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Chiba-ken, all in Japan are the actual inventors of the
invention and the facts upon which the applicants is en-
titled to make the applications are as follows:

The said applicant is the assignee of the actual
inventors.

4. The basic application referred to in paragraph 2 of this
Declaration was the first application made in a
Convention country in respect of the invention the
subject of the application.
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(57) Claim

(1) A light receiving member comprising a support
and a light receiving layer of a multi-layered structure
having at least a photosensitive layer composed of an
amorphous material containing silicon atoms and at least
one of the elements selected from oxyger atoms, carbon
atoms and nitrogen atoms, said support having a surface
provided with irregularities composed of spherical dimples,
et.ch of which having an inside face provided with minute

irregularities.
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(13) A light receiving member comprising a support,
a light receiving layer having a photosensitive layer composed
of an amorphous material based on silicon atoms and a surface
layer, said support having a surface provided with irregular-
ities composed of spherical dimples, each of which having
an inside face provided with minute irregularities.

(34) A light receiving member comprising a support and
a light receiving layer having a photosensitive layer composed

of an amorphous material containing silicon atoms and at

lcast onc of the eclements selected from oxygen atoms, carbon
atoms and nitrogen atoms and a surface layer, said support
having a surface provided with irregularities composed of
spherical dimples, each of which having an inside face

provided with minute irregularities.
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"ELECTROPHOTOGRAPHIC LIGHT RECEIVING
MEMBERS COMPRISING AMORPHOUS SILICON
AND SUBSTRATE HAVING MINUTE
IRREGULARITIES"

BACKGROUND OF THE INVENTION

|. Field of the Invention
This invention concerns light receiving members being
sensitive to electromagnetic waves such as light (which

herein means in a broader sense those lights such as ultra-

violet rays, visible rays, infrared rays, X-rays and y-rays).
More specifically, the invention relates to improved light
receiving members suitable particularly for use in the case

o4 Mo
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1 * where coherent lights such as laser beams are applied.
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s .auDescription of the Prior Art

,,3" For recording of digital image information, there have

ssss” been known such a method as forming electrostatic latent
images by optically scanning a light receiving member with

«te.' laser beams modulated in accordance with the digital image

" information, and then developing the latent images or
further applying transfer, fixing or like other treatment as

required. Particularly, in the method of forming images

by an electrophotographic process, image recording has

usually been conducted by using a He, Ne laser or a semi-

"!,9)(!‘1?
BRI

conductor laser (usually h&ving emission wavelength as from
650 to 820 nm), which is small in size and inexpensive in

the cost as the laser source.




By the way, as the light receiving members for electro-
photography being suitable for use in the case of using the
semiconductor laser, those light receiving membars compris-
ing amorphous materials containing silicon atoms (hereinafter
referred to as "a-Si"), for example, as disclosed in Japanese
Patent Laid-Open Nos. 86341/1979 and 83746/1981 have been
evaluated as being worthy of attention since they have a
high Vickers hardness and cause less problems in the public
pollution, in additicn to their excellent matching prorerty

o in the photosensitive region as compared with other kinds of
known light receiving members.

5“,.". However, when the light receiving layer constituting

---E the‘ light receiving member as described above is formed as

>
2 * .,* an a-Si layer of a mono-layer structure, it is necessary

PP to structurally incorporate hydrogen or halogen atoms or,
Telee” further, boron atoms within a range of specific amount ‘

into the layer in order to maintain the required dark

° resistance of greater than 1012

Qcm as for the electro-

photography while maintaining their high photosensitivity.

RO\ Therefore, the degree of freedom for the design of the
light receiving member undergoes a rather severe limit such

as the requirement for the strict control for various kind

of conditions upon forming the layer. Then, there have
been made several proposals to overcome such problems for

the degree of freedom in view of the design in that the

g
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high photosensitivity can effectively be utilized whilé
reducing the dark resistance to some extent. That is, . the
{ight receiving layef is so constituted as to have two or.
more layers prepared by.laminating those layers of different
conductivity in which a depletion iayér is:formed to the
inside of the iight re¢eiving layer és disclosed in Japanese

Patent Laid-Open Nos. 171743/1979, 4053/1982 and 4172/1982,

or the apparent dark resisténce is improved by providing a
multi—layered structure in which a barrier layer is disposed
1O between a support and a light receiving layer and/or on the

upper surface of the iight receiving layer as disclosed, for

$r example, in Japanese Patent Publication Nos. 52178, 52179,
52180,'58159; 58160 and 58161/1981.

* However, such light réceiving members as having a light
recéiving'layer of multi-layered structure have unevenness in
the thickneSs for each of the layers. 1In the case of
conducting the laser reccrding by using such members, since
the laser beams comprise coherent light, the respective
reflection lights reflected from the free surface of the

light receiving layer on the side of thé laser beam irradiétidn

and from the layer boundary between each of the layers

constituting the light receiving layer and between the
‘. ‘o support and the light-receiVihg layer (hereinafter both of
the free surface and the layer interface are correctively

referred to as "interface") ofter interfere with each other.




The interference results in a so-called interference
fringe pattern in the formed visible images to bring about
defective images. Particularly, in the case of forming
intermediate tone images with highqﬁiﬁ??&iﬁn' the images
obtained become extremely poor in  ddentification.

In addition, as an important point there exist problems
that the foregoing interference phenomenon will become
remarkable due to that the absorption of the laser beams in
the light receiving layer is decreased as the wavelength
region of the semiconductor laser beams used is increased.

That is, in the case of two or more layer (multi-layered)
structure, interference effects occur as for each of the
layers, and those interference effects are synergistically
acted with each other to exhibit interference fringe patterns,
which directly influence on the transfer member thereby to
transfer and fix the interference fringe on the member, and
thus bringing about defective images in the visible images
coxrresponding to the interference fringe pattern.

In order to overcome these problems, there have been
proposed, for example, (a) a method of cutting the surface
of the support with diamond means to form a light scattering
surface formed with unevenness of + 500 A - + 10,000 A
(refer, for example, to Japanese Patent Laid&=Open No.
162975/1983), (b) a method of disposing a light absorbing

layer by treating the surface of an aluminum support with




black alumite or by dispersing carbon, colored pigment or dye

into a resin (refer, for example, to Japanese Patent Laid-Open

No. 165845/1982) and (c) a method of disposing a light

scattering reflection prevention layer on the surface of
an aluminum support by treating the surface of the support
with a satine-line alumite processing or by disposing e fine
grain-like unevenness by means of sand blasting (refer, for
example, to Japanese Patent Laid-Open No. 16554/1982).
Although these proposed methods provide satisfactory
e} results to some extent, they are not sufficient for completely
¢l iminating the interference fringe pattern resulted in the
+ images.
That is, in the method (a), since a plurality of ir-
regularities with a specific t are formed at the surface
of the support, occurrence of the interference fringe pattern

due to the light scattering effect can be prevented to some

extent.. However, since the positive reflection light

. component is still left as the light scattering, the inter-
ference fringe pat:tern due to the positive reflection light
still remains and, in addition, the irradiation spot is
widened due to the light scattering effect at the support

. surface to result in a substantial reduction in the resolution

"« " power.
In the method (b), it is impossible to obtain complete

absorptidn only by the black alumite treatment, and the
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reflection light still remains at the support surface. BAnd
in the case of disposing the resin layer dispersed with the
pigment, there are various problems; degasification is caused
from the resin layer upon forming an a-Si layer to invite a
remarkable deterioration on the quality‘of the resulting
light receiving layer: the resin layer in damaged by the
plasma upon forming the a-Si layer wherein the inhereht
absorbing function is reduced énd undesired effects are given 
to the subsequent formation of the a—Si layer due to thé
worsening in the surface‘state. |

In the method (c), referring té incident light for
instance, a portion of the incidenﬁ light is reflected at the
surface o£ the;light reéei&ing layer to be a reflected light,
Whiie the remaining portidn intrudes as the transmitted light

to thé inside of the light receiving 1aYer. And a portion of

the transmitted light is scattered as a diffused light at the

surface of the suppdrt and the remaining portion is rwgularly
reflected as a reflected light, a portion of which goes out

as the outgoing light. However, the outgoing light is a

‘component to interfere with the reflected light. In any way,

Sane the light is remaining, the interference fringe patte*r
cannot be completely eliminated. |

F
By:the:mzy;:forApreventlng the interference in this

QE\:G.MP\:S \f\q\;q_ deen rma d e
case,4 -tk a=hee te

to increaSe the

diffusibility at the surface of the support so that no
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multi-reflection occures at the inside of the light receiving
layer. However, this rather diffuses the light in the light

receiving layer thereby causing halation and, after all,

reducing the resolution power.

Particularly, in the light receiving membe; of the
multi-layered structure, if the support surfaée‘is roughened
irregularly, the reflection light‘at the surface of the
first layer, the reflection‘layer‘at the second‘layer and
the positive reflection iight at the sﬁppOrt‘suifabe inter-
fere with each other to resﬁlt in the interferencé fringe
pattern in accordance with‘thé thickneés of each layers in
the light receiving member. Accordingly, it is impossible
to completely prevenf the interference fringe by unevenly
roughening the surface of the sdppért in the iight receiving
member of the multi-layered structure.

In ﬁhe‘case of unevenly roughening the surface of the

support by the sand blasting or like other method, scattering

‘for the roughness is often caused between the lots and the

‘unevenness in the roughness occurs even in an identical

lot thereby causing problems in view of the production
control. In addition, relatively large protrusions are
frequently formed at random and such large protrusions
cause local break down in the light réceiving layer.

Further, even if the surface of the support is regularly

roughened, since the light receiving layer is usually deposited

IR o g gL AnE e A (R A



along with the uneven shape at the surface ~f£ the support,

the inclined surface on the unevenness at the support are

in parallel with the inclined surface on the unevenness at

the light receiving layer, where the incident light brings
about bright and dark areas. Further, in the light receiving
layer, since the layer thickness is not uniform over the
entire light receiving layer, dark and bright stripe pattern
is resulted. Accordingly, mere orderly roughening the surface
of the support can not completely prevent the occurrence of
the interference fringe pattern.

Furthermore, in the case of depositing the light
receiving layer of a multi-layered structure on the support
having the surface which is regularly rougheread, since the
interference due to the reflection light at the interface
between each of the layers is joined to the interference
between the positive reflection light at the surface of tﬂe
support and the reflection light at the surface of the light
receiving layer, the situation is more complicated than the
occurrence of the interference fringe in the light receiving
member of a single layer structure.

Furthermore, the problem of the interference due to
the reflection light in the receiving member of such multi-
layered structuxe has & great concern with the surface layer.
That is, as can be seen from the foregoings, if the thigkness

of the surface layer is not uniform, interference occurs




due to the reflection light at the interface between the
surface layer and the photosensitive layer in adjacent
therewith to result in troubles in the function of the

light receiving member.
The
By=%he=wayﬁ=¢h94unevenness of the thickness of the

surface layer is brought about upon forming the surface

layer, as well as due to the abrasion, particularly,

partial abrasion during use of the light receiving member.
Particularly, in the latter case, it results in the occurrence
of the interference pattern as described above and, in
addition, also results in the change in the sensitivity,
uneven sensitivity or the like over the entire light receiving

member. \

—

\o € '\m‘\,ncx.\te.
Jb*—eliminatisgjsuch problems regarding the surface

layer, asthouwyh it has been attempted to increuase the

' Howevey
thickness of the surfack layer as much as possible.xthis
leads to the increase in the residual potential and rather
increases the unevenness in the layer thickness of the
surface layer. Since the light receiving member having
such a surface laycr involves the factor for causing
problems such as changes in the sensitivity and uneven
sensitivity already when the layer has been formed and
the member will provide those images that can not be

appreciated from the initial time of use.
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SUMMARY OF THE INVENTION

The object of this invention is to provide a light
receiving member comprising a light receiving layer mainly
composed of a-Si, free from the foregoing problems and
capable of satisfying various kinds of requirements.

