo thE
sputtering deposfti®n ghanber therebj“%%rning a plasma at nosphere sith the
gas. In the case of formng the IR Id% formed of A-Si(H X) contadning

germani um at ons & wnewen di stribution®0 cohcentrationb t he tard§t is
subjegted to spufX efi ng by controllingg he ﬁas @ ow ¥ at e®of g°aseous
starting nfferial capabl e of suﬁplyiqg ger mani um at ons, al ong with*
roperly vajiati efsf i ci ent gurve. .
properly vaiatign goet surve g | d
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To formthe layer of A-Si Ge(HX) by the ion-plating process, the |layer can
be fornmed in the sane net hod excegP a¢2M9t30p@1ycrystal silicon, or single
crystal, si]icon and polycrystal germaniumor single crystal silicon are
hel d as a vapor source on a boat, and the vapor source |Is evaporated by
heating. The heating is 45 acconplished by resistance heating method or
el ectron beam nethod (E. B. nethod). ¢ & either case, the gaseous starting
material for supplying Si can includg@aafeouss or gasifq ablg siRicon
hydrides (silanes) such as [err] ancg 8., being particularly pPeferred in
vi ew of” the easy |ayer form ng work andythe good efficiency for the supply
of Si. The gaseous starting material®fds supplying Ge can include gaseous
or gasifl abl e germani um hydrides 50 $sh as Jerrpy ang [erg] obeing
particularly preferred in view of tHe &r8y | ayer forming work and the good
efficigncy for the supply of Ge. FurfYeB 8 various hal ogen conpounds, can be
ment i oned as the gaseous starting materigl for introducing the hal @en
atonms and gaseous or gasifiable hal oger,Honpounds, for exanple, ga$tous
hal ogen, halides, 55 inter-hal ogen §dhBounds and hal ogen-substitu} ed
silane derivatives are preferred. Spefi§tcal 1%, tfey ®an i%cl uBe ha ogen
gas suah as of fluorine, chlorine, br@rg Be, and.iodine; inter-hal ogen
conpounds such as BrF, CIF, [err] , IBIE8 Br, etc.; and silicon halg des
such as [err] The use of the gaseous q§ gasifiable silicon halidedas
descri bed above isgpaRtitul arly advant @yeous since the IR 18 EPE 249
3Q2/B1 | ayer const®tuted®w th hal ogen @Mm cqt ai §i Nngea- Sigxe cgn b%{‘for med

with né® additional use of the gaseous .;'jg‘ &
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starting material for supplying Si wth the gaseous starting material for
supplying Ge. Basically, in the EROx249802Binm ng an IR | ayer constituted
wi th an anprphous material containing hal ogen atons by the gl ow di scharge
met hod, for exanple, a mxture of a gaseous silicon halide substance as the
5 starting materigl for supplying Si, a gaseous germani um hydride
subst ance as the arting material for supplying Ge, and a gas such as Ar,
He and He is intng'liced irll;go t he deposition chanber having a substrate in a
predeterm ned rrimmgsrat iosand at a predeterm ned gas® fl'ow rate, and the
thus ©ntroduced § are%xposed to theMaction of gfbw dis®harge to
t hereby cause a a5 plasma resulting in forming said | ayer on the
substrate. And, fiqf incorporating hydrogen atonms in said |ayer, an
appropriate gaseg@gstarti ng 10 mat eri al for, supplying hydrogen atons can
be adgtionally usads In time case of fornwng the | ayer contaimi ng hal ogen
atons by either 3!&35putte i ng process oft the ion- pfating ptocess, the
above- nenti oned §3Eous h& i des or hal og®n-containi n§ silic& conpounds is
intro- duced into the deposition chanber in which a plasma at nosphere of
the gas is producdfl. And, in the case of formng the | ayer containing
hydr o§en at ons b%gﬁge sputucgeri ng processg gaseous 150 startieng material for
i ntroduci ng hydr atonms4 such as H2, sai d silane o#® and g& mani um hydri de
is introducted into the deposition chanber in which a plasna at nosphere of
the gas is producefl. The gaseous starting material includes the
akove- ment i oned B4 i des or hal ogen-containing silicon conpounds. O her
exanp’es of the ﬁ@g gas igwl ude hydrog hal i des sugh as H& HC, HBr, and
H ; hal ogen- 20 & stituteed silanes sucq as [err] & germaes um hydride
hal i de sucheas 3[ rr] and [err] and germaniun halides such as [err]
They are in“the deous formor gasifiable substances. The use of the
gaseoys or Basifiable hydrogen-containing halides is particularly
advant ageouﬁ Si nce,gat the time of formng the IR layer, the hydrogen
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25 are extrenely effective in view of controlling the electrical or

el ectrophot ographi ¢ properties, cePoO249802 Bbduced into the IR | ayer
together with hal ogen atons. The structural introduction of hydrogen atamns
into the 1R layer can be carried out by introducing, in addition to these
gaseous starting materials, H2 ot silicon hydrides such as [err], etc. into
t he deposition chanber togetHpp®hMth a gaseous or gasifiable germani um
containing material for 30 <QEMyi ng & such as gernmani um hydrides, for
exanple, [err] [err], and pripduging &”pl ansa at nosphere with these gases
therei A. The ampunt of the h Qogen atons (H) and/or the anount of the

hal ogen atons (X) to be contained in the IR | ayer are adjusted properly by
controlling related conditi ons > for exanple, the tenperature of a
substrate, the anbunt of a @aseous starting material capable of supplying
the hydrogen atoms or the 3 Iﬁaﬁogen Qtoms into the deposi ti on chanber and
the el ectric discharging po@e.r.?.‘}%n order to forma layer constituted with
an anor phous material conpofe® 6T A-Si Ge(H, X) further incorporated with the
group Il atoms or the group V afons using a gl ow discharging, sputtering
or ion plating process, the sf{&&ging material for introducing the group I
or growp V atons is used togeghep withOhe starting material for formng
A-Si Ge(H, X) upon formng the BPpGe(H X) |ayer while controlling the
anount of 40 themin the Iay4%r4J o be forned. For instance, in the case of
formng a | ayer conposed of Aa (H, X) containing the group Il or group V
atgns, nanely A-Si GeMH, X) in which Mstands for the group I'll or group V
atomns, 2by using the gl ow di schﬁgi ng, the starting gases material for
formng the A-Si GeM HX) are int§educed into a deposition chanber in which a
substrate being placed, optiond By bei®g nmixed with an Inert gas such as Ar
or He in a 45 predetgrm ned m&&ng ratio, and the thus introduced gases
are exposed to the action of gloyw discharge to therebyscause a gas plasma
resul ti*thg in forming @ layer confosed qf A-SiGeMH, X) Bn the substrate.
Referring specificallyto the bogon atomintroducing ngterials as the
starting materi al for:'-"lntroduciggthe s -
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group Il atons, they can include boron hydrides such as [err] and [err]
and boron halides such as [err].Epo02a9idozBon, [err] and 50 the |ike can
also be nentioned. The IR.layer constituted by SiGe(HX) may be fornmed from
an anor phous material which further contains the group Il atons or group V
atons, nitrogen atonms, oxygen atons, or carbon atonms may be fornmed by the
gl owdi schar ge- pro&ss, sputtering process, or ion-plating process. In this
case, the above- m@ntioned starting material for A-SiGe (H X) is used in
conbi nation with gigegstar®ing materials™o introduc@55 tH& group 111
atoms®or group Vgglﬁﬁ & at |east one kind selected from9itrogen atons,
oxygen atons and ®a bon atons, (hereinafter referred to as "atons
(N,OCOC"). The supply of the starting materials should be properly

control l ed so th& f.he | ayer contains a desired anmount of the necessary

at ons, EP 0 24803302 BRIf, for examplde," the layergis to e formed by the
gl ow gi scharge pr®@8s from A-Si Ge(HX) gpntaining atdnms (N O, the
starting materialgto~formthe | ayer of A-Si Ge(H, X) should be conbined with
the starting material used to introduce atons (N, O C). The supply of these
starting material syshoul d be properly controlled so that the |ayer contains
a destsr ed anount o1‘;';’,t_he necessary atonse 5° The gartingsmaterial to
introduce the at @R 2N, OW) may be many¥phaseous sub@ance df gasifiable
subst ance conposed of any of oxygen, carbon, and nitrogen. Exanples of the-
starting material saused to introduce oxygen atons (0) include oxygen (02),
azone (03), nitr &h di oxi de (N®2), nitrous oxide (N20), dinitrogen
trioxfde (N203), (gi%u..t rogen tetraoxi de @\204), diniteogen psntoxide [err]
and nitrogen tri i [er®] Additional Exanples inclQide | or sil oxanes
such as di si,l_,oxargg’e'rr] and trisil oxane
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10 [err] which are conposed of silicon atons (Si), oxygen atons (0), and
hydrogen atons (H). Exanples of tEP02481302Bd naterials used to introduce
carbop,atgms include saturated hydrocarbons having 1 to 5 carbon atoms such
as nethane (CH4), ethane [err] propane [err] n-butane [err] and pentane
[err] ethylenic hydrocarbons having 2 to 5 carbon atons such as ethyl ene
[err] propylene [err] butene-L [€rr] , butene-2 [err] isobutylene [err] and
pentene [err] and acetyl enic Bé‘_ghydrocar bons having 2 to 4 carbon atons
such as acetylene [err] net h)éggﬁetyl ege [err] and butine [err] Exanples
of the®starting materials used @8 introduce nitrogen atons include nitrogen
(N2), ammonia [err] hydrazi neé‘(S@NNHZ), hydr ogen- asi de (HNa), amoni um
aside [err] nitrogen trifluoride [err], and nitrogen tetrafluoride (F4N).
For instance, in the case ofgfdning an IR layer constituted with

A- Si Ge¢HX) containing the grdub bl | 20x atons or group V atons by using the
-gl ow di scharging, sputterindgd o & on-plating process, the starting materi al
for introducing the group Il,ﬁ“gcgggroup V atons are used_together with the
starting material for formng A-§ Ge(HX) upon formi ng the | ayer constituted
with A-SiGe(H X) as describedgBove and they are incorporated while
controkd i ng the amount of them®@to the layer to be forned. Referring
specifically to the boron ato én‘trodum’ ng materials as the starting
material for introducing the roup Il atonms, they can include boron
hydri des such as [err], and w| and boron halides such as [err]. In
aqdition, [err], and the lik %&h al so be menti oned. Referring to the
starti Py material for introducifig the group V atons and, specifically, to

t he phosphorus atons introduci material s, they can include, for exanple,
phosphorus hydrides such as [er§% 30 &nhd phosphorus halides such as [err],
and [err] In addition, [err] [é8@ can also be nentioned to as the

ef f ect i,‘,sve starting maQri al for“t:ntroduci ng the group q\’/ at ons.

4+

—~
3 o < 3
0 £ o
) ) 3]
[ L.
= s
o o
ol x
0w~ >y
0 ~ ~
@ 2 2 o
o o 0
Lés 33
3 00c o 9 W O M
4 M 0O 0 & O
Y X 9 H O
4 (4] M
o5
Q o
-t ® 0 < X
40 gu
—t
[ S -
o o P
H 0 o
-~ &>
20
pu H @
T
- O
w oo
ted @
B M et
A OD x
R
50 e B
HoLO
55



As mentioned above, the.light receiving |ayer of the |ight receiving nmenber
of this invention is produced bR e4glo2Bti scharge process or sputtering
process. The anount of germaniumatons ; the 35 group IlIl atoms or group V
atons; oxygen atons, carbon atoms, or nitrogen atons; and hydrogen atons
and/ or hal ogen atonp inthe IR layer is.controlled by regulating the flow
rate of the starting materials entering-the deposition chanber. The

condi tions upon far.gi'&ig tfe IR | ayer of he |ight reReiving@menber of the
invention, for exgifl®, tfMe tenperature of the support, the®gas pressure in
t he d&position ch#fer, and the electric discharging 40 power are
inportant factors for obtaining the |ight receiving nenber having desired
properties and th%/gqie ph(iperl y sel ect euq whi | e considering_the function of
the layer to be nagdg.m Further, since thase | ayer foreing cofditions may be
vari eg depending @hatde kihd and the anmgint of each &f the &toms contai ned
inthe IR layer, thf&onditions have to be deternined al so taking the kind
or the anount of th®& atons to be contained into consideration. 45 In
the case where the |ayer of A-SiGe(H X) is to be formed or the layer of

A-Si Ge(H, X) contain@ng oxygen atons, .car§on atonms, nitrogen_atons, and the
grouprsl I | atons Ofy g‘r@up atons, is toiBe formed, tde ten’pSrature of the
support is usually om 50" to [err], pré'i‘erabl y, frdms0 tf[err] nost
suitably 100 to [erg] the gas pressure in the deposition chanber is usually
fromO0.01 to 5 Torg Y preferably, from0.001 to 3 Torr; npst suitably from
0\l to 1 Torr; ancg-gug el getrical dischggging power Us usuglly from 0.005
50 %% 50 [err] ey Qeram y, fromO0.01%wo 30 WcnR,wnost p‘geferably, from
0.01 to 20 Wen?. ver, the actual conditions for formng the |layer such
as terrperatur“é of & §e support, discharging power and the gas pressure-in
the depositi ¢h ch®Ber cannot usually be determined with ease i ndependent
of each otherf Accordingly, the conditions optimal to the layer formation

are _dzessi rabl y* det er miled basgd oprel ative -organi ¢ rel ationships for
form ng the amorphoug mat @ i@l S @ye@ ha@ng: &@s@red Prorerieeg. 9o By
the way, it is necessary % the fer ego#ng varmous rcomndi ti one ase kept
constant upon form n%the I ~
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| ayer for unifying the distribution state of gernmani um atons, oxygen atons,
carbon atons, nitrogen atons, the Epr®249 302IB1at ons or group V atons, or
hy.dr ogen at ons and/ or hal ogen atons to be contained in the |ight receiving
| ayer according to this invention. 20 EP 0 249 302 Bl Further, in the
case of formng the IR |ayer conprising germni um at ons, oxygen atons,
carbon atons, nitrogen atoms, or §he group Il atons or group V atons at a
desired distribution state in §hegdirection of the layer thickness by
varying their distribution conBehpratioff in the direction of the |ayer
t hi ckess upon fornming the IR IB¥eR in this inventtion, the layer is forned,
for exanple, in the case of thg@Fow discharging process, 5 by properly
varying the gas flow rate of gaggous starting material for introducing
germani um at oms, oxygen atom@ @prbon atoms, nitrogen atons, or the group
Il atqys or group V atons ugon gtrodugi ng into the deposition chanber in
accordance wth a desired vam ata coefficient while maintaining other

Lo O W . g
conditions constant. Then, tkeus@ag flow rate may be varied, specifically,
by gradual ly changi ng the op'e*n? g'"'degr ee of a predeterm ned needl e val ve
di sposed to the midway of the gasdflow system for exanple, manually or any
io of eéher nmeans usual |y enpl p8 such as in externally driving notor. In
this case, the variation of th®Bow rape may not necessarily be linear but
a desired content curve may bej&gai ned, for exanple, by controlling the
flowrate along with a previ ouglyg§desi gned variation coefficient curve by
vgi/ng a mcroconputer or the IR ke® Further, in the case of formng the IR
| ayer B9 means of the sputteri n@ process, a desired distributed 15 state of
t he germani um atons, oxygen atows, carbon atons, nitrogen atons, or the

.groupIII atons or °e o
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group V atons in the direction of the |ayer thickness may be formed with
the distribution density bei ng \epro 249 302 Bthe direction of the |ayer :
thi cknegss by using gaseous starting material for introducing the germanium
at ons, oxygen atons, carbon atomnms, nitrogen atons, or the group IIl atons
or group V atons and varying the gas flow rate upon introducing these gases
into the depositionschanber in accordance with 20 a desired variation
coefficient In the $ahe anmwereasot he case of using the gl ow di scharging
process. Preparati of Hf Surfad® L8yer Thessurfase layBr 104 i the |ight
recei¥ing nenber fo se i ngl ectrophot o® aphy %ccordsng to this 25
invention is consti ed wifh aor phous material conposed of [err]

whi ch contains 41 t ‘0 at ¥ Y% ®Bf hydrogen atons and i s di sposed on the
above- nenti oned photoconductive |ayer. The surface |ayer can be properly
prepaped by vacuum depositgongmeghog utilizing the djscharge phenonmena
such as gl ow di scharggng, sputterPngnor ign pl @ing vwerein wel evant

gaseous starting matq_-n‘i al s QO -h-are‘sel ectvelyused a® well & in the
above-nenti oned cases for p#Hep: rigg glne phot oconducti ve | ayer. However, the
gl ow di schargi ng net hod or "s’pu tefing nmethod is suitable since the control
for tge condition upon preparing the surface |ayer having desired
properties are relatively e3sy@ a8d hydrogen atons ang carbon atoms can be
i ntroduced easily tod@ther witfl sTlicon &onms. &he gl®Bw di sclfargi ng net hod
and the sputtering mgthod ngy kg used todgdther Pn on Pdentic&® system 35
Basi cal |y, when a |ayer corigtiButg¥ with [err] is formed, for exanple, by
t he geow di schargi ng nmet hod, gaseous starting material capabl e of supplying
silicon atons (Si) are intrgdugedgstogether with a gaseous starting nateri al
for introducing hydrqgen atdns( and/ org hal oggn -at (X) ito a

deposi ti on chanper tO~g i nsdi g lE)’rtl;gsure of‘?}Mi c%can égsreduc%g,‘ gl ow

di scharge is gewerat in tge gep ition chanber, and a |ayer constituted
with Ferr] cont ai ni ng 41wt o®70mat om ¢ % of 40 hydrogen atons is forned
on the surface %f a substrate placed in the deposition chanber.
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As for the gaseous starting materials for supplying silicon atons (Si)
and/ or hydrogen atons (H), the salp q2e98028inmaterials as nmentioned in the
above cases for preparing photoconductive |ayer can be used as |ong as they
do not contain any of hal ogen atons, nitrogen atons and oxygen atons. That
is, the gaseous startdng material usable for formng the surface |ayer can
i ncl ude al nost anysi @d 45 of gaseous or gasifiable materi al s as far as it
contains one or noB&Ei nds Sel 68t edSf r ol si I8 cone at oms,®hydr ogen at ons and
carbon atoms as thg&®nstituent atons. Specifically, for the preparation of
the sur’face Iayer,mi:’,tvi S pogsible tg use a mxtuge of, g@seous starting
mat eri al cont ai ni ng-asi licorm atogs (&) ds the cqhisti BuePt, atons, gaseous
starting material cd@gaini ®y cagbonSato®s (@ asStheggpbdtituent atons and,
optionally, gaseous artimg material cohtaithi ng? hydﬁsdﬂén atons (H) so as
the copgtituent gjorgs in a desired mixing ratio, a nmixture of gaseous
starting material@cghtaining silicon atons (Si) as the constituent atons
and gaseous starting gaterigl cgntapni ng cardpon @tons (£) and hydrogen
atonms (H) as the 2qQffsgi tuent atons also in a desired mxing ratio, or a
m xture of gaseols°$arting nmaterial containing silicon atons (Si) as the
consti taient at ons, Ynd gaseous starting material conprising silicon atons
(Si) in the gl ow8lkschargi ng process as descri bed above. 55 Those
gaseous starting @Bfe¥ial s ¢ hatoareoeffacti vel y asabl e derein can incl ude
gaseous silicon Hy#rd&es containing carbon atoms (C) and hydrogen atons (H)
as_t he constitue "&®Oms, such as silanes, for exanple, [err], as well as
t hose @dnt ai ni ng cérobgn atons (C) and hydrogen atonms (H) as the constituent
atons, for exanpl ey ::sgturated hgdrooarbens of 1 eo 4 carbon atons,
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hydr ocarbons of 2 to 4 carbon atons and acetyl enic hydrocarbons of 2 to 3
carbon atons. Specifically, theERat2498028B1hydrocarbons can i ncl ude net hane
(CH4), ethane [err], propane [err] n- butane [err] and pentane [err] the
et hyl eni ¢’ hydrocarbons can include ethylene [err] propylene [err] butene-1
[err] butene-2 [err] isolytyens [err] and pentene [err] and the
acetylenic 5 hydrocarbongc#h ifclude acetylene [errg net hyl acetyl ene (Cs
H4) and butine [err}8 The gaseous. startin@ mater@al cdBtainin@ silicon atons
(Si), carbon atons ) angghygrogen atom® (H) &8 the f@onstituent atons can

i ncl &de silicided alkyls, or-;,;e le, [err] and [err] In addition to
t hese gaseous starting nmaterials, Hg can of course be used as the gaseous
starting material for introducin drogen atons (H). 10 In the case of

form ng the surface | ayer dy gay Qo the sputtering process, it is carried.