That is, the main object of this invention is to
provide a light receiving member having a light receiving
layer constituted with a-Si in which electrical, optical
and photoconductive properties are always substantially
stable scarcely depending on the working circumstances, and
which is excellent against optical fatique, causes no degrada-
tion upon repeating use, excellent in durability and moisture-
proofness, exhibits no or scarce residual potential and
provides easy production control.

Another object of this invention is to provide a light
receiving member having a light reéeiving layer composed
of a-Si which has a high photosensitivity in the entire
visible region of light, particularly, an excellent matching
property with a s&miconductor lager and shows rapid light
response.

Other object of this invention is to provide a light
receiving member having a light receiving layer composed
of a-Si which has high photosensitivity, high §/N ratio and
high electrical voltage withstanding propeity.

A further object of this invention is to provide a light

- 10 -
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receiving member having a light receiving layer composed of
a-Si which is excellent in the close bondability between a
support and a layer disposed on the support or between each
of the laminated layers, dense and stable in view of the
structural arrangement and of high layer quality.
A fruther object of thisinvention is to provide a light
receiving member having a light receiving layer composed
of a-Si which is suitable to the image formation by using
coherent light, free from the occurrence of interference
{fan) frigne pattern and spot upon reversed development. even after
repeating use for a long period of time, free from defective
images or blurring in the images, shows high density with
egreed clear half tone, and has a high resolution power and can
“

*  provide high quality images.

v BRIEF DESCRIPTION OF THE DRAWINGS
These and other objects, as well as the features of
' this invention will become apparent by reading the following
descriptions of preferred embodiments according to this
invention while referring to the accompanying drawings,
K¢ . wherein:
Figures 1(A)-(C) are views schematically illusetvating
typical examples of Light receiving wembery sgcr. it @ -
this invention;

Figr xes 2 and 2 sv : ¢ for a portion

g e
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illustrating the principle of preventing the ocCurreﬁce of
an interference‘fringe in the light receiving member according
to this invention, in which

Figure 2 is a view‘illustrafing that the occurrence of
the interference fringe can be preQented in the light receiving
member in whicﬁ unevenness constituted with‘sphefical dimples
is formed to the surface of a support, and

Figure 3 is a view illustrating that the interference

‘fringé is resulted in the conventional light receiving

nmember in which the light receiving layer is deposited on

a support roughened regularly at the surface;

Figurés 4 and 5 are schematic views for illustratihg
the uneven shape at the surface of the support of the light
receiving member according to this invention and a method
of preparing the uneven shape;

Figures V¢ (A) and 6(B} illustrate a chart SChemafically
illustrating a constitutional examplm of a device suitable
for forming the uneven shape formed to the support of the
light receiving member according to this inventidn, in which

Figure 6(A) is a front elevational view and |

Figury &#(R) is a vertical crqss¥seétional view;

Figures 7 through 15 are views illustrating the
disbribution state, in the direction of the layer thiékness,
of at lea#t one of the eiements sélectéd from oxygen atoms,

carbon atoms and nitrogen atoms, and group III or group V

-12 =




atoms in the photosensitive layer of the light receiving
layer of the light receiving member‘acéording to this
invention,

Figures 16 through 18 are views illustrating the dlstri—
bution stéte, in the direction 6f the layer thickness, of at
least 6ne of the elements selected‘from ongen atoms, carbon
atoms and nitrogen atoms ir the sufface‘layer of the 1light
recéiving layer of the‘light receiving member according to

this invention, respectively in which the ordinate represents

‘the thickness of the light receiving layer and the abscissa
« represents the distribution concentration for each of the

- atoms;

Figure 19 is a schematic explanatory view of a fabri-
cation device by glow discharging process as an example of
the device for preparing the light receiving layer of the
light rmceiving member according to this invention;

F16S, 2A0A and 2A0Q are vieiwss

Pégare—%6-§&~&=¥%ewAfor illustrating the image exposing
device by the laser beams; and

Figure 21 through 45 are views illustrating the varia-

tions in the gas flow rates in forming the light receiving

layer 1ccording to this invention, in which the ordinate‘

represents the position along‘the‘laYer‘thickness and the

abscissa represents the gas flow rate.
DETAILED DESCRIPTION OF THE INVENTION
- 13 -
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The present inventors have made earnest studies for
overcoming the foregoing problems on the conventional
light receiving members and attaining the objects as
described above and, as a result, have accomplished this
invention based on the findings as described below.

That is, one of the findings is that the problems
for the interference fringe pattern occurring upon image
formation in the light receiving member having a plurality
of layers on a support can be significantly overcome by
disposing unevenness constituted with a plurality of spherical
dimples each of which having an inside face provided with
minute irregularities on the surface of the support.

Another finding is that in a case where the optical
band gap possessed by a surface layer and the optical band
gap possessed by a photcsensitive layer to which the surface
layer is disposed directly are matched at the interface
between the surface lsyer and the photosensitive layer, in
the light receiving member comprising the surface layer and
the photosensitive layer on the support, the reflection of
the incident light at the interface between the surface
layer and the photosensitive layer can be prevented and the
problems such as the inteference fringe ©r uneven sensitivity
resulted from the uneven layer thickness upon forming the
surface layer and/or uneven layer thickness due to the

abrasion of the surface layer c¢an be significantly overcome.

- 14 =
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A further finding is that in a case where the surface
layer is constituted as a multi-layered structure having
an abrasion-resistant layer at the cutermost side and at
least the reflection preventive layer in the inside of the
light receiving member comprising the sueface layer and
the photosensitive layer on the support, the reflection of
the incident light at the interface_between the surface
layer and the photosensitive layer can be significantly
prevented and the problems su. .. the interference fringe
or uneven sensitivity resulted from the uneven layer thick-
ness upon forming the surface layer ana/or uneven layer
thickness due to the abrasion of the surface layer can be
significantly overcome.

This invention has been acicomplished based on the
findings as described above; and one of the aspect thereof
resides in a light receiving memker comprising a support. and
a light receiving layer of a multi-laywzred structure at
least having a photc¢sensitive layer composed of amorphous
material containing silicone atoms, and at least one of
elements selwncted from oxygen atoms, carbon atoms and nitrogen
atoms, wherein the support has a surface provided irregular-
ities composed of spherical dimples each of which having an
inside face provided with minute irregularities.

Another aspect of this invention resides in a light

receiving member comprising a support and a light receiving

- 15 -
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layer constituted by a photosensitive layer composed of
amorphous material based on silicon atoms and a surface
layer, wherein the support has a surface provided with
irregularities composed of a plurality of spherical dimples
each of which having an inside face provided with minute
irregularities.

A further aspect of this invention resides in a light
receiving member comprising a support and a light receiving
layer constituted by a photosensitive layer composed of
amorphous material containing silicon atoms, and at least
one of elements selected from oxygen atoms, carbon atoms and
nitrogen atoms and a surface layer, wherein the support has
a surface provided with irregularities composed of a plurality
of spherical dimples each of which having an inside face
provided with minute irregularities.

A still further aspect of this invention resides in a
light receiving member comprising a support and a light
receiving layer constituted by a photosensitive layer composed
of amcrphous material at least containing silicon atoms and
a surface layer composed of amorphous material containing
silicon atoms, and at least one of elements selacted from
oxygen atoms, carbon aﬁoms and nitrogen atoms, wherein
optical band gaps are matched at the interface between the
photosensitive layer and the surface layer, and the support

has a surface provided with irregularities composed of a

- 16 -
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plurality of spherical dimples each of which having an inside
face provided with minute irregularities.

A still further aspect of this invention resides in a
light receiving member comprising a support and a light
receiving layer constituted by a photosensitive material
composed of amorphcus material at least containing silicon
atoms and a surface layer, wherein the surface layer has a
multi-layered structure containing an abrasion-resistant layer
at the outermost side and at least a reflection preventive
layer to the insde, and. the support has a surface provided
with irreqularities composed of a plurality of spherical
dimples each of which having ‘an inside face provided with
minute irregularities.

Now, the findings regarding the surface shape of the
support as described above is based on the facts obtained by
various experiments attempted by the present inventors.

For better understanding the above-mentioned facts,
the following explanation will be made referring to the
drawings.

Figures 1(A) through 1(C) are schematic views illustrating
typical examples of the layer structure of the lighkt receiving
member 100 pertaining to this invention. In any of the cases,
the light receiving member is made up of the support 101 &nd
the light receiving layer formed thereon. The support 101

has irregularities resembling a plurality of fine spherical

- 17 -




dimples each of which having an inside face provided minute
irregularities on the surface thereof. The light receiving
layer is formed along the slopes of the irregularities, in
which Figure 1(A) is a schematic view illustrating a first
typical example of the layer structure of the light receiving
member 100 according to this invention, in which are shown
the support 101, a light receiving layer 102, a first layer
102', a second layer 102" and a frre surface 103 of the light
receiving layer 102;

Figure 1(B) is a schematic view illustrating a second
typical example of the layer structure of the light receiving
member 100 according to this invention, in which are shown
the support 101, a photosensitive layer 104, a surface layer
105 and a free surface 103 of the surface layer 105; and

Figure 1(C) is a schematic view illustrating a third
typical example of the layer structure of the light receiving
member 100 according to this invention, in which are shown
the support 101, a photosensitive layer 104', a surface layer
105' and a free surface 103 of the surface layer 105'.

Figu~3s 2 and 3 are views explaining how the problem: of
interference infringe pattern is solved in the light receiving
member of this invention.

Figure 3 is an enlarged view for a portion of a
conventional light receiving member in which a light receiving

layer of a multi-layered structure is deposited on a support
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£he surface of which is regularly roughened. In the drawing,
a first layer 301, a second layer 302, a free surface 303 and
an interface 304 between the first and the second layers
are shown respectively. As shown in Figure 3, in the case
of merely roughening the surface of the support regularly
by grinding or like other means, since the light receiving
layer is usually formed along the uneven shape at the surface
of the support, the inclined surface of the unevenness at
the surface of the support and the inclined surface of the
unevenness of the light receiving layer are in parallel with
each other.

Owing to the parallelism, the following problems
always occur, for example, in a light receiving member of
a multi-layered structure in which the light receiving
layer comprises two layers, that is, a first layer 301 and
the second layer 302. Since the interface 304 between the
first layer and the second layer is in parallel with the
free surface 303, the direction of the reflection light Ry
at the interface 304 and that of the reflection light R,
at the free surface coincide with each other and, accordingly,
an interference fringe is resulted depending on the thickness
of the second layer.

Figure 2 is an enlarged view for a portion shown in
Figure 1. A= shown in Figure 2, an uneven shape composed of

a plurality of fine spherical dimples are formed at the
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surface of the support in the light receiving my aber according
to this invention and the light receiving layer thereover

is deposited along the uneven shape. Therefore, in the

light receiving member of the multi-layered structure, for
example, in which the light receiving layer comprises a first
layer 201 and a second layer 202, the interface 204 between
the first layer 201 and the second layer 202 and the free
surface 203 are respectively formed with the uneven shape
cpmposed of the spherical dimples along the uneven shape at
the surface of the support. Assuming the radius of curvature
of the spherical dimples formed at the interface 204 and Ry
and the radius of curvature of the spherical dimples formed
at the free surface as R2, since Rl is not identical with R2,
the reflection light at the interface 204 and the reflection
light at the free surface 203 have refleciion angles different
from each other, that is, ei is not identical with 62 in
Figure 2 and the direction of their reflection lights are
different. In addition, the deviation of the wavelength
represented by 21 + 22 - 23 by using Ql, 22, and 23 shown in
Figure 2 is not constant but variable, by which a sharing
interference corresponding to the so-called Newton ring
phenomenon occurs and the interference fringe is dispersed
within the dimples. Then, if the interference ring should
appear in the microscopic point of view in the images caused

by way of the light receiving member, it is not visually
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recognized.