out by using a single crysdalmorTpal ycrystalline Si wafer, a _C (graphite)

wafer or a wafer cofaining a niR e of Wi . an@C-as % targetgand

sputtering themin & desirgt gaspatgrosphéte. Ir1"the cBse of using, for

example, an Si wafer as ajfar§et N & gaseous starting material for

i ntroduci ng carbon atons (C) Is inttoduced while being optionally diluted

wthsa dilution gas such as Ar and He into a is sputtering deposition

chanber thereby formng g pRasnmas with these gases and sputtering the Si

wafer. Alternatively, in tfe wase of usi Si d C ag indiviglual targets

or as a single targ§ conprising Si and |n aN xturg, gasesus starting
terial for introd@ing hglirogen atomns 38 the Sputtering gas is optionally

diTuteed with a dilution gag, Entroduced into a sputtering depositon chamber

thereby form ng gas plasmas and spOitering is carried out.. As the gaseous

starting material for introduci n§ &ch of the atons used in the 20

sputtering precess, those Rasfou SRarting miterials used in the glow

di schargi ng process as des®rif®edgaldbve ngy be uged asgfhey arg. The

condi®i ons upom for @ ng the‘_surf g‘;layeﬂﬂconstgt ut edgwi t h arf anor phous

mat eri al corrp(ﬂed ofe A- [el:sr] ~ h contains 41 to 71 atom c % of

hydr ogen atomse,. for exarrpla tehee etrperature of the
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substrate, the gas pressure in the deposition chanber and the electric

di schargi ng power are inportant 25EP0248802Bfior obtaining a desirable
surface | ayer having desired properties and they are properly sel ected
whil e considering the functions of the |layer to be forned. Further, since
these | ayer form ng gonditions may be varied dependi ng on the kind and the
amount of each of@thg atons contained in the |ight receiving |ayer, the
conditi ons have t eternined gl so taking -the kind or the anount of the
atons t@ be conta?;nte):g ognto glgnsi dgrati%n. 3@8 © Spegifi cally, the

t enper ature of tmn-s,gtzstrate is preferably from50 to [err] and, nost
preferably, from1G°td 300 C. The gas pressure in the deposition chanber
is preferably fromO0.Q¥ to 1 Torr and, nost preferably, fromO0.1 to 0.5
Torr. Further, the ,h&trical discharging power is preferably from10 to
1000 Won2, and, m@shprefergbly, ;from20 tp 50Q WcgR. However, the actual
conditions for for?ﬂag;the surface | ayer such as the tenperature of a
substrate, 35 dis rgi ng power and the gas pressure in the deposition
chanber can not usdafil®y be determined with ease i ndependent of each other.
Accordingly, the congitions optimal to the formation of the surface |ayer
are desPrably deternfned based on relative and organic relationships for
form ng the surface fayer haying gesirged prpperijes. jThe invention will be
descri bed nore speci@i®ally whirle referring to exareres 1 through 30, but
the 40 invention isgrg) way |imted only to these exanples. In each of the
e&-a’rrpl 92% the light Teceiving | ayer conposed of an anorphous material was
formed by using the gltbw di schargi ng process. Figure 24 shows the apparatus
for preparing the 1igl® recefPving®nmentf®er a&ordPng t® this invention. Gas
reservoirs 242, 24039 2404, 2405, and 2406 illustrated In the figure are
charged with seous starting materials for formng the ra@spective

| ayers sn the~ight sexei ving nmenber for .use in.electrophotoga raphy
according to his i ngéhtion, ethateis, dor ienst asce, gerr] gas S 99.999%
purity) in thE reser§&r 2402, [err] = ! :
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gas (99.999% purity) diluted with H2 (referred to as [err] in the
reservoir 2403, H2 gas (99.9999%Pp24989dBInNn the reservoir 2404, NO gas
(99.999% purity) in the reservoir 2505, and CH4 gas (99.99%purity) in the
reservoir 2406. 50 Prior to the entrance of these gases into a reaction
chanber 2401, it is confirngd that val ves—2422=2426 for the gas reservoirs
2402- 2406 and a | eak val ve 8435 are cl osed and éﬂg inlet valves 2412-2416,
exit valves 2417-24218 afid Sud- Bl Res 2432 and 3 are opened. Then, a

mai n val ve 2434 s at"'fl r st apened™ o evacuate the 4nside of the reaction
chanb&r 2401 anoﬁgas gpmqﬂ» hen, upon beserﬁ ng that tfe reading on the
vacuum 2436 becdfe abgut 5 J@E\erg] eTorr, the™sub- %5 vl ves 2432 and 2433
and the exit valves 2£17% t hr geigh 2921 are closed. Now, referen&eﬁu% made to
t he exanple shown in Figur +w(A) in the case of form ng the;np

receiying layer on an Al csilﬁlder as a substrate 3437. 22 §§ _@g&g 302
Bl At first, SiH4 gas°from8|fé @smreservmr 2402, B2H6/ H2 gasgf‘fﬂ t he gas
reservoir 2403, herr] "gas f3cénh t he®gas reserveir 2404, apd Mggeﬁ omt he
gas reservoir 2585 arescausgdito flow if8o mafs flaw control éi)

2408, 2409, and 2410 Hespech eley gy opening the inlet val veoso AE 2413
2414,1sand 2415, controlling the pressure of exit pressure g X827,

2428, 2429, and 2430 to 1 kg/gn?. 5 Subsequently, the exit valves 2417,
2418, 2419, and .2420, and t@e§sub-val ve 2432 are gradual ly opened to enter
the gases into the re&ctl org chabelR 2401. In this case, the exit valves
2417, 2418, 2419 and™420 ‘Arg adj fsted 0 aseto atdain @& desired val ue for

the r#tio anong She [g@] ge\gﬁlowrate &0 gad flowrate [err]
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gas flow rate, and B2Hs/H2 gas flow rate, and the opening of the main valve
2434 is adjusted while observing ERO 248302 B3 on t he vacuum gauge 2436 so as
to obtain a desired value for the pressure inside the 10 reaction chanber
2401. Then, after confirmng that the tenperature of the 2437 has been set
by a heater 2448 within a range from50 to 350 C, a power source 2440 is
set to a predeterm ned electrical power to egause gl ow di scharging in the
reaction chanber 2401 while co_gtrol ling the-|[ow rates of No gas and/or
B2Hs/ H2 gas in accordance wi thda previously #gsigned variation coefficient
curve By using a mcroconput erg(not shown)q@4fereby formng, at first, a
charge injection inhibition | a8%er 102 contz®Png oxygen atons and 15 boron
atoms on the substrate cylindggr 2437. \Wen the |ayer 102 has reached a
desired thickness, the exig valves 2418 and 2420 are conpletely closed to
stop [g{]r] gas and NO gas§irf g theydepsitign chanbgr 24901. At the sane
time, the flowrate of Sitg ¢h¥ and the flow rate of H2 gas are controlled
by regulating the exit val§¥88417 and 2419 and the |ayer formation process
is continued to thereby form asphotoconduc- tive |ayer w thout containing
bot h oxygen atons and boron atfns having a desired thickness on the 20
previously formed charge injehion i-nhibition layer. In the case of forning
a phot oconductive |ayer confidHi ng 8xygéh at®ns 8nd/ & boton atons, the
flowrate for the gaseous s{f £ing material to supply such atoms in
appropriately controlled i n8t%&d of closing the exit valves 2418 and/ or
2420. In the case where hal ogn atons are incorporated in the charge
i njectigdon inhibition layer 1 and the 25 photoconductive |ayer 103, for
exanple, [err] gas is fed int':'bgt he beactd on ehanber 2401 e¢n addition to the
gases as nentioned above. AneE gt is possible to further increase the |ayer
form ng speed according to thedkind of a gas to be sel ected. For exanple,
in the case where the charge igjection inhibition |layer 102 and the
phot oc8hduct i ve | ayer 103 are Rornee usieng [@rr] o ga® in &tead of the [err]
gas, the layer form ng ®peed c&n be increased so by a fewfold and as a
result, the layer produgtivity, can be enhanced.
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In order to formthe surface |layer 104 or the resulting photoconductive

| ayer, for exanple, SiH4 gas, [ecEpPlo2e3mp2®Id if necessary, a dilution gas
such as, H2, gas are introduced.into the reaction chanber 2401 by operating
the corresponding valves in the same nmanner as in the case of formng the
phot oconductive | ayer and gl ow di scharging is caused therein under

predet ernmined conditions to tHreby formthe surface layer. 35 .I'n that
case, the amount of the cgrbo@ atogsg 0 be incorporated in the surface

| ayer can be properly corfirol §dshd Sopropriately changing the flow rate
for tfe SiH4 gas and that for thp ferr] gas respectively to be introduced
into the reaction c@anber 2401. As for thegnountg of ghe hydrogen atons to
be incorporated in ghe surface [@yer, it cih be Popegly controlled by
appropriately changrng thgrfl g®-gate of the H2 gas to be introduced into
the regaction chanber 24018 40 &~ & @ 14 of the exit valves other-than those
required for upon formng the respective |ayers are of course cl osed.
Further, upon formng the respective |ayers, the inside of the systemis
once evacuated to a high vacuugn degree as required by closing the exit