That is, in a light receiving member having a light
receiving layer of multi-layered structure formed on the
support having such a surface shape,; the fringe patterh
resulted in the images due to the interferenCe between liglits
passing through the light receiving layer and reflecting on

the layer interface and «c the surface of the'sdpport thereby

‘enabling to obtain a light receiving member capable of forming

‘excellent images.

By the way, the radius of‘curvature k .nd the width D
of the uneven shape formed by the sphe:ical.dimples, at the
surface of the support of the'light receiving ﬁember according
to this ihvention constitute an important factor for effectively
attaining the advantageéus effect of preventing the occurrence
of ﬁhe intetference fringe in the light receiving member
according to this invention. The present inventors carried
out vérious'expetiménts and, as a result, found the following
facts; _

That is, if the radius of curvature R and the width D.

satisfy the following equation:

o

2 0.035

0.5 cr more Newton rings due to the sharing interference are
present in each of the dimples. Further, if they-satisfy'thé

following equation:

- 21 -
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—— > 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, Qreater than 0.055
for dispersing the interference fringes_resulted throﬁghout
the light receiving member in éach of the dimples thereby
preventing the occurrence of the interfe.ence fringe in the

e¢ te . . : )
¢ * ,*light receiving member.

\C%";§ Further, it is desired that.thé width D of the unevenness
;“t‘formed by the scraped dimple is about-SOO um at the maximum,
suwe S .
T“i‘preferably, 1ess than 200 uym and, more preferably less than
.':""100 pm.

¢ >y
‘. 6 ()

****irregularity to be formed with the inside face of a spherical

In addition, it is desired that the height of a minute

g. [ X5

. 2 13

€ (2] C . . N N . -
dimple of the support, namely the surface roughness Ymax of

< f

‘... the inside face of the spherical dimple lies in the range

'_of.o.S to 20 um. That is, in the case where said Ymax is
less than 0.5 pum, a sufficient scattering effect is not be
& given. And in the case where it exceeds 20 um, the magnitude
| of the minute ir;egularity becomes undesirably‘greatér in
compariéon with that of the sphefical dimple to prevent;the

spherical dimple from being formed in a desired spherical-forﬁ

and result in bringing about such a light receiving member that
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does not prevent sufficiently the occurrence of the interference
fringe. In addition to this, when a light receiving layer is
deposited on such support, the light receiving member as
prepared becomes to have such a light receiving layer that

1s accompanied by an undesirably grown unevenness being apt

to invite defects in visible images toc be formed.

This invention has been completed on the basis of the
above-mentioned findings.

The light receiving members according to this invention
will now be explained more specifically referring to the
drawings.

Figure 1 (A) is a schematic view illustrating a typical
layer structure of the light receiving member 100 that embodies
the first feature of thisinvention, in which are shown a
support 101 which has a surface provided with irreqularities
composed of a plurality of spherical dimples each of which
having an inside face provided with irregularities, a light
receiving layer 102, a first layer 102', a second layer 102"
and a free surface 103. Explanation will be made for the
support 10l and the light receiving layer 102.

Support 101

The support 101 in the light receiving member according to
this inventicn has a surface with fine unevenness smaller than
the resolution power required for the light receiving member

and the unevenness is composed of a plurality of shperical
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dimples each of which having an inside face provided with
minute irregularities.
the shape of the surface of the support and an example
of the preferred methods of preparing the shape are specificaily
explained referring to Figures 4 and 5 but ik should be noted
that the shape of the support in the light receiving member
of this invention and the method of preparing the same are
no way limited only thereto.
Figure 4 is a schematic view for a typical cxample of

the shape at the surface of the support in the light receiving

« member according to this invention, in which a portion of

the uneven shape is enlarged.

In Figure 4, are shown a support 401, a support surface

* 402, an irregular shape due to a spherical dimple (spherical

cavity pit 403, an ingide face of the spherical dimple

v provided with minute irregularities 404, and a rigid sphere

.. 403" of which surface has irregularitieg 404°'.

Figure 4 also shows an exanmple of the preferred methods

of preparing the surface shape of the support. That is, the

xrigid sphere 403' is caused to fall gravitationally from a
‘position at a predetermined height above the support surface

402 and collides against the support surface 402 thercby

forming the gpherical dimple having the inside fame provided
with minute ivvegularities 404. And a plurality of the

gpherical dimples 403 each substantially of an almost identical



radius of curvature R énd of an almpst identical width D
can be formed to the support surface 402 by causing a
plurality of the rigid spheres 403' substantially of an
identical diameter of curvature R' to fall from identical
height h simultaneousl; or sequentially.

Figures 5(A) through 5(C) show typical eﬁbodiments of
supports formed with the uneven shape cc posed of a plurality
of spherical dimples each of which having an inside surfacec
provided with minute irregularities at the surface as describhed
above.

In Figures 5(A) through 5(C), are shown a support 501,

a support surface 502, a spheri~al dimpie (spherical cavity
pit) having an inside face provided with minute irregularities
(not shown) 504 or 504' and a rigid sphere of which surface
has minute irregularities (not shown) 503 or 503'.

In the embodiment sthown in Figure S5(A), a plurality of
dimples (spherical cavity pits) 503,503, ... of an almost
identical radius of curvature and of an almost identical
width are formed while being closely overlapped with ecach other
threby forming an uneven shape regularly by causing to fall a
plurality of spheres 503 503' ... regularly from an identical
height to different positions at the support surface 502 of
the support 501. In this case. it is naturally required for
forming the dimples 503, 503, ... overlapped with cach other

that the spheres 503', 503', ... are gravitationally dropped
P
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such that the times of collision of the respective spheres
563', 503', ... to the support surface 502 are displaced
from each other.

Further, in the embodiment shown in Figure 5(B), a
plurality cf dimples 504, 504°, ... having two kinds of diameter
of curvature and two .inds of width are formed being densely
overlapped with eaci: otherxr to the surface 502 of the support
501 thereby forming an unevenness with irregular height at
the surface by dropping two kinds of spheres 503, 503', ... of

|(d «o different diameters from the heights identical with or different

«from each other.
0;00':

AL Furthermore, in the embodiment shown in Figure 5(C)

. (front elevational and cross-sectional views for the support
“wsurface) , ‘a plurality of dimpies 504, 504, ... of an almost
idantical diametevr of curvature and plural kinds of width are

3.ﬁ:formed while being overlapped with each other theareby forming

.« o4

*.'vwan irregular unevenness by causing to fall a plursiity of

,s*+espheres 503, 503, ... of an identical diameter from the identical

[ XX

cseedieight irregularly to the surface 502 of the support 501.

QO 44 As described above, the uneven shape of the support
[} 7

.o surface composed of the spherical dimples each of which having

[ ] ¢ o
FY 4 ¢

an inside face provided with irreqularities can be formed
preferably by dropping the rigid spheres respectively of a
surface provided with minute irregularities to the support

surface. In this case, a plurality of pherical dimples having
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desired radius of curvature and width can be formed at a
predetermined density on the support surface by properly
selecting various conditions such as the diameter of the
rigid spheres, falling height, hardness for the rigid sphere
and the surport surface or the amount of the fallen spheres.
That is, the height and the pitch of the uneven shape formed
for the support surface can optionally be adjusted depending
on the given purpose by selecting various conditions as
described above thereby enabling to obtain a support having
a desired uneven shape with the support surface.

For making the surface of the support into an uneven
shape in the light receiving member, a method of forming
such a shape by the grinding work by means of a diamond
cutting tool using lathe, milling cutter, et:c. has been
proposed, which will be effective to some extent. However,
the method‘leads to problems in that it reqdires to use
cutting oils, remove cutting dusts inevitably resulted during
cutting work and to remove the cutting oils remaining on the
cut surface, which after all complicates the fabrication and

reduce the working efficiency. 1In this invention, since the

uneven surface shape of the support is formed by the spherical:

dimples as described above, a support having the surface with
a desired uneven shape can conveniently be prepared with no
problmes as described above at all.

The support 101 for use in this invention may either be
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electroconductive or insulative. The electroconductive
support can include, for example, metals such as NiCr,
stainless steels, Al, Cr, Mo, Au, Nb, Ta, V, Ti, Pt and Pb
or the alloys thereof.

The electrically insulative support can include, for
example, films or sheets of synthetic resins such as
polyester, polyethylene, polycarbonate, cellulose acetate,
polypropylene, polyvinyl chloride, polyvinylidene chloride,
polysty:ene, and polyamide, glass, ceramic and paper. It
is preferred that the electrically insulative support is
applied with electroconductive treatmernt to at least one of
the surfaces thereof and disposed with a light receiving
layer on the thus treated surface.
| In the case of glass, for instance, electroconductivity
is applied by disposing, at the surface thereof, a thin
film made of NicCr, aAl, Cr, Mo, Au, -, Nb, Ta, V, Ti, Pt,
Pd, In

Snoz, ITO(InZG3 + Snoz), etc. In the case of

293
the synthetic resin £ilm such as a polyester film, the
electroconductivity is provided to the surface by disposing
a thin film of metal such as NiCr, Al, Ag, Pv, 2n, Ni, Au,
Cr, Mo, Ir, Nb, Ta, V, Tl and Pt by means of vacuum
deposition, electron beam vapor deposition, sputtering,
etc. or applying lamination with the metal to the surface.

The swupport may be of any configuration such as cylindrical,

belt-like or plate-like shape, which can be properly determined
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depending on the application uses. For instance, in the case
of using one of the light receiving members as shown in
Figures 1(A) through 2(C) as image forming member for use
in electronic photography, it is desirably configurated into
an endless belt or cylindrical form in the case of continuous
high speed reproduction. The thickness of the support memnber
is properly determined so that the light receiving member
as desired can be formed. 1In the case flexibility is required
for the light receiving member, it can be made as thin as
&) possible within a range capable of sufficiently providing the
function as the support. However, the thickness is usually
greater than 10 um in view of the fabrication and handling
«ses Or mechanical strength of the support.
o e Explanation will then be made to one embodiment of a
device for preparing the support surface in the case of
using the light receiving member according to this invention
as the light receiving member for use in electronic photcgraphy
while referring to Figures 6(A) and 6(B), but this invention
is no way limited only thereto.
In the case of the support for the light receiving
member for use in electronic photography, a cylindrical

substrate is prepared as a drawn tube obtained by applying

usual extruding work to aluminum alloy or the like other
material into a boat hall tube or a mandrel tube and further

applying drawing work, followed by optical heat treatment or
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tempering. Then, an uneven shape is formed at the surface
of the'support as the cylindrical substrate by using the
fabrication device as shown in Figure 6(A) and 6(B). The
rigid sphere to be used for forming the uneven shape as
described above at the support surface can include, for
example, various kirds of rigid spheres made of stainless
steels, aluminu, steels, nickel and brass and like other
metals, ceramics and plastics. Among all, rigid spheres of
stainless steels or steels are preferred in view of the
durability and the reduced cost. The hardness of such sphere
may‘be higher or lower than that of the support.

However, in the case of using the rigid sphere repeatedly
used, it is desired that the hardneas is higher than that of
the support.

In order to form the particular shape as above mentioned
for the support surface, it is necessary to use a rigid sphere
of a surface provided with minute irregularities.

Such rigid sphere may be prepared properly in accordance

with a mé¢chanical treatment method such as a method utilizing

plastic processing treatment such as embossing and wave adding

and a surface roughening method such as sating finishing or
a chemical treatment method such as acid etching or alkali
etching.