val ves 2417 through 2421 g,hi I eg.e-nti rg,l y opening the sub- valve 2432 and
entired y openi ng the nmai maval e 2844 Furt her, during the layer formng
operation, the A cyIinde'F' as SuBsfrSte 2437 is rotated at a 45

predet erm ned speed by the actiom of the notor 2439. d&xanple 1 A |light
recei ving nenmber fof use in el ecErophotogr &hy h&ingha 1igRt receiving

| &yer 100 di sposed Bn 50 <an Algcylinder faving™ mPror grinded surface
was pfepared under the | afler fr&i Bg «onditions shown in Table 1 using the
fabrication appratus showf i nPFiGufe®™4. And, a sanple having only a
surface layer on the sane kind Al cylinder as in the above casé was’
prepared in the sanme manner fg§ formng the surface |ayer in the above case
usi ng 5the sang kind fabricati % apparatus as that shown in Figure 24. 55
For tfe resul®ng Iight r@cei 8 ng* fe@er (hereinafter, this kind |ight
recei ving mener is referred tb gsn @ .
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“drum ), it was set with the conventional el ectrophotographic copying

machi ne, and el ectrophot ographi c EPMQ248882Bstic s such as initial

el ectr; fication efficiency, residual voltage and appearance of a ghost were
exam ned, then decrease in the electrification efficiency, deterioration on
phot osensi ti vi ty and increase of 23 EP 0 249 302 Bl defective inmages
after 1,500 thousand tines E.epeat ed shots were respectively exam ned.
Further, the situationofoad T I¥age flow on the drum under high tenperature
and hi gh hunidity at mosph2r® Ht o[&r] and 85% hunidity was al so exam ned.

As for °the resulting sanple, ‘ﬂpper part, mddle par t and | ower part of its
i mge form ng parg were cut 52 of f, andgwere gngaged in quantitative

anal ysis by the nventl onal grganl c element Anal yzer to anal yze.the
content of hydrogen atgmn Qf the cut-off parts. The results of the
varioug, eval uations an Iea r*esal F:s of the quantitative analysis of: the
content of the hydrogen atonms are as shown in Table 2. As Table 2
illustrates, considerable advantages on itenms of initial el ect_glgfl gatl on
efficiency,geffective image flow and sensitivity deteriorati on®

acknow edgE 10 Conparative Exanple 1 Except. that the |ayer fgens g

condi t kons Bhanged as shownE| n Table 3, the drum and the sanpl' &te made
under the sHne fabricatd on gpn,a{,agus and manner as Exanple 1 a@gd p&re

provi ded to8exani ne thé& 15 Safedi fens. The results are shown iQErakle 4. As

[o]

the Table 4~illustrates, mmrh®defects on various itens were ackpdPdged
oq_rypared t ot he Gase of Exarrpt‘e 1. . o Q- m 23D e§
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Example 2 20 A light receiving menber for use In el ectrophotography
having a light receiving |ayer 1e®o@48pozsBd on an Al cylinder having a
mrror ,pl gne surface was prepared under the |layer form ng conditions shown
in Table 5 using the fabrication apparatus shown in Figure 24. And a sanple
having only a surface |layer on the sane kind Al cylinder as in tRhe above
case was preparedyi rf@the sane manner for formng the surface |ayer in the
above case using @ hedsane kind 25 fabrication apparatus as that shown in
Figurg 24. For tﬂ? rg%ylting | i @ht recei vOng nenber® (hereinafter, this kind
| i ght “recei ving Q?Eggg%is referred to as "drum'), it was set with the
conventional ele t ographi ¢ copyi ng machi ne, and el ectrophot ogr aphi c
characteristics such gg initial electrification efficiency, residual

vol tage and appearangd} of a ghost were exanined, then decrease in the

el ectyi fication effii@i®ency, deterioration on photosensitivity and increase
of 30 defective i @5 after 10500 ®hous@nd ténes @ epeated shots were
respectively exam #m Further, the situation of an inmage flow or the drum
under hi gh tenpera BE and hi gh hum dity atnosphere at [err] and 85%
hunmidity was al so Ex¥M ned. As for the resulting sanple, upper part, niddle
part &nd | ower part gf its image formng part were cut off, and were
engaged in quantitatgdve anal ysis by the conventional organic el enent

anal yzer to anal yze bhee 35econtent ob hydoogeneator® in each of the cut-off
parts. The results ofy @he various evaluations and the results of the
guntitative anal ysi& Hf the content of the hydrogen atonms are as shown in
Tabl e2%6. And the contgnt profiles of boron atoms (B) and oxygen atoms (0)
in the thicknessw se cgrect'j on iﬁn thg chagge igjectgon inhibition layer are
shown in Figure 27. A Table 6 illustrates, considerable advantages on
itens of initisl electTification efficiency, defective 40 i e flow and
sensi £s| vity degerior@teon were acknow edged. Exanple 3 (cont& ning
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Mul tiple drunms and sanples for analysis were provided under the sane
conditions as in Exanple 1, 45 ex@&po249802@inditions for form ng a surface
| ayer, were changed to those shown in Table 7. As a result of subjecting

t hese drunms and sanples to the sane eval uations and anal yses as in Exanple
1, the results shown in Table.8 were obtained. Exanple 4 50 Wth the | ayer
formng conditions for a phot®conductive |ayer changed to the figures of
Table 9, multiple druns Ravirg { &ighg receiving layer under the sane
conditi ons as I'n Exanpl e~1 wer egprovi ®ed. These drunms were exam ned by the
same prlocedures as in Exanple ® The results are shown in Table 10. 55
Exanple 5 Wth thed ayer form ng conditions for a charge injection

i nhi bition I ayer cipnged to theSfigures of Zable &1, mW tipleRruns having
a light receiving | ayer yMdery “’tae sghe condPtions*as i Exanpl® 1 were
under the 24 EP 0 2497302 £81%sg@n# #onditions as in Exanple 1 were

provi ded. These druns were exam ned by the sanme procedures as in Exanple 1.
The results are shown in Tablg 12. Exanple 6 5 Wth the layer formng
conditions for a charge injeddi.on inhibition | ayer changed to the figures
of Table 13, nultiple dr Rms BawEnd | &i ght receiving layer under the sane
condi tizons as in Exanpl e™1 wé&t & provi Qed.
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These drunms were exam ned by the sane procedures as in Exanple 1. The
results are shown in Table 14. 1gpot24emp2817 The mrror grided cylinders
were supplied for the grinding process of cutting tool of various degrees.
Wth the patterns of Figure 25, various cross section patterns as described
in Table 15, multiple cylinders were provided. These cylinders were set to
the fabrication apparatus of B gurg 24 accordinglyw and used to 15

produce drums under the saney @ odufiti on condltwnﬁ of xanple 1. The
produced drums are eval uat Qcﬁsﬁ 18 Lhe conventl dh 1% eI@ﬁtrophot ogr aphi c

copyi fig machi ne having gigftg BExpogire fu;,l (ﬁu,5| ng sem conduct or

| aser of 780 nm wavel enﬁ Igeugagurjts ©on Table 16. Exanple
& r@h @ processed by
L gl

)
8 20 The surface of mr 0 i nder

dr oppi ng many bearing bél g%gg g?ﬂ cyl |§ & Sa pattern as shown
in Figure 26 and of cros§£§ 1910 p tern %- Were pravi ded. These
cylinders were set to tge al adh f g @ 24 accordingly
and used for the produc-ﬂf&ﬁ"’(’)g rafiew under 3%@@ e RcofidBt i ons of Exanpl e
1. The produced drunms aﬁe:&vﬁﬁ,ﬁf&dﬂ)y t hel) b2 '%% S &Y r ophot ogr aphi ¢
copyi ng machi ne as usedgl.ﬁiﬁ rege, The B ﬁlg'gﬁvé‘%,a% shown in Table
18. Bxanple 9 Alight r % gifer forBdsH 5 5 *r phot ogr aphy havi ng
a light receiving | ayer on 30 'E having a mrror
pl ane surface was prepage@ Iayer 'g 'g@ |ons shown in

Tabl e 19 using the fabrj, catl on appar at us ovvn In Figure 24. And, a sanple
hQui ng only a surface Igyer on the sane k|g1d Al cylinder as in the above
case #as prepared in the sane manner for formng the surface |ayer in the
above case using the sane kind fabrication appratus as that shown in Figure
24. 35 For the resulting light receiving nenber (hereinafter, this kind
of light receiving nenber is referred to '
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as "drunt), it was set with the conventional el ectrophotographic copying
machi ne havi ng digital exposure fUERORENI02BII usi ng sem conduct or | aser of
780 nm,wavel engt h, and el ectrophot ographi c characteristic such as initial
electrification efficiency, residual voltage and appearance of a ghost were
exam ned, then decrease in the electrification efficiency, deterioration on
phot osensitivity gandincrease of defective imges after 1,500 40 thousand
times repeated sitsiwere respectively exanmined. Further, the situation of
an image flow on @ heg & um @nder ohi ght enperat @ e aRd hi8h hunidity

at nosphere at [ergl“ E 85% hum dity was al so exam ned. As for the

resul ting sanpl e upg part, mddle part and | ower part of its inage
forming part were cut ppff, and were engaged in quantitative analysis by the
conventional organi gy4&) ement anal yzer to anal yze the 45 content of
hydrogep atoms in g of phe cyt-ofd pargs. phe rgsultg of the various
eval uations and thggﬁults_of the quantitatiye analysis of the content of
t he hydrogen at ons g2t @ as shown in Table 20. As Table 20 illustrates,

consi der abl e advanﬁa’gcﬁs on items of initial electrification efficiency,
defective i mage 18w &hd sensitivi ty deterioration were acknow edged. 50
Conpar ati ve Exanpl e 8 Except that the layer fornming conditions changed as
shown in Table 21, tje drum and the sanple were made under the sane
fabrication apparatug@nd @annef as Exan® e 9%nd ®ere Provided to exam ne
the same itens. Theggults are shown in Table 22. As the Table 22 _
i\Justrates, nuch d ts on various itens 55 were acknow edged conpared to

the cas® of Exanple 94 25 EP 0 249 302 B1
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Exanple 10 A light receiving menber for use in el ectrophotography having a
light receiving |ayer 100 di spo&EP0249302BY cylinder having a mrror plane
surface was prepared under the layer formng conditions shown in 5 Table
23 UuSi ng the fabrication apparatus shown in Figure 24. And, a sanple having
only a surface |layer on the sanme kind Al cylinder as in the above case was
prepared in the sanme mann@ for formng the surface |ayer in the above case
usi ng the sane kind g} f ar ie agglgngppparat us as that shown in Figure 24.

For the resulting.light recgtving menmber (hereinafter, this kind of Iight
recei¥ing nenber is referre“to 10 as "diynt), dt wWRs set with the
conventional el e§trophot ogr awhi ¢ copyi ngyimachl M hayi ng digital exposure
functions and us@Bng seni conalictor | aser of 780 nm vvavel ength, and

el ectrophot ographi c offar agfehi st imts such as initial electrification

ef ficjency, residual Hol taﬂeﬁaﬁd&a[ﬂ)ear ance of a ghost were exam ned, then
decrease in the electrification efficiency, deterioration on
photosensitivity and increase of .defective inmages after 1,500 thousand
times repeated shots were § espectively exam ned. 15 Furt her, the
situation of an imgegflo lt,,hg, @ um under high tenperature and hi gh

hum dist y at nosphere a-b [erg]ﬂand Wohum dity was al so exam ned. As for the
resul ti ng sanpl e, upper part® medl e part and | ower gpart of its imge

form ng part were» cut off, and wefe engadgd in Quanftati v anal ysis by the
conventional org&ic el errent ::anal yzer to @nal yzd t hé& conte®® of hydr ogen
atoms in each of T he o-ut offg?art The results of the various

eval u#tions and the rBsul t&" antl tative analysis of the content of
t he hydrogen atons ar® as Ahows i Ilqf‘ajlbl e 24. And the content profiles of
boron atons (B) and oxygen atons (0) .in the thicknessw se direction in the
charge injection inhibitiog [ayer and content profiles of germani um atoms
(Ge) inh the IR layer are sgoym in Figure 28. As Table 24 illustrates,

consi fer ablme advant ag§ orgl g;l'ﬁs ?Jf initial electrification efficiency,
defective o
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25 image flow and sensitivity deterioration were acknow edged. Exanple 11
(cont ai ni ng Conparative Exanpl e 4EP M249B92 B1druns and sanples for anal ysis
- were provided under the sanme conditions as in Exanple 1, 30 except the
conditions for forming a surface l,ayer were changgd to those shown .in Table
25. As a result of subjecting th :ge drg/pg; and sml Pt he sane

eval uations and analysis as in g%the r%uﬁgmq;hﬁwn in Table 26
wer e obtained. Exanple 12 35 Wt hg? gyer forrfg 8¢, BEnditions for a

phot oconductl ve |ayer changed taqg ""fé W es of 8D, nultiple druns
having®a |ight receiving |ayer ugq,eg"’tﬁ,ﬂ %Sane cq,ndlagﬁrﬂsgas in Exanple 9
were provided. These drunms were #2388ned Hy the BAFE® arpfedures as in
Exanpl e 1. The results are shown, i, 3dbBa 28. 4Q, xwadPl%el13 Wth the | ayer

formng conditions for a charge &gG®EFHE i nhi bidE&ET GdyBr changed to the
figureg of Table 29, nultiple dru ch@lfing a |i §de"6 ¥i ng .l ayer under
the sanme conditions as in Exarrpl y ‘Eﬁow degi§ D@ @ uns wer e

exam ned by the sane procedures 3% 88 | e 1§§@§é}3f{s are shown in
Tabl e 30. 45 Exanple 14 Wth thegliay8 Baming &og ¢ | Jor a charge
injection inhibition |ayer changég 235%% gur m%Z%%;E@ 31, multiple
drums having a |ight receiving | ayef gungdergthe sg §gr1d ons as in

Exanpl e 9 were provided. 50 Thesg§4ug#gssvkke ex@‘g tﬁ/-"-'@e same
procedures as in Exanple 9. The results are shown in Table 32. Exanpl e 15
Wth the layer formng conditions for an IR | aygr changed to the figures of
Tabl e 33, nmultiple.drunms 55 havi*hg a light recei*ving | ayer under the sane
conditidns as in Exanple 9 were provided. These druns were
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exam ned by the sane procedures as in Exanple 9. The results are shown in
Tabl e 34. 26 EP 0 249 302 Bl ERXOM8s802®1Wth the | ayer formng
conditi,ons, for an IR |l ayer changed to the figures of Table 35, multiple
druns having a light receiving |ayer under the sanme conditions as in
Exanpl e 9 were proyided. These druns were 5 exam ned by the sane
procedures as i%h Exanple 9. The results are shown in Table 36. Exanple 17
The mrror ground yél nders were sg,opl ied for the grinding process of a
cutting-tool ofuva§ gre& Wtf?the att&ns & Fi gure 25, various
Cross section r s as described in Table 37 nultlple cylinders were
provi ded. Thesé"l Mr'hders were set to the fabrication apparatus of Figure
24 accordingly, andsnsed to produce drunms under the same production

condi tions of Exangl-.e 9. The produced druns are evaluated with the
converd i onal el e hot ogr aphi ¢ copyi ng machi ne having digital exposure
functions and usith§Xen ®ndu®or %ser ©f 780 nmPwavePength. The results
were as shown |n0T l:ge 38. 15 Exanple 18 The surface of mirror ground
cylinders were dgngl@ processed by dropping lots of bearing balls. Miltiple
cylinders having—a 'p Mttern as shown in Fi gure 26 and of cross section
patterin of Table 39 were 20 provi.ded. Thesé cylinders were set .to the
fabrication apparafus of Figure 24 accordingly and used for the production
of drunms under theosgrre odndi t@ ons @f BEXanpl @ 1. Bhe pLoduced druns are
eval uated by the '“3
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sanme el ectrophot ographi ¢ copyi ng machine as used in Exanple 17. The results
were as shown in Tabl e 40. Exanpl EPIR2483302 B1li ght recei vi ng nenber for use
“in. el egtrgphot ography having a light receiving | ayer 100 di sposed on an Al
cylinder having a mrror plane surface was prepared under the |ayer form ng
condi tions shown in Table 41 using thg fabrication apparatus shown in
- Figure 24. And, a sanple having onl y»@ s@ face |ayer on the same kind Al
cylinder as in the above case was 30g gof @par € i n-t he Same®manffer for
formng the surface layer in the abdv& tase using the same kind fabrication
apparatus as that shown in Figure 249 Fbr the resulting |light receiving
mermber (hereinafter, this kind |ightgrégei ving menber is referred to as
"drumt), it was set with the conventfon® el €€t roBhot &raphi c Copying
machi ne having digital exposure funcgiof® and using sem conductor |aser of
780 nmywavel ength, and el ectrophot od? &hi"c characteristics 35 such as-
initial electrification efficiency, resi@ual voltage and appearance of a
ghost were exanined, then decrease in,t$& electrification efficiency,
deteriorati on on photosensitivity andS a@rease of odefective i mages safter
1,500 thousand times repeated shots wi&ar espectively exanmi ned. Furg her
the sitmation of an inmage flow on thebd §m under hi gh tenperature d high
hurmi dity atnosphere at [err] and 85% Ruti™ity was al so exami ned. 40; As
for the resulting Banpl e} upper part, rfddle part and | ower part offits
i mage formng partSwer'e But off, and wéle engaged in quantitative anal ysis
by_t he conventional organic el enent anag$zer 2o aflali Pe th® cofft enty of
hydrogéh atons in gach of the cut-off pfggts. The results of the varg ous
eval uations and thg r8sulits of the quafiTtative analysis of the codtent of
the hydrogen atoms™are as shown in Tabl e®42. As Table 42 illustrat &,
consi derabl e advantages on items of 45 Bniti%l ePect®fichti ol ef f§ciency,
def ectiye infge flnggnd:sensitiﬁﬁty det&ioration were acknomdedggg.
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Conparative Exanple 5 Except that the |layer form ng conditions changed as
shown in Table 43, the drum and gphe2sa302 B1 wer e 50 made under the sane
fabrication apparatus and manner as Exanple 19 and were provided to exam ne
the sane itens. The results are shown in Table 44. As the Table 44
illustrate, much defects on various itens were acknow edged conpared to the
case of Exanple 19. Exanple 20 55 A |ight receiving nenber for use in

el ect rophot ography having a |igh@g@ediving |ayer 100 dj sposed on an Al
cylinder having a mirror plane s@r wa¥ pre%areﬁ under t Re | ayer form ng
condi §i ons shown in Table 45 usifgHrHe fabrication apparatus shown in
Figure 24. 27 EP 0 249 302 Bl4Ang, a sanple having only a surface |ayer
on the sane kind Al cylinder as ¥ the above case was prepared in the same
manner for forming the surface | gye® $n tBe alPve fase Qsin8 the sane kind
fabri;{:}ation apparatus as that sh 'gl Figure 24. For the resulting |ight
recei ving nenber (hereinafter, tMe nd of light receiving menbgr is
referred to 5 as "drunf), it was wet with the conventi onal

el ect r ophot ogr aphi ¢ copyi ng machi&® havi ng digital exposure funcéi ons and
usi ng sem conductor | aser of 780 thEwBvel ength, and ele tro%hot ogr aphi c
charagteristics such as the begi $if&sel e®ri f?cat i%on e§fi ciency% residual
vol tage and appearance of a ghostd P exanined, then decrease in the