And the shape (height) or the hardness of the irregularities

as formed on the surface of the rigid sphere may be adjusted

------
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properly by subjécting the rigid sphere to the surface treat-
ment in accordance with electropolishing, chemical polishing
or finish polishing, or anodic oxidatiori coating, chemical
coating, planting, vitreous enameling, painting, evaporation
film forming or CVD film forming.

Figures 6(A) and 6(B) are schematic cross-sectional views
for the entire fabrication device, in which are: shown an
aluminum cylinder 601 for preparing a support, and the cylinder
601 may previously be finished at the surface to an appropriate
smoothness. The cylinder 601 is supported by a rotating
shaft 602, driven by an appropriate drive means 603 such as
a motor and made rotatable around the axial center. The
rotating speed is properly determined and controlled while
considering the density of the spherical dimples to be formed
and the amount of rigid spheres supplied.

A rotating vessel 604 is supported by the rotating shaft
602 and rotates in the same direction as the cylinder 601 does.
1e rotating vessel 604 contains a plurality of rigid spheres
each of which having a surface provided with minute irregular-
ities 605, 605, .... The rigid spheres are held by plural
projected ribs 606, 606, ... being disposed on the inner wall
of the rotating vessel 604 and transported to the upper position
by the rotating action of the rotating vessel 604. The rigid
spheres 605, 605, ... then continuously fall down and collide

against the surface of the cylinder 601 thereby forming a
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plurality of spherical dimples .each of which having an inside
face provided with irregularities when the revolution speed
of the rotating vessel 605 is maintained at an appropriate
rate.

The fabrication device can be structured in the following
way. That is, the circumferential wall of the rotating vessel
604 are uniformly perforated so as to allow the passage of
a wshing liquid to be jetting-like supplied from one or more
of a showering pipe 607 being placed outside the rotating
vessel 604 thereby having the cylinder 601, the rigid spheres
605, 605, ... and also the inside of the rotating vessel 604
washed with the washing liquid.

In that case, extraneous matter caused due to a static
electricity gelherated by contacts between the rigid spheres
or between the rigid spheres and the inside part of the rotating
vessel can be washed away to form a desirable shape to the
surface of the cylinder being free from such extraneous matter.
As the washing liquid, it is necessary to use such that does
not give any dry unevenness or any residue. In this respect,
a fixed oil itself or a mixture of it with a washing liquid
such as trichloroethane or trichloroethylene are preferable.

Light receiving layer 102

The light receiving layer 102 is a layer disposed on
the support 102 as déscribed above and it comprises an

amorphous material basid on silicon atoms and, particularly
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preferably, an amorphous material containing silicon atoms
(Ssi) and at least gne of hydrogen atoms(H) and halogeén
atoms (¥X) - (hereinafter referred to as "a-Si(H,X)") and
also, optionally, containing electroconductive substances.
The light.receiving layer 102 in the light receiving
member according to this invention has a multi-layered
structure. For instance, in the embodiment shown in Figure
1(aA), it comprises a first layer 102' and a second layer 102"
and has a free surface 103 on the side of the light receiving
layer opposite to the support.

The ‘halogen atom(X) contained in the light receiving
layer include, specifically, fluorine, chlorine, bromine
and iodine, fluorine and chloririe being particularly preferred.
The amount of the hydrogen atoms (H), the amount of the halogen
aoms (X) or the sum of the amounts for the hydrogen atoms and
the halogen atoms (H+X) contained in the light receiving
layer 102 is usually from 1 to 40 atm% and, preferably, from
5 to 30 atm%.

In the light receiving member &ccording ¢o this invention,
the thickness of the light receivirig layer is one of the
important factors for effectively attaining the purpose of
this invention and a sufficient care has to be taken therefor
upon designing the light receiving member so as to provide
the member with desired performances. The layer thickness

is usually from 1 to 10 um, preferably, form 1 to 80 um and,

//_‘,.



more preferably, from 2 to 50 um.

By the way, at least one of the elements selected from
oxygen atoms, carbon atoms, nitrogen atoms is contained in
the light receiving layer of the light receiving member
according to this invention mainly with a purpose of
increasing the photosensitivity and the dark resistance of
the light receiving member, as well as improving the close
bondability between the support and the light receiving
layer.

In the case of incorporating at least one of the
elements selected from the oxygen atams, carbon atoms and
nitrogen atoms into the light receiving layer 102, it is
coﬁtained at a uniform distribution or not uniform distribu-
tion in the direction of the layer thickness depending on
the purpose or the expected effects as described above and,
accordingly, the content is also varied depending on them.

That is, in the case of increasing the photosensitivity
and dark resistance of the light receiving member, the
element: is contained at a uniform distribution over the
entire layer region of the light receiving layer. 1In this
case, the amount of at least one of the elements selected
from carbon atoms, oxygen atoms and nitrogen atoms contained
in the light receiving layer may be a relatively small
amount. |

In the case of improving the close bondabiiity between

P




the suypport and the light receiving layer, at least one of
the elements selected from the carbon atoms, oxygen atoms
and nitrogen atoms is contained uniformly in a portion of
the layer region at the end of the light receiving layer
on the side of the support or the element is contained
such that the distribution density of at least one of the
elements selected from the carbon atoms, oxygen atoms and
nitrogen atoms is higher at the end of the light receiving
layer on the side of the support. In this case, the amount
of at least one of the elements selected from the oxygen
atoms, carbon atoms and nitrogen atoms is made relatively
great in order to ensure the improvement for the close bond-
aBility with the support.

on the other hand, the amount of at least one of the
elements selected from the oxygen atoms, carbon atoms and
nitrogen atoms contained in the light receiving layer of
the light receiving member according to this invention is
also determined while considering the organic relationship
such as the performance at the interface in contact with
the support, in addition to the performances required for
thé light receiving layer as described above and it is
usually from 0.001 to 50 atm%,. preferably, from 0.002 to
40 atm% and, most suitably, from 0.003 to 30 atm?%.. By the
way, in the case of incorporating the element in the entire

layer region of the photosensitive layer of the proportion
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of the layer thickness of the layer region incorporated
with the element is greater in the layer thickness of the
light receiving layer, the upper limit for the content is
made smaller. That is, if the thickness of the layer

region incorporated with the element is 2/5 of the thickness

for the light receiving layer, the content is usually less

than 30 atm%, preferably, less than 20 atm% and, most
suitably, less than 10 atm%.

Then, several examples are explained referring to
Figures 7 through 15 in which a relatively large amount of
at least one of the elements selected from oxygen atoms,
carbon atoms and uitrogen atoms are contained in the light
receiving layer according to this invention on the side of
the support, then the amount is gradually decreased from
the end on the side of the support to the end on the side
of the free surface and decreased further to a relatively
small amount or substantially zero near the end of the
light receiving layer ~n the side of the free surface.
However, this invention is no way limited only to these
examples. At least one of the dements selected from carbon
atoms, oxygen atoms, and nitrogen atoms is referred to
hereinafter as "atoms(0O,C,N)".

In Figures 7 through 15, the abscissa represents the
disbribution dei.sity C of the atoms(0,C,N), the ordinate

represent the thickness of the light receiving layer, ty
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represents the position of the interface between the support

and the light receiving layer and t,, represents the position

T
for the free surface of the light receiving layer.

Figure 7 shows the first typical embodiment: of the
distribution state of the atoms(0,C,N) contained in the
light receiving layer in the direction of the layer thickness.
In this embodiment, the distribution density of the atoms
(0,C,N) is at a constant value ¢y from the interface position

tB between the light receiving layer and the support to

the position tl, the distribution density C is continuously

decreased from the density C, from tho position t, to the

2 1

position t,, at the free surface and then the distribution

T

density C of the atoms(0,C,N) is descreased to C, at the

3
position tT.

In another typical embodiment shown in Figure 8, the
distribution density C of the atoms(0,C,N) contained in the
light receiving layer is such that the density C4 is continu-
ously decreased from the positic: ty to the position tT where
it attains Cg.

In the embodiment shown in Figure 9, the distribution
density C of the atoms(0,C,N) is kept at a constant value Ce
from the position tB to the position ty the distribution
density C of the atoms(0,C,N) is continuously decreased
gradually from the density c, from the position t2 to the
positionvtT and the Gistribution density C of the atoms{(0,C,N)

W

A
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is substantially zero at the position tT.

In the embodiment shown in Figure 10, the distribution

density C of the atoms{d,C,N) is continuously decreased from

C8 gradually from the position t_, to the position tm and the

B
distribution density C of the atoms(0,C,N) at the pcsition

tn 1s substantially zero.

In the embodiment shown in Figure 11, the distribution
density C of the atoms(0,C,N) is at a constant density Cq

between the position tB an@d the position t3 and the density

is decreaz=d linearly from the density C, to a /v sity C

9
between the position t, and the position t,-

10

In the embodiment shown in Figure 12, the distribution
density C of the atoms(0,C,N) is at constant density Cll from

the position tB to the position t, and the density is decreased

4

linearly from the density C,, to the density Ci3 between the

12
position t, and the position toe

In the embodiment Figure 13, the distribution density C
of the atoms(0,C,N) is decreased along lingarly till the
density C,, is decreased to substantially zero from the position
tB to the position tT.

In the embodiment shown in Figure 14, the distribution

density C of the atoms(0.C,N) i1s decreased linearly till the

density Cysg is decreased to the density 016 and from the
position t, to the position ty then kept at a constant

density Cy¢ from the position t; to the position toe

L
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Finally in the embodiment shown in Figure 15, the
distribution density C of the atoms(0,C,N) is at a density

¢, ; at the position t gradually decreased initially from

BI

the density C17 and rapidly decreased to a density C near

18
the position t6 and then decreased at the position t (from
the position t5 to the position t6). Then, from the position
te to the position t7, the density is initially decreased
rapidly and, thereafter, gradually decreased slowly to a
density 019 at the position t7. Further, between the position
t7 and the position t8' the density is decreased extremely

gradually to a density Cho at the position t nrther,

g°
the density is gradually decreased from the density 020

substantially to zero from the position t, to the position tT'

6
As shown by the embodiments shown in Figures 7 through

15, in the case where the distribution density C ?f the atoms

(0,C,N) is higher at the end of the light receiving layer on

the side of the support, while the distribution density C is

considerably lower or substantially equal to zero at the end

of the first layer on the side of the free surface, improvement

in the close bondability between the support and the light

receiving layer can be attained more effectively by disposing

a locallized region at the end of the 1iyht raceiving layer

on the side of the support where the distribution density of

the atoms(0,C,N) is relatively higher and, preferably, by

disposing the locallized region at a position within $ um
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f?om the interface position tB between the support surface
and the light receiving layer. ~

The locallized region may be disposed partially or
entirely at the end of the light receiving layer to be
contained with the atoms(0,C,N) on the side of the support,
which may be properly determined in accordance with the
performances required for the light receiving layer to be
formed. It is desired that the amount ot the atoms (0,C,N)
contained in the locallized region is such that the maximum
value of the distribution density C of the atoms(0,C,N) is
greater than the 500 atm ppm, preferably, greater than 800
¢tm ppm  and, most suitably, greater than 1000 atm ppm in
the distribution.

In the light receiving member according to this invention,
substance for controlling the electroconductivity may be
contained to the light receiving layer 102 in a'uniform or
not-uniform distributed state to the entire or partial layer
region.

As the substance for c¢ontrolling the conductivity,
so-called impurities in the field of the semiconductor can
be mentioned and those usable herein can include atomns
belonging to the group III of the periodical table that
provide P-type conductivity (hereinafter simply referred
to as "group II1 atom") or atoms belonging to the group V

of the periodical table that provide n-type conductivity
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(hereinafter simply referred to as '"group V atom").
Specifically, the group III atoms can include B (boron),

Al (aluminum), Ga (gallium), In (indium) and Ti (thallium),
B and Ga being particularly preferred. The group V atoms
can include, for example, P (phosphor), As (arsenic), Sb
(antimony) and Bi (bismuth), P and Sb being particularly
preferred.

In the case of incorporating the group III or group V
atoms as the substance for controlling the conductivity
into the light receiving layer according to this invention,
they are contained in the entire layer region or partial
layer region depending on the purpose or the expected
effects as described below and the c¢ontent is also varied.

That is, if the main purpose resides in the control
for the conduction tyvre and/or coiductivity of the light
receiving layer, the substance is contained in the entire
layer region of the photosensitive layer, in which the
content of group III or group V atoms may be relatively

3

small and it is usually from 1 x 10 -~ to 1 x 102 atm ppm,

2

preferably from 5 x 107° to 5 x lO2 atm ppm and, most

1 to 2 x 102 atm ppm.

suitably, from 1 x 10
In the case of incorporidting the group III or group V

atoms in a uniform distributed state to a portion of the

layer region in contact with the support, or the atoms are

contained such that the distributicn density of the group




&

III or group V atoms in the direction of the layer thickness
is higher on the side adjacent with the support, a partial
layer region containing such group III o group V atoms or
the region containing them at a higher density functions as
a charge injection inhibition layer. That is, in the case
of incorporating the group III atoms, movement of electrons
injected from the side of the support into the light
receiving layer can effectively be inhibited upon applying
the charging treatment of at positive polarity at the free
surface of the light receiving layer. While on the other
hand, in the case of intwrporating the group III atoms,
vaeﬁent of positive holes injected from the side of the
support into the light receiving layer can effectively be
inhibited upon applying the charging treatment. at negative
polarity at the free surface of the light receiving layer.
The content in this case is relatively great. Specifically,
it is generally from 30 to 5 x lO4 atm ppm, preferably, from
50 to 1 x 10% atm ppm and, most suitably, from 1 x 102 to

5 x 103 atm ppm. vThen, for effectively attaining the
foregoing effect, it is desirable that the relationship :
t/t + ty £ 0.4 is established between the layer thickness t
for the portion of the layer region or the layer region
containing the substance at a high density and the layer
thickness ty for the photosensitive layer other than above.

More preferably, the value for the relationship is less than
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0.35 and, most suitably, less than 0.3. Further, the thick-
ness of the layer region is generally from 3 x lO—3 to 10 p,
preferably, 4 x 10_5 to 8 y and, most suitably, from 5 x lO_5
to 5 y.

Further, typical embodiments in which the group III or
group V atoms incorporated into the light receiving layer
is so distributed that the amount therefor is relatively
great on the side of the support, decreased from the support
toward the free surface and is relatively smaller or
substantially egual to zero near the e.:d on the side of the
free surface can be explained by the same embodiments as
those in Figures 7 through 15 that exemplify those cases of
incorporating at least one of the elements selected from
oxygen atoms, carbon atoms and nitrogen atoms to the light
receiving layer as described above. However, this invention
is no way limited only to these embodiments.

As shown in the embodiments of Figures 7 through 15,
in the case where the distribution density C of the group
III or group V atoms is higher at the portion of the ljight
receiving layer near the side of the support, while the
distribution density C is considerably lower or substantially
reduced tz zero in the portion cf the light receiving layer
on the side of the free surface, the foregoing effect that
the layer region where the group III or group V atoms are

distributed at a higher density can form the charge injection
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.inhibition-layer'aé déscribéd ébo?e more effectively, by
.disposing a locallized region where the distribution density
of the group III or group V atoms ié relatively higher at
the portion near the side of the support, preferably, by
disposing the locallized region at a position within 5
from the interface position in adjacent with the support
surface.
while the individual effects have been described above
for the distribution state of the group III or group V
1S atoms, the distribution state of the group III or group v
atoms and the amount of the group III oi group V atoms are,:
o s of céurse,’combined properly as required for obtaining the
onman s }ight receiving member having performances capable:of.
+« + attaining a desired purpose. For.instance, in the'case.of
seol disposing the charge injection iﬁhibition layer at the énd-
cees of the light receiving layer on the side Of'thé support, a
substance for cohtrolliﬁg the'conduétivity of a polarity |
different fiom that of the substance for controlling the
conductivity cdntéined in the.charge injéction'inhibition
Ao . ‘layer may be contained in the light receiving layer other
than the.charge injection'inhibition laYQr, or a substance
for chtfolling the coﬁductivity of the g¢ame polarity may be
contained by an amount substantially smaller than that contained
in the chaﬁge inhibition:layer.

Further, in the light receiving member according to
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this invention, a so-called barrier layer composed of
electrically insulating material may be diposed instead

of the charge injection inhibition layer as the constituent
layer disposed at the end on the side of the support, or

both of the barrier layer and the charge injection inhibition
layer may be disposed as the constituent layer. The material
for constituting the barrier layer can include, for example,
those inorganic electrically insulating materials such as

Si0, and Si.,N, or organic electrically insulating

273’ 2 374
material such as polycarbonate.

Al,0

Figure 1(B) is a schematic view for illustrating the
typical layer structure of the light receiving member that
embodies the second aspect of this invention, in which are
shown a light receiving member 100, a support 101, a free
surface 103, a photosensitive layer 104 and a surface
layer 105. As shown in Figure 1(B), the 1igh£ receiving
member in this embodiment is different from the light
recei.ing layer that embodies the first aspect of this
invention shown in Figure 1 (A) as described above in that
it comprises a light receiving layer having the photosensitive
layer 104 and the surface layer 105 on the support 101 and
identical with the embodiment shown in Figure 1 (A) with
respect to the support 101.

Zxplanation will then be made to the photosensitive

fayer 104 and the surface layer 105,
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Photosensitive layer 104

The photosensitive layer 104 is a layer disposed on
the support 101 and it comprises an amcrphous material
based on silicon atoms and, preferably, an amorphous
material containing silicon atoms (Si) and at least one
of hydrogen atoms(H) or halogen atoms(X) (hereinafter
referred to as "a-Si(H,X)"). The photosensitive layer 104
preferably contains further a substance for controlling the
conductivity. The photosensitive layer 104 may be multi-
layered structure and, particularly preferably, it includes
a so-called barrier layer composed of a charge injection
inhibition layer and/or electrically insulating material
containing a substance for controlling the conductivity
as one of the constituent layers.

The halogen atoms and the substance for controlling
the conductivity contained in the pﬁotosensitive layer 104
is the same as those contained in the light receiving
layer 101 shown in Figure 1(A). The photosensitive layer
is the same as the light receiving layer 102 shown in
Figure 1(A) also with respect to the constitution ir that
a barrier layer composed of a charge injection. inhbition
layer containing group III atoms or group V atoms at a
high concentration and/or electrically insulating material

is disposed to the photosensitiwe layer 104 on the side in

adjacent with the support 10l.
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Surface layer 105

The surface layer 105 is disposed on‘the photosensitive
layer 104 as describea above and the surfacé layer is generally
grouped into the following four types.

One of £hem is constituted‘wiﬁh a-Si(H,X)‘containing
oxygen atoms in a‘unifofmly distributed state (that is a-SioO
(H,X)) .

'"he surface layer‘104 is disposed to the light receiving

layer according to this invention with an aim of improving

‘the moisture-proofness, performance for continuous repeating

use,‘eléctrical voltage withstanding property, circumstantial
resistance property and durability, and these purposes can be
attained by incorporating oxygen atoms in the amorphous
material constituting the surface layer.

Further, in the light receiving member according to this
invention, since each of the amorphous layers contituting‘thé
photosensitive layer 104 and the surface layer 105 contains
common cohstitUent atoms of silicon, a chemical stability 
can be encsured at the interface between the photosensitive
layer 104 and the surface layer 105.‘

The oxygén atoms are contained in a uniformly distributed
state in the surface layer 105, by which the foregoing
various‘properties can be‘impréved in aécdrdance with the
increase in the content of the oxygen atoms. However, if

the content is excessive, the layer quality is reduced and
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electrical and mechanism properties are also degraded. 1In
view of the above, the amount of the hydrogen atoms is
usually from 0.001 to 90 atm%, preferably, from 1 to 90 atm%
and, most suitably, from 10 to 80 atmg.

It is desired that either one of the hydrogen atoms
or halogen atoms is contained also in the surface layer
and the amount of the hydrogen atoms(H), the amount of the
halogen atoms (X) or the sum of the amounts for the hydrogen
and tﬁe halogen atoms (H+X) contained in the surface layer
105 is usually from 1 to 40 atm%, preferably, from 5 to 30
atm$ and, most suitably, from 5 to 25 atms%.

The surface layer 105 has to be formed with an utmost
care so as to obtain the properties as desired. That is,
the state of the substance comprising silicon atoms, oxygen
atoms and, further, hydrogen atoms and/or halogen atoms as
the constituent atoms is from crystalline to amorphous state,
the electrical property of the layer may vary from the
conductive, to semiconductivity and insulating property
and, further, the photoelectronical property of the layer
may also wary from photoconductive to non-photoconductive
property depending on the content of each of the constituent
atoms and other conditions of preparation. Accordingly,; it
is essential to select the content for each of the constituent
atoms and the preparation conditions such that the surface

layer 105 having desired properties depending on the purpose
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can be formed.

For instance, in the case of ‘disposing the surface
layer 105 mainly for improving the electrical voltage
withstanding property, the amorphous material constituting
the surface layer 105 is formed such that it exhibits
remarkable electrically insulating behavior under the
working conditions. Further, in the case of disposing the
surface layer 105 mainly for improving the properties in
the continuous repeating use or the circumstantial-resistant
property, the amorphous layer constituting the surface layer
105 is formed such that the layer has a photosensitivity to
some extent to the irradiated light, although the degree of
the electrically insulating property is somewhat moderated.

In this invention, the thickness of the surface layer
is also one of the important factors for effectiwvely
attaining the purpose of this invention and it is properly
determined depending on the desired ‘»urposes. It is, however,
also necessary that the layer thir’'aess is determined in

view of relative and organic relationships in accordance

. with the amounts of the oxygen atoms, halogen atoms and

hydrogen atoms contained in the layer or the properties
required for the surface layer. Further, it should be
determined also in economical point of veiw shu¢h as produc-
tivity or mass productivity. In view of the above, the

thickness of the surface layer is usually from 3 x 1073 to
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30 p, preferably, from 4 x J.O—3 to 20 p and, most preferably,

from 5 x 1073

to 10 yp.

The second embodiment for the surface layer 105
comprises a-Si containing at least one of the elements
selective from oxygen atoms(0), carbon atoms(C) and nitrogen
(N) and, preferably, at least one of the elements of hydrogen
atoms (H) and halogen atoms(X) (hereinafter referred to as
"a-5i(0,C,N) (H,X) "), and it provides a function of reducing
the reflection of the incident light at the free surface 103

&) of the light receiving member and increasing the transmission

$*'"’.  rate, as well as a function of improving various properties
®

-:u-s such as moisture proofness, property for continuous repeating

e &s

**,* use, electrical voltage withstanding property, circumstantial-
coss resistant property and durability of the light receiving

L] e
o L

weus member.
' In this case, it is necessary to constitute such that

«les”  the optical band gap Eopt possessed by the surface layer

Tt and the optical band gap Eopt possessed by the photosensitive

layer 104 directly disposed with the surface layer are

29&5;_ matched at the interface between the surface layer 105 and

«, ¢+ the photosensitive layer 104, or such optical band gaps are

. ,E matched to such an extent as capable of substantially preventing
the reflection of the incident light at the interface between

the suface layer 105 and the photosensitive layer 104.