electrification 9f g ¢tency, deteriorgtion on the photosensitivi ty and
i ncrease of defe®tive 2
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i mges after the repeating use for 1,500 thousand tines were exam ned. 10
Further, the situation of an i nageEprd 249 302 Bfhe drum under hi gh tenperature
and hj gh noi sture atnosphere at [err] and 85% hum dity was al so exam ned.
As for the resulting sanple, upper part, mddle part and | ower part of its
image formng pant were cut off, and were subjected to quantitiative
anal ysis by the gonventi onal organic elenent anal yzer to exam ne the
content of hydr@gzl atoas wn each oé the cut-off parts. J5 . “The results
of the various wwauatiens and the @esults ofthe quantitative @nal ysis of
the cortent of dfe hydrogen atons are as shown in Table 46. And-the content
profiles of borrs) (B) and oxygen atoms (0) in the thicknessw se direction
in the charge im tion nhibition layer and jhe content profilgs of
ger mani um at ornsx ) insthe IR |aye¥ are show in Figure;28. AstTable 46
illustrates, cohgi-derabbe advantage® on itenms®of initial®elect refication
efficiency, defreetive 20 image flow and sensitivity deterioration were
acknow edged. Exagnple 21 (containi ng Conparative Exanple 6) Miltiple druns
and sanples for gnalysig were provigled under the same capditions as in
Exanpl e 19, 25R@pt the conditiong for fornfing a surfage | ayeR were’
changedsto those shown in Table 47. As a result of subjecting these druns
and sanples to ti@e sane eval uations and analysis as in Exanple 19, the
results shown igsTable 48 were obtained. Exanple 22 30 Wth the |ayer
form ng conditi®@sgfor @ photocondustive layeg changed t® the fegures of
Tabl e 49, mylti®e drumg having a I§ght recei Qi ng | ayer &inder tde sanme
condi ti*ns s .iBExanple 19 were provided. These druns were exam ned by the
same proced¥res?#s in Exanple 19. The results are shown in Table 50.
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35 Exanple 23 Wth the layer form ng conditions for a charge injection
inhibition | ayer changed to the EP @249c302@1 Tabl e 51, nultiple drunms having
a ,light receiving | ayer under the sane conditions as in Exanple 19 were 40
provi ded. These druns were exam ned by the sanme procedures as in Exanple
19. The results are shown in Table 52. Exanple 24 45 Wth the |ayer
formng conditions for a charge# njection inhibition |ayer changed to the

figures of Table 53, nultipl g}gnums having a |ight receiving |ayer under
S
&

the sane conditions as in Ex e 19 Were provi ded. These druns were

exanm hed by the sane procedu 8as in exanple 19. The results are shown in
Tabl e 54. 50 Exanple 25. Wt&8%8e layer forning conditions for an IR | ayer
changed to the figures of Tablg 55, nultiple drunms having a |ight receiving
| ayer under the same condit$omd as in Exanple 19 were provi ded. These druns
wer e 1gxam' ned by the sanme pfocdgdures gs in Exanple 19. The results are
shown'in Table 56. 65 28 HERS® 249 302 Bl Exanple 26 Wth the |ayer

form ng conditions for an ISY ¥er changed to the figures of Table 57,
mul tiple druns oy
&
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having a light receiving | ayer under the same conditions as in Exanple 19
were provided. These drunms 5 wer &Pax248 3021y the sanme procedures as in
Exanple 19. The results are shown in Table 58. Exanple 27 Wth the |ayer
form ng conditions for a contact |ayer changed to the figures of Table 59,
mul tiple druns io Maving a light receiving |layer under the same conditions
as in Exanple 19 w@re provided. These druns were exam ned by the sanme
procedures as in f¥gample 19. The rmesults are shown in Table 60. “Exanpl e 28
15 The mrror Pra@nk cylindersewere suppliee for the grindi n@ process
usi ng & cutting t®# of various degrees. Wth the patterns of Figure 25,
vari ous cross segligon patterns as described in Table 61, nultiple cylinders
were provided. Thggegcylinders wepe set to theyf abrication apparatus of
Figure 24 accordip@ ¥, “and used t® produce drufs under tI® sameTproduction
condi ti;pns of Exda@lz £9. The pro®uced druns aPe eval uat €l wit h®t he
convent i onal el ed® fophot ogr aphi ¢ copyi ng machi ne having digital exposure
functions and 20 using sem conductor |aser of 780 nm wavel ength. The
results were as sh@wm in Table 62. Exanple 29 The surface of mirror ground
cylinders were diggl® ® ocessed bR dripping | ofds of ball Searings. 25
Mil ti plie cylinder$®havihg a pattefn as shown i & Figure 26”and of cross
section pattern of ¢Tabl e 63 were provided. These cylinders were set to the
fabrication appaqggus of Figure 24 accordingly and used for the production
of drunms under thewsane conditions of Exanple .l. The produced druns are
o~ (=] . . (=) . o (=] .
e\@l uat ed by thetns e @ectrophot @gr aphi c copysang machi neaas uséd in
Exanpl €28. The r gtts were as shown in Tabl e“64. 30 Exanpl e F0 A l'i ght
recei ving mefber e@r use in el ectrophotography having a |ight-receiving
| ayer 100 di gposed on an Al cylinder having a mirror ground surface was
prepared undé@ the l@yer formng conditions shown in Table 65 using the
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35 And, a sanple having only a surface |ayer on the sanme kind Al
cylinder as in the above case WP @R4p3028Bi i n the same nanner for formng

- the surface layer in the above case using the same kind fabrication
apparatus as that shown in Figure 24. For the resulti ng |light receiving
menber (hereinafter, this kind Light receiving menber is referred to as
"drunf), it was set with the conventl onal el ectrophot ographi c copying

machi ne, and el ectrophot ogr g © 40 characterl stics such as initial
electrification efficiency, g Bdual Itage and appearance.of a ghost were
exam hed, then decrease in t lectrification efficiency, deterioration on
phot osensitivity and i ncr easﬁ'g)ﬂ defective images after 1,500 thousand

ti mes repeated shots were respgctively exam ned. Further, the situation of
an i mage flow on the drum hde} hi gh tenperature -and hi gh hum dity

atmosphere at [err] and 85% hdr,dity was al so exanined. 45 As for the
resul i ng sanple, upper pary, dle part and |ower part of its image
form ng part were cut off, HHR Here engaged in quantitative anal ysis by the

conventional organic el ement angt yzer to analyze the content of hydrogen
atonms in each of the cut-off v The results of the various eval uations
and the results of the quantntagl ve anal ysis of the content of the hydrogen
atons are as shown in Tabl e Be: JAs Talle 66 illustrates, considerable
advant ages on itens of 50 iBi8@al electrification efficiency, defective
image flow and sensitivity dﬂt‘éﬁl oration were acknow edged. Conparative
Eé_grrpl e 7 Except that the | a§et % orming conditions changed as shown in

| e2067, the drum and the sarfle were 55 made under the sane fabrication
apparatus and manner as Exanplf 30 and were provided to exam ne the sane
items. The results are as shoh@n TaBle 68. :As the Table 68 illustrates,
much defects on various itens re acknow edged conpared to the case of
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el ectrophot ography conprising a SuErs0R24d 802Bt el ectrophotography and a
light, receiving |ayer constituted by a charge injection inhibition |ayer, a
phot oconductive | ayer 94 EP 0 249 302 Bl and a surface |layer, the charge
injection inhibition |ayer conprising an anorphous material containing
silicon atons as the fmin constituent atons, an elenment for controlling the
conductivity and at |f@ast one of hydrogen atons and hal ogen atons, the

phot oconducti ve Iay%yﬁqpnprlsﬁng an anor phous material, conta¥ning silicon
atons a% the main c t3 tuenteatons and ab | east one «f hydrcgen ‘at ons and
hal ogen at ons and t Bebsur f ace | ayer conprising an anorphous materi al
containing silicon atons, carbon atons and hydrogen atons, wherein the
amount of the hydrogbﬁ;atons contained in the surface layer is in the range
of 41 tg 70 atomic ®a% A ligQht receiving nenber forguse i

el ect r ophot ogr aphy & ¢ ding to claiml, cyvhereln the photocogduc- 10

tive layer contains | east one of nitrogen atons and oxygen atons. 3. A

| i ght receiving menbe? for use in el ect rophot ography according to claim1
or 2, wherein the chagge injection inhibition | ayer contains at | east one
of nitrmegen atoms, ox¥gen atqys and carbqy atons. 1554. A lgght receiving
menber for use in eﬁpﬁf&ophoﬁggraphy accépding to anggpreceQEng claim
wherein the charge i1 njection inhibition Iayer contai'ns the el ement for
controlling the conduet|V|ty in the state of
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being largely in the side of the substrate. 5. A light receiving nenber for
use in el ectrophotography accor depg24®3¢2Bi m 3 or 4, wherein the charge 20
injection inhibition | ayer contains at |east one of nitrogen atons, oxygen
atons and carbon atoms in the state of being nore largely in the |ayer
regi on near substrate. 6. A light receiving menber for use in

el ect rophot ogr aphy according go*iny of clains 3 to 5 wherein the charge
injection inhibition | ayer cd ns atyl east one of nitrogen atons, oxygen

atons and carbon 25 at ong y in¥he |ayer region adjacent to the
substfate. 7. A light receivith nber for use in electrophotography
according to any of clains 1% , Wherein an absorption |ayer for |ight of

| ong wavel engt h conpri si ng gn Ennrphous mat eri-al -containing silicon atons,
germani um atons and at | easa oRe of hydrogen atons and hal ogen atons is
di sposed between 30 the SubBtgate ahd the charge injection inhibition
| ayer.” 8. A |light receivingy r for use .in electrophotography according
to claim?7, wherein the abs§"%h8i%n | ayer for light of |1ong wavel ength
contains one selected fromelemagts for controlling the conductivity,
nitrogen atons, oxygen atons agchcarbon atons. 35 9. A light receiving
menbeys for use in el ectrophotlp@riphy qgcording to claiml1, 4 or 8 wherein
the el ement for controlling Konductivity is an atom belonging to the
Goup Ili of the periodic-taiﬁ.glo. A light receiving nmenber for use in
el ect r ophot ogr aphy accordi ngcgog elaiml, 4, or 8, wherein the 40

|l ement for controlling the ndﬁctivity is an atom bel onging to the G oup
V of the periodic table. 11. Aglight recei ving nenber for use in
el ect rophot ogr aphy according t8 any preceding claim wherein a contact
| ayer conprising an anorphous Beherial®containing silicon atons and at
| east one kind sel ected fron1nsgiogen atons, oxygen atons and carbon atons
i s di sposed between the substr and the 45 absorption layer for |ight
of 1oAYy wavel ength or between tHg substrate and the cffarge injection
i nhi bition o o
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| ayer. 12. Use in el ectrophotography of a |light receiving nenber as clained
in any preceding claim 50 Patent EFQRALSRB1 Li cht enpfangsel enent zur
Verwendung in der Elektrofotografie mt einem Substrat fOr die El ektrof ot o-
grafie und ei ner Lichtenpfangsschicht, die aus einer