Further, in addition to the conditions as described
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above, it is desirable to constitute such that the optical
band gap Eopt possessed by the surface layer is sufficiently
larger at the end of the surface layer 105 on the side of
the free surface for ensuring a sufficient amount of the
incident light reaching the photosensitive layer 104
disposed below the surface layer. Then, in the case of
adapting the optical band gaps at the interface between

the surface layer 105 and the photosensitive layer 104,

as well as making the optical band gap Eopt sufficiently
larger at the end of the surface layer on the sic¢ of the
free surface, the optical band gap possessed by the surface
layer is continuously varied in the direction cf the thickness
of the surface layer.

The value of the optical band gap Eopt of the surface
layer in the direction of the layer thickness is controlled
by controlling, the content of at least one of the elements
selected from the oxygen atoms(0), carbon atoms(C) and
nitrogen atoms(N) as the atoms for adjusting the optical
band gaps contained in the surface layer is controlled.

Specifically, the content of at least one of the
eleiants selected from oxygen atoms(0), carbon atoms(C) and
nitroyan atoms(N) (hereinafter referred to as "atoms(0,C,N)")
is adjusted nearly or equal to zZero at the end of the photo-
sensitive layer in adjacent with the surface layer.

Then, the amount of the atoms(0,C,N) is continuously
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increcased from the end of the surface layer on the side of
the photosensitive layer to the end on the side of the
free surface and a sufficient amount of atoms(0,C,N) to
prevent the reflection of the incident light at the free
surface is contained near the end on the side of the free
surface. Hereinafter, several typical examples for the
distributed state of the atoms(0,C,N) in the surface
layer are explained referring to Figures 16 through 18, but
this invention is no way limited only to these embodiments.

In Figures 16 through 18, the abscissa represents the
distribution density C of the atoms(0,C,N) and silicon
atoms and the oxrdinate represents the thickness t Af the
surface layer, in which t is the position for the interface
between the photosensitive layer and the surface layer, tF
is a position for the free surface, the solid line represents
the variation in the diétribution density of the atoms (0Q,C,N)
and the broken line shows the variation in the distribution
density of the silicon atoms(si).

Figure 16 shows a first typical embodiment for the
distribution state of the atoms(0,¢,N) and the silicon
atomg (Si) contained in the surface layer in the direction
of the layer thickness. 1In this embodiment, the distributicn
density C of the atowms(0,C,N) is increased till the density
is increased from zero to a density Cy from the interface

position tT to the positkion &y linearly. While on the other
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‘the position t

hand, the distribution density of the silicon atoms is

decreased lihearly from a density C, to a density C; from
the position t; to the position tn. The distribution density

¢ for the atoms(0,C,N) and the silicon atoms are kept at

1
In the embodiment shown in Figure 17, the distribution

constant density C, and density C3 respectively.

density C of_thé atoms (0,C,N) is increased linearly from

the density zero to a density c, from the interface position

tq to the position,t3, while it is kept at a constant density
¢, from the pOSition,t3 to the position t,. While on the

other hand, the dist;ibution density C of the silicon atoms
5 6 from
to the position t,, decreased linearly from

is decreased linearly from a density C. to a density C

T
the density CstoELdensity C from the position ty to the

positior. ty, and kept at the constant density Cy from the

position t; to the position t In the case where the density

Fc
of the silicosn atoms is high ot the initial stage of forming
the aurface layer, the film forming rate is increased. In

thiz case, the film forming rate can be compensated by decreasing

the distribution density of the silicon atoms in the two steps

as in this embodiment. |

In the embodiment shown in Figuré—lé, the'distfibution
dengity of the atcms(o,c,N) is écntinuously increase from
zero Lo a density CQ from the posiﬁion t, to the position Eyr

while the distribution density € of the silicon atoms($i) is
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continuously decreased from a density C, to 2 density C

9
The distribution density of the atoms(0,C,N) and the

10°

distribution density of the silicon atoms(Si) are kept at

a constant density CB and a constant density C respectively

10

from the position t, to the position tF. In the case of

4
continuously increasing the distribution density of the atoms
(6,C,N) gradually as in this embodiment, the variation
coefficient of the reflective rate in the direction of the
layer thickness of the surface layer can be made substantially
constant.

As shown in Figures 16 through 18, in the surface
layer of (e light receiving member according to this
invention, it isg desired to dispose a layer region in which
the disc.ribution density of the atoms(0,C,N) is made
substantially zero at the end of the surfacc layer on the side
of the photosensitive layexr, increased continuously toward
the free surface and made relatively high at the end of
the surface layer on the siZe of the free surface. Then,

the thickness of the layer region in this case is usually

_ made greater than 0.1 um for providing a function as the

reflection preventive layer and a function as the protecting
layer.

It is desired “hat, ot least one of the hydrogen atoms
and the halogen atoms are contained also in the surface

layer, in which the amount of the hydrogen atoms(H), the
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amount of lie halogen atoms (X) or the sum of the hyd:rogen
atoms and the halogen atoms (H+X) are usually from 1 to 40
atmz, preferably, from 5 to 30 atm% and, most suitably, from
5 to 25 atm%.

Further, in this invention, the thickness of the
surface layer 3 also one of the most important factors for
effectively attaining the wurpose of the inventiorn, which
is properly determined depending on the desired purposes.

It is required that the layer thickness is determined in
view of the relative and organic relationship in accordance
with the amount of the oxygen atoms, carbon atoms, nitrogen
atoms, halogen atoms and hydrogen atom contained in the
surface layer or the properties required for the surface
layer. Further, it should be determined also from the
economical point of wview such as productiviey and mass
productivity. In view of the above, the thickness of the

surface layer is usually from 3 x 10'3 to 30 yu, preferably,

from 4 x 1073

to 20 y and, particularly preferably, from
5 x lO—3 to 10 p.

The third embodiment of the surface “ayer 105 provides
a function of reducing the reflection and increasing the
transnission rate at the free surface 104 of the 1, Aht
recaiving layer, that is, the reflection preventive function,

as well as the function of improving variouis properties

such as the moisture prwofness, the property for continuous
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'Tioz, 2ns, CeOz, CeF

repeating use, électrical voltage withstanding property,
circumstantial resistance and durability bf the light
resaiving member. |

Further, the material for fbrﬁing the éurface layer
is required to satisfy varioqs conditions in that it can
provide the excellent refléction preventive function for
the layer constituted thefewith, and a functionof improving
the varinus propefties_as_described above, as well as those
conditions in that it does not give undesired effects
on the photocdnductivity-of the light receiving_member,

provides an adequate electronic photographic property, for

~example, an electric resistance over a cextain level,

provide an excellent solvent resistance in the case of
uéin§ the liquid developing process and it does not reduce
the vurious properties of the first layer already formed.
Those materials that can satisfy such various conditiong
and can be used effectively include, for example, at least

one of materials selected from inorganic fluorides, inorganic

oxides and inorganic sulfides such as MgF2, Al20u, Zr02,

3
37 Ta205, AlF3 and NaF. |
Further, for effectively preventing the reflection
prevention, it is desired to selectively use those materials
capable of satisfying the conditions represented by the

equation :

n = n




where n represents the refractive index of the material for
forming the surface layer and n_  represents the refractive
index of the layer constituting the photosensitive layer
laminated directly to the surface layer.

Several examples of the refractive indexes of inorganic
fluorides, inorganic oxides and inorganic sulfide or the
mixture thereof as described above will now be referred to.
The refractive index is varied somewhat depeuding on the
kinds of the layer to be prepared, conditions and the like.
Numeirical values in the parentheses represent tle refractive
index.
yAd0)

(2.00), TiOo, (2.26), ZrOZ/T‘iO2 = 6/1 (2.08),

2 2

Ti0,/2r0, = 3/1 (2.20), GeO, (2.23), 2znS (2.24),

2
A1203 (1;63), CeF3 (1.60), A_J.,203/Zro2 =1/1 (1.66),
MgF, (1.38)

Further, it is desirable that the thickness ‘d of the
surface layer can satisfy the conditions expressed by the
following ecjuation |
A

4
n

d =

m (n is a positive odd number)

where d represents the thiCkness‘of the surface layer,‘n
represents the refractive index of the material constituting
the surface layer and A represents the wavelengtﬁ of the
irvadiated light. Specifically, in the case where the wave;

length of the exposing‘light‘is‘withih the wavelength range'
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from the near infrared to the visible rays the thickness d
of the surface layer is preferably defined ‘as from 0.05 to
2 um.

In the last embodiment of the surface layer 105, the
surface layer is constituted as a multi-layered structure
at least comprising an abrasion-resistant layer at the
outeirmost side and the reflection preventive layer at the
inside in order to overcome the problems of the interference
fringe or uneven sensitivity resulted from the uneven
thickness of the surface layer. That is, in the light
receiving member comprising the surface layer of the multi-
layered structure, since a plurality of interfaces are
resulted in the surface layer and the reflections at the
respective interfaces are offset with each other and,

accordingly, the reflection at the interface between the

surface layer and the light sensitive layer can be decreased,

the problem in the prior art that the reflection rate is
changed due to the uneven thickness of the surface layer
can bhe overcome.

It is of course possible to constitute the abrasion

‘resistant layer (outermost layer) and the reflection preventive

layer (inner layer) for constituting the surface layer as
a single layer structure or two or more multi~layered
structure provided that the propertiess zsquired for them

can be satisfied.
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For‘constituting the surface layver as subh‘a multi-
layered structure, the¢ optiocal band gaps (Eopt) of the
. layer constituting the abrasion-resistant‘layer (outermdst‘
layer) and the reflection preventive layer (inner layer)
are made different. Specifically, it is adapted éuch that
the refractive index of thé abrasion—resistant‘la;er
(outermost layer), the refractive index of the rerllection

preventive layer (inner layer) and the refractive index

of the photosensitive layer to which the surface layer is

(& disposed directly are made different from each other.
$ e Then, the reflection at the interface between the
‘"""l photosensitive layer and the surface layer can be reduced
va %o ) .
o o ° . ' .
‘..:“ to zero by satisfying the relationship represented by the
. .. following equation :
.o:.ai. '

ny =/ n;, n, (where nl<n3<n2)

L |

. et . 2nd = (1/2 + m)A (m represents an integer)
[ .

where hl is the refractive index of the photosensitive layer,
n, is a refractive index of the abrasion-resistant layer

constituting the surface laver, n, is a refractive index

ﬁ?c; of the reflection preventive layer, d is a thickness of the

. . reflection preventive layer and A is the wavelength of the

incident light. | |
Although the relationship is defined as . n1<n3<n2 in

the embodiment described above, the relation is not always
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limited only thereto but it may, for example, be defined
as n,<n,<n,.

Further, the material for forming the surface layer
is regquired to satisfy conditions in that it can provide
the function of reducing the reflection of the incident
light to the light receiving member and increasing the
transmission rate, and improving various properties of the
light receiving member such as moisture proofness, property
for the continuous repeating use, electrical voltage with-
standing property, circumstantial resistance and durability,
as well as those conditions in that it does not give
undesired effects on the photoconductivity of the light
receiving member, provides zlectrophotographic property,
for example, an electrinsl resistance over a certain level,
provides an excellent solvent resistance in the case of
using the liquid developing process and it does not reduce
the various properties of the photosensitive layer already
formed. Those materials that can satisfy such various

conditions and can be used effectively include amorphous

- materials containing silicon atoms(Si) and at least one of

the elements selected from oxygen atoms(0), carbon atoms (C)
and nitrogen atoms(N) and; preferably, further at least

one of hydrogen atoms(H) and halogen atoms (X) (hereinafter
referred to as "a-si(o,C,N) (H,X)"), or at least one of the

elements selected from inorganic fluorides, inorganic oxides

- 60 -



:
i
|
f

- and inorganic sulfides such as MgF

o A1203, Zns, Ti02, Zr02,

CeO CeF AlF3 and wNarF.