Ladungsi nj okt i ons- Hermgchi cht, einer lichtleiten- den Schicht und el ner
Cber f1 Achenschi cht auf §ebaut ist, wobei die Ladungsinjektions-Hemrschi cht
ein 55 anor phes Wpgerial jaufweist, welches Siliciumatong als

Haupt be;t andt ei | sat.oiged gin Element fUr die Steuerurg der Leitfahigkeit und
weni gstens ei ne Art WoR “Wasser stof fatonmen und Hal ogenatonen enthalt, die
lichtleitende Schicht ein anorphes Material aufweist, .das Siliciumatone als
Haupt best and- teil satjoge und weni gstens eine Art von Wasserstof fatonen und
Hal ogenat onmen ent hal € Band dine 95 EP & 249 302 Bl nerfl achenschicht ein
anor pheg Material aufgngigst, Welches Sili®¥iumat one, ROhI enstdf f at ome und
Wasser st of f at one ent Eaftf woBel die Mend® der in der® Qberflchenschicht

ent hal t enen Wasserstbffato- nme i m Bereich von 41 bis 70 Atonprozent |iegt.
5 2. Lichtenpfangsel ement zur Verwendung in der El ektrofotografie nach
Anspruch 1, wobei die 13” chtleiten- de Schicht wenigstens eine Art von
Stickstmlf f at omen und Sader stof f at omen enbhalt. 3. Lieeht enpfaangsel ement zur
Ver wendung in der El B8 Sof ot8grafi e nachHiAnspruch 1 &dor - 2.3 wobei die
Ladungsi nj okt i ons- Hermschi cht weni gstens eine Art von Stickstoffatonen,

Sauer st of f at onen und K®h- 10 | enst of fat onmen ent hal t.
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4. Lichtenpfangsel ement zur Verwendung in der Elektrofotografie nach ei nem
der vorangehenden AnsprO che, wEBd 249i302Bddungsi nj ekti ons- Henmschi cht das
El.erent. fOr die Steuerung der Leitfghigkeit in dem Zustand enthAlt, daB das
El enent in groBem Unfang an der Seilte zu dem Substrat vorliegt. 15 5.
Ucht enpf angsel enment zur Verwenduag in der El ektrofotografie nach Anspruch 3
odor 4, wobei die Ladungsinjekti®ns- Henmschi cht weni gstens eine Art von
Sti ckst of f at omen, Sauer st of f & n ung Koh- | enstoffatonmen in dem Zust and
enthalt, daB diese in grdler ang® n dem Schi cht ber ei ch nahe dem
Substrat vorliegt. 20 6. Licf§ f angsel enent zur Verwendung in der
El ekt rof ot ografi e nach ei nem™®™ Anspral che 3 bis 5, wobei die
Ladungsi nj ekt i ons- Henmschi cgt §eni gstens eine Art von Stickstof fatonen,
Sauer st of f at omen und Kohl en8t of§f at omen nur in dem Schi chtbereich enthalt,
der bemnachbart zu dem Subst@at@@riiegt. 25 7. Lichtenpfangsel ement zur
Verwendung i n der Elektrofo i e nach _einemder AnsprUche 1 bis 6, wobei
el ne Absorptionsschicht fO=la®s ei ner | angen Wl |l enl fnge zwi schen dem
Substrat und der Ladungsi njekti gns- Hermschi cht angeordnet ist und ein
anor phes Material aufweist, wek&hes Silicium at one, Germani unmat one und
weni g& ens eine Art von Wassdy &t%f f at omen und Hal ogenatome enthalt. > 30
& Lichtenpfangsel enent zur We§dendund in der El ektrofotografie nach
Anspruch 7, wobei die Absorps Binsschicht fO -Licht einer |angen
Vel | enl ~nge ein ausgewAhites EB@rent enthilt, das aus den Elementen fOr die
Steuerung der Leitflhigkeit, dgn Stickstoffatomen, den Sauerstoffatonmen und
den k&hi enst of f at omen ausgewAhgt ist. 35 9. Lichtenpfangsel enent zur
Verwendung in der Elektrofotogfgfie ngch :Anspruch 1, 4 oder 8, wobei das
Element fOr die Steuerung der 8&tfihigkeit ein Atomist, das zu der G uppe
Il des Periodensystens geh6rt & : _
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1. A light receiving member for use in electrophotography comprising a substrate for electrophotography
and a light receiving layer constituted by a charge injection inhibition layer, a photoconductive layer
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10. Lichtenpfangsel enent zur Verwendung in der El ektrofotogr

Anspruch 1, 4 oder 8, wobei dagp§®49 302 Biement fOr die St eueTﬂﬂp’ﬂ’Zﬂ@mwu”m
Leitfahigkeit ein Atomist, das zu der G uppe V des Periodensystens SU .y
11. Lichtenpfangsel ement zur Verwendung in der El ektrofotografie nach ei nem.
der vorangehenden AnsprU- che, wobei eine Kontaktschicht zw schen dem

Substrat und der Absorptiogss®hicht fOr Licht einer 45 | angen

Vel | enl i nge oder zw schen Subst gat und der

Ladungsi nj okt i ons- Hermschi 'aangeowdnet i st und ein anorphes Materi al
auffwei st, wel ches Silicl ungt und weni gstens - eine Atomart enthalt, die

aus Stickst of fat onen, Saue'B Sf f at onen und Kohl enst of f at onen ausgewahi t
ist. 12. Verwendung ei nes Ligcht enpf angsel enentes nach ei nem der

vor angehenden Ansprache i}y fer Elektro-= 50 fotografie. Revendl cations
1. ,Fl ement photorecept eurg ddbki n6 ax8tre utilise en el ect r ophot ogr aphi e,
conprenant un substrat pdfur B3 | "'el ectrophot ographi e et une couche

phot or ~ceptrice constitudEyed Bne couche inhibitrice dinjection de charges,
d' une couche photoconductriceset d' une couche de surface, |a couche
inhibitrice d injection de ¢qfrges etant fornee d' une matibre anorphe
consenant des atonmes de siki®Bum comme princi paux atones constitutifs, un
el ement de rdglage de | a cfrgiffctivi®©e et au noins une categorie d' atomes 96
EP 0 249 302 Bl choisis enfrpades atones d' hydrogbne et des atones
d' hal ogAnes, |a couche phof gnductri ce 4tant constituee d' une matibre ,
anor phe contenant des atones, de silicium conme princi paux atones
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1. A light receiving member for use in slectrophotography comprising a substrate for electrophotography
and a light receiving layer constituted by a charge injection inhibition layer, a photoconductive layer
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constitutifs et au noins une categorie d' atones choisis entr I“llﬂ 'ﬂﬂﬂl’l}l”“l
d' hydrogbne et des atones d' hal og/A&r8248 3022Btouche de surfac

d'.une, mati bre anorphe contenant des atones de 5 silicium” dés atomes

de carbone et des atones d' hydrogbne, |a quantit6 d'atomes d' hydrogbne

cont enue dan%‘dlaasuﬁ'i‘?ﬂd%!%’ the °§4ﬁ°f'5!&‘§'°’5l§h'§4"t" B9E compriEing ap 3qioRtersdeatasial forERifdges
at oni ques deSII n aomgyshe 'E?"B?P@ﬁl‘“e TSy 0 alagient for cﬂ@@ﬂ'i‘%'ﬂe% Yoty G‘Eq gtiless 06?1
el ect r ophot g s a?ms fipelpgen a W%ﬁ?ﬁ%%‘ﬁ”‘i"’e (p%ﬁﬁﬁ Ft5’s'"g a’Lg&gi °”’f ?1""“8’
phot ocopduct '"%Sﬂg e 'r::asflfﬁa Hirich ﬁ?ﬂ’é‘ﬂ‘g& 8 des
at ones 1 azd g%oﬁ ik i e e o 0
Atre ut|||seﬁ {) EEE TR Peven

| oquel | a couc e YAhT Ditri ce d |n ec on de char ges contlent au nnlns une

cat 6gori epd' @ vgéﬂméelerE membeC130Uss '.:ﬁelé%{?ég’o& gffp%y %cgﬁﬁﬁ 1obidit QL viheroM @R PhbBETRSuC-
d' oxyghpe etye@fordbRaRsat B8st 6/ & Aft6gen RIGgen BIBREOT €Cept eur destine a
Atre utilise en dl ectrophot ographi e suivant une quel conque des

revendi cafsi OMfighp Feeéianteiémtsar fofl @dSin bisEitephotdgRpIeCatediding Bllalm { bi £ vhéteih HeQhbrg®N
de char ges Ccinjadtibeinkibitionadyenamnthingls lsagt@haofitdgeonl atorr3 Doxgien tatons tatd carbod bitaihs.de se
trouver en grande partle dans |le ¢c8t6 du substrat. 20 5. El enent

phot or esept e lightl essivimgemginbiit foe usstih elsei®p@irgebpciccadimmioagy prpdeding skimyehstein the
revendi cat i osharge dniection ighibvition| laygu edntaing teroeierhent ifan sbritioling the conduetivibicini temn stefe of
char ges cont treingtiargely inrihie side ofifee substiélgori e d' at onmes conpris entre des atones
d' azote, des atones d' oxygbne et des atones de carbone on etat de se
touver off ph fight pesivirgomeratier for use-n glectipphotagraply ageordiing fosigiome op¢: ¢berain dig charge
substr . 25nBCioEinabigN lavsheontaing aldessianp offiioapaloms. pxypen qiams)and garkay atoms in the

di ect r ophot oHaPeiRe Bgejagpy 'T‘thﬂrlfé! dﬁﬂé‘?"d‘(??f(fﬂ‘@"ﬂ%s revendi cations 3 A 5 dans

| equel la Cok' *h?recéivh’ Dhdrite? Br foid! rop Gy S8 C%& ofafs 33 5Y lotbih tE ©

cat 6gori e d Othmbition S Fgon x?%g?'%ﬁ&" a acen e
au substrat.