2 37
In the case of constituting the surface layer with an
amorphous material containing silicon atoms, and at least
one of the elements selected from oxygen atoms, carbon
atoms or nitrogne atoms, the refractive indexes are made
different by making the anount of oxygen atoms, carbon atoms
or hydrugen atoms contained in the surface layer different
between the abrasion-resistant layer and the reflection
preventive‘layer. Specifically, in the case of constituting
the photosensitive layer witii a-SiH and the surface layer
with a-SiCH, the amount of the carbon atoms contained in
the abrasion-resistant layer is made greater than the amount
of the carbon atoms contained in the reflection preventive
layer and the refractive index ny of the photosensitive layer,
the refractive index nj of the reflection preventive layer,
the refractive index n, of the abrasion-resistant layer and
the thickness d of the abrasion-resistant layer are made as:
an>2.0, n2¢33.5, n3ﬁg2.65 and dQ:iSSX respectively. Further,
by making the amount of the oxygen atoms, carbon atoms or
nitrogen atoms contained in the surface layer different
between the abrasion-resistant layer and the reflection
preventive layer, the refractive indexes in each of the

layers can be made different. Specifically, the abhrasion=«

resistant layer can be formed with a-SiC(H,X) and tha
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reflection preventive layer can be formed with a-SiN (N, X)
or a-SiO(H,X).

At least one of the elements selected from the oxygy¢
atoms, carbon atoms and nitrogen atoms is contained in a
unformly distributed state in the abrasion-resistant layex
and the reflection preventive layer constituting the surface
layer. The foregoing various properties can be improved
along with the increase in the amount of thuge atoms
contained. However, if the amount is excessive, the layer
quality is lowered and the electrical and mechanical properties
are aios degraded. In view of the above, the amount of
these atoms contained in the surface layer is defined as
usually from 0.001 to 90 atm%, preferably, from 1 to 90 atm?
and, nost suitably, from 10 to 80 atm%. Further, it is
desirable that at least one of the hydrogen atoms and halogen
atoms is contained in the surface layer, in which the amount
of the hydrogen atoms (H), the amount of the halogen atoms (X)
or the sum of the amounts of the hydrogen atoms and the
halogen atoms (H+X) contained in tha suxface layer is usually
from 1 to 40 atm%, preferably, from 5 to 30 atm% and, most
suitably, from 5 to 25 atmti.

Furthermore, in the case of constituting the surface
layer with at least one of the compounds selected from the
inorganic fluorides, inorganic oxides and inorganic sulfides,

they are selectively used guch that the refrastive indexes
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in each of the photosensitive layer, the abrasion-resistant
layer and the reflection preventive layer are different and
the foregoing conditions can be satisfied while considering
the refractive indexes for each of the inorganic compounds
exemplified above and the mixture thereof. Numerical values
in the parentheses represaent the refractive indexes of the
inorganic compounds and the mixtures thereof.
z2ro, (2.00), Tio2 (2.26), Zr02/TiO2 = 6/1 (2.09),
Tio2/ZrO2 = 3/1 (2.20), GeO, (2.23), zZnS (2.24),
Al,04 (1.63), GeF, (1L.60), A1203/Zr02 = 1/1 (1.68),
MgF2 (1.38). These refractive indexes may of course vary
somf;swhat depending on the kind of the layer prepar~d and
the preparing conditions.

Furthermore, the thic¢kness of the surface layer is
one of the important factors for effectively attaining the
purp< ce of this invention and the thickness is properly
determined depending on the desired purposes. It is required
that the thickness be determined while considering the
relative and organic relationships depending on the amount
of the oxygen atoms, carbon atoms, nitrogen atoms, halogen
atoms and hydrogen atoms contained in the layer or the
properties required for the surface layer. Further, the
thickness has to be determined also from economical point of
view such as the productivity and the mass productivity.

In view of the above, the thickness of the surface layer is
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usually from 3 x 10-3 to 30 u, more preferably, from 4 x 10-3

to 20 u and, most preferably, 5 x 1073 to 10 u.

Figure 1(C) is a schematic view for illustrating the
typical layer structure of the light receiving member that
embodies the third aspect of this invention, in which are
shown a light receiving member 100, a support 101, a free
surface 103, a photosensitiv=2 layer 104' and a surface
layer 105°'.

As shown in Figure 1(C), the light receiving member
that embodies the third aspect of this invention is identical
with the light receiving menber illustrated in Figure 1(B) as
described above in that it comprises on the support 101
a light receiving layer having a photogensitive layer and
a surface layer. Of course, the support 101 is identical
with that shown in Figures 1(A) and (B), but the constituent
macerials for the photasensitive layer 104' and the surface
layer 105' are different from those for the photosensitive
layer 104 and the surface layer 105' described above.
Explanation will then be made to the photosensitive layer
1C4' and the surface layer 105°'.

Photosensitive layer 104'

The photosensitive layer 104' is a layer disposed on
the support 101 and it comprises an amorphous material
containing silicon atoms and at least one of the elements

selected from oxygen atoms, carbon atoms and nitrogen atoms
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and, further preferably, containing either One'of.hydrogen
atoms oxr halogen atoms (hereinafter referred to as "a-Si
(0,Cc,N)(H,X)") and it further contains, as rquired, a-
substance for conﬁrolling the condUctiviﬁy.. The photo-
sensitive layer 104' may have a multiflayered structure

and, particularly:préferablyé it cémprises a charge injection
inhibition iayer ¢ontaining a substance for controlling the

conductivity as one of the constituent layers and/or a

barrier layer as one of the constituent layers.

The halogen atoms and the content thereof that can be

incorporated into the photosensitive layer 104' are the

- same as those in the case of the light receiving layer 102

' and the photosensitive layer 104 as described above.

Further, the amount for at least one of the elements selecﬁed
from oxygea atoms, carbon atoms and nitrogen atoms that can
be éontained in the light sensitive layer 104‘ (héréinafter
referred to as‘"atoms(O,C,N)“) and the distribution state of
the atoms(0,C,N) are identical with the case in the light
receiving layer 102 as described above. Tﬁat.is, the atoms
(0,C,N) may be contained uniformly in the entire or partial
region layer of the photosensitive léyﬁr 104"' nr, altérnéti&ely,'
they may be cdntained not uniformly to the entire or a partial
layer region of the photosensitive layer 104', specifically,

as shown in Figures 7 through 16 for instance.

Further, the amount of the substance for controlling
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the conductivity that can be incorporated into the photo-
sensitive layer 104',_that is, the amount-of the group III
atoms or group v aﬁoms, as weli as the distribution state
thereof are identical-as those in the case of the light
receiving.layer_IOZ and'the photosensitive,layer 104.

' Furtherﬁore, a chafge injection inhibition layer
containing the'group'IIi atoms or group V atoms at a high
denéity and/or.a lharrier layer comprising an electrically
insnlating material can also be disposed to the photosensitive
layer.104' on the.side of the support in the same way as

in the light receiving layer 102 shown in Figure 1(A) and

‘the photosensitive layer 104 shown in Figure 1(B).

Surface layer 105°'

The surface layer 105' is a layer disposed on the
photosensitive layer 104' as described above and tne
surface layer 105' can generally be divided into the
following four types.

The first embodiment comprises an'amorohous silicon
containing at least one of the elements selected from oxygen
atoms, carbon atoms or nitrogne atomS'not contained in the
first layer in aVUniformly distribnted state (hefeinafter
referred to as "a-Si(0,C,N) (H,X)"). The surface layer 105'
is diéposed_for improving:thé moistuﬁe—broofness property

for continuous repeating use, electrical voltage withstanding

property, ciroumStantial resistance and durability. These
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purposes can be attained by incbrporating at least one of
the oxygén étoms, carbon atoms or nitrogen atoms into the
amorphous material constituting the surface layer.

Since eaéh of the‘amorphOUS materials constituting the

surface layer 105' and the photosensitive layer 104'

comprises common constituent atoms of silicon, a chemical

stability can be ensured at the interface between the
surface layer 105' and the photosensitive layer 104°'.

' The 6xygen atbms, carbon atoms and nitrogen atoms are
contained in a uniformly distributed state in the surface
layer 105', in which the various properties as described
above are impréved along with the increase in the amount
of these atoms contained. However, if the amount is excassive,
the layer quality is lowered and electrical and mechanical
properties are also degraded. In view of the above, the
content of the atoms is defined usually from 0.001 to 90
atm%, preferably, from 1 to 90 atm% and, most SUitably, from ‘
10 to 80 atms. | |

It is desired that at ieast one of the hydxogen atoms
and halogen atoms is contained also in the surface layer
105', in which the amount of the‘hydrdgeh atoms (H) , the
amount of the haldgeﬁ atoms (X) or the sum of the amounts
of the hydrogen atoms and the halogen atoms (H+X) contained
in the surface layer l05"is usually from 1 to 40 atmg,

preferably,‘from 5 to 30 atm% and, most suitably, from 5
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to 25 atm%.

The surface layer has to be formed with arn utmost care
so that properties can be obtained as desired. That is,
since the material comprising silicon atoms and at least
one of the elements selected from oxygen atoms, carbon atoms
and nitrogen atom and, further, hydrogen atoms and/or halogen
atoms as the constituent atoms varies from the crystalline
to amorphous state in the form, from the conductive to
semiconductive or insulating property in the electrical
property and: from the photoconductive to non-~ghotoconductive
property in the photoconductive property respectively.
Accordingly, it is important to select the content for each
of the constituent atoms and the preparing conditions so that
a surface layer having desired properties depending on the
purposes can be formed.

For ‘instance, in the case of disposing the surface
layer mainly for improving the electrical voltage withstanding
property, the amorphous material constituting the surface
layer 105' is formed as showing remarkable electrical
insulating behaviors under the working conditions. Further,
in the case of disposing the surface layer mainly for improving
the property of the gontinuous repeating use or the circumstan-
tial resistance the amorphous material constituting the
surface layer 105' is formed so as to provide a certain

level of photosensitivity to the irradiated light, while




51

the degree of the electrical insulating property described
above is moderated to some extent.

Furthermore, the thickness of the surface layer 105'
is also one of the important factors for effectively
attaining the purpose of this invention and it is properly
determined depending on the desired purposes. It should
also be determined under the relative and organic relation-
ship in accordance with the amount of the oxygen atoms,
carbon atoms, nitrogen atoms, halogen atoms and hydrogen
atoms or the properties required for the surface layer.

In view of the above, the thickness for the surface layer

5

is usually from 3 x 10 ~ to 30 u, more preferably, from

4 x 10‘5 te 20 p and, particularly preferably, from 5 x 10“5
to 10 y.

The second embodiment of the surface layer 105!
comprises an a-Si containing at least one of the elements
seléected from oxygen atoms (0), carbon atoms(C) and nitrugen
atoms (N) and, further preferably, at least one of the elements
selected from hydrogen éioms(H) and halogen atoms (X) (herein-
after referred to as "a-Si(0,C,N) (H,X)"), which provides
a function of decreasing the incident light and increasing
the transmission rate at the free surface 103 of the various
properties such as receiving member, as well as a function

of improving the moisture proofness, property for continuous

repeating use, electrical voltage withstanding property,
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circumstantial resistance and durability of the light receiving
menber.
In this case, it has to be constituted such that the

optical band gap Eopt possessed by the surface layer 105

and the optical band gap Eopt possessed by the photosensitive
layer 104' to which the surface layer is directly disposed
are matched with each other at the interface between the
surface layer 105' and the photosensitive layer 104', or

the optical band gaps are matched to such an extent as the

\C reflection of the incident light at the interface between

oe @@

:*,.* the surface layer 105' and the photosensitive layer 104' can

o [

*:***! be prevented substantially.