(igcor
et des gt Onea’io EH 8 1aFer 18Yidn ‘A89%eh 1o @&oslré’le
7. A light receiving member for use in slectrophotography according to any of claims 1 to 6, wherein an

absorption layer for light of long wavelength comprising an amorphous material containing silicon
. atoms, germanium atoms and at ieast one of hydrogen atoms and halogen atoms is disposed between
— 30 the substrate and the charge injection inhibition layer.

8. A light receiving member for use in electrophotography according to claim 7, wherein the absorption
layer for light of long wavelsngth contains one selected from elements for controlling the conductivity,
nitrogen atoms, oxygen atoms and carbon atoms.

85 .

9. A light receiving member for use in elecirophotography according to claim 1, 4 or 8, whersin the

element for controlling the conductivity is an atom belonging to the Group il of the periodic table.

10. A light receiving member for use in electrophotography according to claim 1, 4,'or 8, wherein the
40 element for controlling the conductivity is an atom belonging fo the Group V of the periodic table.

11. A light receiving member for use in electrophotography according to any preceding claim, wherein a
contact layer comprising an amorphous material containing silicon atoms and at least one kind selected
from nitrogen atoms, oxygen atoms and carbon atoms is disposed between the subsirate and the

45 absorption layer for light of long wavelength or between the substrate and the chargse injection inhibition
layer.

12, Use in electrophotography of a light receiving member as claimed in any preceding claim.
so0 Patentanspriiche

1. Lichtempfangselement zur Verwendung in der Elektrofotografie mit einem Substrat flir die Elektrofoto-
grafie und einer Lichtempfangsschicht, die aus einer Ladungsinjektions-Hemmschicht, einer lichtleiten-
den Schicht und einer Oberfléichenschicht aufgebaut ist, wobei die Ladungsinjektions-Hemmschicht ein

55 amorphes Material aufweist, welches Siliciumatome als Hauptbestandieilsatome, ein Element fiir die
Steuerung der Leitféihigkeit und wenigstens eine Art von Wasserstoffatomen und Halogenatomen
enthilt, die lichtleitende Schicht ein amorphes Material aufweist, das Siliciumatome als Hauptbestand-
teilsatome und wenigstens eine Art von Wasserstoffatomen und Halogenatomen enthélt, und die
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25 7. Lichtempfangselement zur Verwendung in der Elskirofotografie nach einem der Ansprliche 1 bis 6,
wobei eine Absorptionsschicht flir Licht einer langen Wellenlinge zwischen dem Subsirat und der
Ladungsinjektions-Hemmschicht angeordnet ist und ein amorphes Material aufweist, welches Silicium-
atome, Germaniumatome und wenigstens eine Art von Wasserstoffatomen und Halogenatome enthélt.

\_/ 30 8. Lichtempfangselement zur Verwendung in der Elekirofotografie nach Anspruch 7, wobei die Absorp-
tionsschicht flir Licht einer langen Woellenlinge ein ausgew#hltes Element enthilt, das aus den
Elementen flir die Steuerung der Leitfdhigkeit, den Stickstoffatomen, den Sauerstoffatomen und den
Kohienstoffatomen ausgewdhit ist.

35 9. Lichtempfangselement zur Verwendung in der Elekirofotografie nach Anspruch 1, 4 oder 8, wobei das
Element flir die Steuerung der Leitfihigkeit ein Atom ist, das zu der Gruppe Il des Periodensystems
gehdrt.

10. Lichtempfangselement zur Verwendung in der Elekirofotografie nach Anspruch 1, 4 oder 8, wobesi das
40 Element fiir die Steuerung der Leitfihigkeit ein Atom ist, das zu der Gruppe V des Pesricdensystems
gehort.

11. Lichtempfangselement zur Verwendung in der Elektrofotografie nach einem der vorangehenden Ansprii-
che, wobei eine Kontakischicht zwischen dem Substrat und der Absorptionsschicht fiir Licht einer
45 langen Wellenlsinge oder zwischen dem Substrat und der Ladungsinjektions-Hemmschicht angeordnet
ist und ein amorphes Material aufweist, welches Siliciumatome und wenigstens eine Atomart enthilt,

die aus Stickstoffatomen, Sauerstoffaiomen und Kohlenstoffatomen ausgewahit ist.

12. Verwendung eines Lichtempfangselementes nach einem der vorangehenden Ansprliche in der Elektro-
50 fotografie.

Revendications

1. Elément photorécepteur destiné & &tre utilisé en électrophotographie, comprenant un substrat pour

55 I'électrophotographie et une couche photoréceptrice constituée d'une couche inhibitrice d'injection de
charges, d'une couche photoconductrice et d'une couche de surface, la couche inhibitrice d'injection

de charges étant formée d'une matiére amorphe contenant des atomes de silicium comme principaux

-atomes constitutifs, un élément de réglage de la conductivité et au moins une catégorie d'atomes
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fons pr écedent es. 97 EP 0 249 302 B1 H!l‘“! \“l“ “ll!‘ “‘\! “ \“\

choisis enire des atomes d'hydrogéne et des atomes d'halogénes, la couche photoconductrice étant
constituée d'une matidre amorphe contenant des atomes de silicium comme principaux atomes
constitutifs et au moins une catégorie d'atomes choisis entre des atomes d'hydrogéne et des atomes
d'halogénes et la couche de surface étant formée d'une matiére amorphe contenant des atomes de

5 silicium, des atomes de carbone et des atomes d'hydroggne, la quantité d'atomes d'hydrogéne
contenue dans la couche de surface se situant dans la plage de pourcentages atomiques de 41 a 70
%.

2. Elément photorécepteur destiné & étre utilisé en électrophotographie suivant la revendication 1, dans
10 fequel la couche photoconductrice contient au moins une catégorie d‘atomes choisis entre des atomes
d'azote et des atomes d'oxygéne.

3. Elément photorécepteur destiné & &tre utilisé en électrophotographie suivant la revendication 1 ou 2,
dans lequel la couche inhibitrice d'injection de charges contient au moins une catégorie d'atomes
15 choisis entre des atomes d'azote, des atomes d'oxygéne et des atomes de carbone.

4. Elément photorécepteur destiné & &tre ufilisé en électrophotographie suivant I'une quelconque des

revendications précédentes, dans lequel la couche inhibitrice d'injection de charges contient I'élément
\./ de réglage de la conductivité en état de se trouver en grande partie dans le c6t€ du substrat.
20

6. Elément photoréceptour destiné & &tre utilisé en électrophotographie suivant la revendication 3 ou 4,
dans lequel la couche inhibitrice d'injection de charges contient au moins une catégorie d'atomes
compris enire des atomes d'azote, des atomes d'oxygéne et des atomes de carbone en état de se
trouver en plus grande partie dans la région de la couche proche du substrat.

6. Elément photorécepteur destiné & étre utilisé en électrophotographie suivant I'une quelconque des
revendications 3 4 5, dans lequel la couche inhibitrice d'injection de charges contient au moins une
catégorie d'atomes choisis entre des atomes d'azote, des atomes d'oxygéne et des atomes de carbone
uniquement dans la région de la couche adjacente au substrat.

7. Elément photorécepteur destiné & &ire utilisé en électrophotographie suivant I'une quelconque des
revendications 1 & 6, dans lequel une couche d'absorption de lumiére de grande longueur d'onde
comprenant une matidre amorphe renfermant des atomes de silicium, des atomes de germanium et au
moins une catégorie d'atomes choisis entre les atomes d’hydrogéne et des atomes d'halogénes, est

35 disposés entre le substrat et la couche inhibitrice d'injection de charges.

8. Elément photorécepteur destiné & &tre utilisé en électrophotographie suivant la revendication 7, dans
lequel la couche d'absorption de lumigre de grande longueur d'onde contient un élément choisi parmi
des éléments de réglage de la conductivité, des atomes d'azote, des atomes d'oxygéne et des atomes

40 de carbone.

9. Elément photorécepteur destiné a &tre utilisé en électrophotographie suivant la revendication 1, 4 ou 8, -
dans lequel I'élément de réglage de la conductivité est un atome appartenant au Groupe Il du Tableau
Périodique.

Elément photorécepteur destiné 2 &tre utilisé en électrophotographie suivant la revendication 1, 4o0us,
dans lequel I'élément de réglage de la conductivité est un atome appartenant au Groupe V du Tableau
Périodique.

10

so 11. Elément photorécepteur destiné & étre utilisé en électrophotographie suivant I'une quelconque des
' ~ revendications précédentes, dans lequel une couche de contact comprenant une matiére amorphe
renfermant des atomes de silicium et au moins une catégorie d'atomes choisis entre des atomes
d'azots, des atomes d'oxygeéne et des atomes de carbone, est disposée entre le substrat et la couche
absorbante de la lumiére de grande longueur d'onde ou entre le substrat et la couche inhibitrice

65 d'injection de charges.

12, Utilisation en électrophotographie d'un élément photorécepteur suivant I'une quelicongue des revendica-
tions précédentes.
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