9 oo

. Furthermore, in addition to the conditions described

LAE X
L]
ke above, it is desired to constitute such that the optical

***"  pand gap Eopt possessed by the surface layer is made
sufficiently greater at the end of the surface layer 105'

on the side of the free surface for sufficiently insuring

the amount of the incident light reaching the photosensitive
layer 104' disposed below the surface layer at the end of
AO .« the surface layer 105' on the side of the free surface.

Then, it is constituted such that the optical band gap

Eopt is matched at the in‘terface between the surface layer
105' and the photosensitive layer 104', as well as the
optical band gap varies continuously in the direction of

the thickness of the surface¢ ayer in the case of adapting
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the optical band gap Eopt to be sufficiently greatexr at the
end of the surface layer on the side of the free surface.

The value of the optical band gap Eopt of the surface
layer in the direction of the layer thickness is controlled
as described above by controlling the amount of at least
one element selected from oxygen atoms(0), carbon atoms(C)
and nitrogen atoms(N) to be contained in the surface layer
as the adjusting atoms for the optical band gap.

Sepcifically, in the case where at least one of the
elements selected from the oxygen atoms(0), the carbon
atoms (C) and the nitrogen atoms (N) (hereinafter referred to
as "atoms(0,C,N)") are not contained at the end of the
photosensitive layer 104' on the side in adjacent with the
surface layer 105', the content of the atoms(0,C,N) at the
end of the surface layer in adjacent with the light sensitive
layer is made equal or near to zero. While on the other hand,
in the case that the atoms(0,C,N) are contained at the end
of the photosensitive layer 104' in adjacent with the
surface layer 105', the content of the atoms(0,C,N) at the
end of the surface layer in adjacent with the light sensitive
layer and thw content of the atoms(0,C,N) at the end of the
photosensitive layer on the side in adjacent with the surface
layer are made equal or substantially equal with each other.
Then, the amount of the atoms(0,C,N) is continuously increased

from the end of the surface layer on the side of the photo=-
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sensitive layer to the end on the side of the surface layer,
and a sufficient amount of atoms(0,C,N) to prevent the

reflection of the incident light at the free surface is

? contained near the end on the side of the free surface.
Several examples of the distribution state of the atoms(0,C,N)
in the surface layer will now be explained referring to
Eigﬁres 16 through 18, but this invention is no way limited
only to these examples.

In Figures 16 through 18, the abscissa represents the

’ \O distribution density C of thke atoms(0,C,N) and the silicon
¢+, atom,, while the ordinate represents the thickness t of the
‘2”"3 surface layer, in which, ta is an interface position between

» the photusensitive layer and the surface layer, tF is a free

e surface position, the solid line represents the variation in

the distribution density of the atoms(0,C;N) and the broken

line shows the variation in the distribution density of

the gilicon atoms (Si).

Figure 16 shows a first typical embodiment of the

distribution state of the atomy{0,C,N) and the silicon atoms

RE | (Si) contained in the surface layer in the direction of the

layer thickness. In this embodiment, the distribution
density C of the atoms(C,C,N) is increased linearly from
zoro to a density Cl from the interface position tT to the
position #,, while the distribution density of the silicon

atoms is decreased linearly from a density Cy to a density Cy-
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From the position tl to the position tF, the distribution
density C for the atoms(0Q,C,N) and the silicon atoms are

kept at constant density C, and density C, respectively.

1 3
In the embodiment shown in Figure 17, the distribkution
density C for the atoms(0,C,N) is increased linearly from
the density zero to a density Cy from the interface position
tT to the position t3
Cy from the position t

and it is kept at a constant density

to the position t While on the

3 F*
other hand, the distribution density C of the silicon atoms

is increased linearly from a density C. to a density C6

5

from the position t_, to the position tos decreased linearly

T

from the density C6 tc a density C7 from the position t2

to the position t, and kept at a constant density C, from

3

the position t., to the pesition tF. In the case where the

3
density of the silicon atoms is higher at the initial stage
of forming the surfaée layer, the film-forming speed is
iricreased. In this case, the film-forming speed can be
compensated by decreasing the distribution density for the
silicon atoms in two steps as in this embodiment.

In the embodiment shown in Figure 18, the distribution
density of the atoms(0,C,N) is continuously increased from
the densitv zero to a density Cgs while the distribution
density C of the silicon atoms(Si) is continuously decreased

from a density Cq to the density Cio from the position to T

the position t4, The distribution density of the atoms(0,C,N)
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and the distribution density of the silicon atoms (Si) kept

at constant density C, and the density C respectively from

8 10
the position t4 to the position tF. As in this embodiment:,
in the case of continuously increasing the distribution
density of the atoms(0,C,N) gradually, the variation
coefficient for the refractive index in the thickness in the
direction of the thickness of the surface layer can be made
substantially constant.

In the surface layer 105', it is desirable as shown

\O ‘in Figures 16 through 18 that the distribution density of

A the atems(0,C,N) is substantially reduced to zero at the

° L]
°

ay.d end of the surface layer on the side of photosensitive laver,

L3
L)
e

L)

e
a %6 N N . B
* ,* which is continuously increased toward the free surface,

LN

aae and a rxegion layer at a relatively high density is disposed

[ ] R )

L]

»3¢s’ at the end of the surface layer on the side of the free
surface. Then, the thickness of the layer region in this

«i+' case is usually defined so as to be greater than 0.1 um so

a as to provide a function as a reflection preventive layer
and the function as the protecting layer.

QC It is desired that at least one of hydrogiie atoms and
halogen atoms in contained also in the surface layer, in
which the amount of the hydrogen atoms (H), the amount of the
halogen atoms(X) or the sum of the amounts for the hydrogen
atoms and the halogen atoms (H+X) is usually from the 1 to

40 atm%, preferably, 5 to 30 atom% and, most suitably, 5 to

- 74 -

\ - T g e T



25 atm%.

The thickness of the surface layer 105' is also one
of the important factors for effectively attaining the
purpose of this invention and it is properly determined
depending on the desired purpoces. It is also necessary
that the thickness is defined under relative and organic
relationships depending on the amount of the oxygen atoms,
carbon atoms, nitrogen atoms, halogen atoms and hydrogen
atoms contained in the layer or depending on the properties

\O . required for the surface layer. Further, it should be

2' Q determined also from the economical point of veiw such as
vttt the productivity and the mass productivity.

te €°

A In view of the above, the thickness for the surface

layer is usually from 3 x 10-3 to 30 p, more preferably,

from 4 x lO-3 te 20 p and, particularly preferably, from
5 x 1073 to 10 . '

As the third and the fourth embodiment as the surface
layer 105', the third and the fourth embodiment of the
surface layer 105 in the photoreceiving member shown in

_Figure 1(B) can be used as they are. That is, the third

embodiment has a surface layer having a function of preventing

reflection and the fourth embodiment provides a surface
layer of a multi-layered structure at least comprising
an abrasion-resistant layer at the outermeost side and a

reflection preventive layer to the inside.
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By adapting the layer structure of the light receiving
member according to this invention as described above, all
of the various problems in the light receiving members
comprising a light receiving layer constituted with
amorphous silicon as described above can be overcome.
Particularly, in a case of using the coherent laser beams
as an optical source, it is possible to remarkably prevent
the occurrence of the interference fringe pattern upon
forming imagyes due to the interference phenomenon thereby
enabling to obtain reproduced image at high quality.

Further, since the light receiving member according
to this invention has a high photosensitivity in the entire
visible ray region and, further, since it is excellent in
the pliotosensitive property on the side of the longer
wavelength, it is suitable for the matching property,
particularly, with a semiconductor laser, exhibits a rapid
optical response and shows more excellent electrical,
optical and electroconductive natures, electrical voltage
withstand property and resistance to working circumstances.

Particularly, in the case of applying the light receiving
member to the electrophotography, it gives no undesired
effects at all of the residual potential to the image
formation, stable electrical properties high sensitivity
and high 8/N ratio, excellent light fastness and property

for repeating use, high image density and clear half tonga
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and can provide high quality image with high resolution
power repeatingly.

The method of forming the light receiving'layer.
according to this jinivention will now be explained. |

The amorphous material constituting the light receiving
layer in this invention is prepared by vécvﬁm/depositing
method utilizing the diécharging phenomena such as glow
discharging, sputtering and ion plating progesées. ‘These
production prOCesées are properly used selectively depending
on the factors such as the manufacturing conditions, the
installation cost required, production scale and properties
required fof the light receiving members to be prepared.

A glow discharging process or sputtering process is suitable

‘since the control for the condition upon preparing the light

‘receiving members having desired properties are relatively

easy and carbon atoms and hydrogen atoms can be introduced

~easily together with silicon atoms. The glow discharging

process and the sputtering process may be used together in
one identical system.

Basically, when a layer constituted with a-Si(H,X)
is formed for example, by the glow discharging:process,
gaseous starting material for supplying Si capable of
supplying silicon atoms(Si) and introducéd togehter with
gaseous starting material for introdubihg Hydrogen atoms (H)

and/or halogen atoms(X) into a deposition chamber the inside
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pressusa of which can be reduced, glow discharge is generated
in the deposition chamber and a layér composédvof a-Si(H,X)
is formed on the surface of a predetermined support disposed
previously at a predetermined*poSitioh.

The gaseods, starting material for éupplying Si can
include gaseous or gasifiable siliconvhydrides (silanes)
such as SiH,, Si, Hg, SizHg, Si4ﬁlo, etc., SiH, and Si,H¢
being pafticularly preferred in view of the easy layer
forming work and the good efficiency for the supply of Si.

oo Further, various halbgen compounds can be mentioned
aé the gaseous starting material for introducing the
halogen atoms and gaseous or gasifiable halogen compounds,
for example, gaseous halogen, halides, inter-halogen
‘\'* compounds and halogen-substituted silane derivatives are
e preferred; Specifically, they can include halogen gas
such as of fluorine, chlorine, bicmine and iodine, inter-.
«° halogen compounds such as BrF, CLF, ClFa, Ber} BrF3, IFq,

ICl, IBr, etc., and silicon halides such as SiF Sizﬂe,

4i
SiCl4, SiBr4. The use of the gaseous or gaSifiablevSiliCOn:
Ry halide as described above is particularly advantageous

since the layer constituted wlth halegen atom-containing

a-Si can he formed with no additional use of ihe sis.
starting material for supplying Si.
The gaseous stvartiigr © e for supplying

hydrogen atoms c¢an inel - or gagifiabla
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materials, for example, hydrogen gas, halides such as HF,
HCl,; HBr and HI, silicon hydrides such as SiH4, Si2H6,

Si3H8 and Si4Hlo or halogen-substituted silicon hydrides

such as 81H2F2, o7 27 3 SleBrz, SlHBr3.

The use of these gaseous starting material is adwvantageous

SiH2I SiH2Cl SiHC1
since the content of the hydrogen atoms(H), which are
extremely 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 halogen-
substituted silicon hydride as described above is particularly
advantageous since the hydrogen atoms (H) are also introudced
together with the introduction of the halogen atoms.

Further, the amount of the hydrogen atoms(H) and/or
halogen atoms (X) coatained in the a-3i layer is controlled,
for example, by controlling the temperature of the support;
the amount of introducing the starting material into the
deposition chamber used for introducing the hydrogen atoms
(H) and/or halogen atoms(X) and the electrical power for
discharging.

In the ¢ase of forming layer comprising a-Si(H,X) by
means of the ruwa~tive sputtering process or ion plating

process, for example, by the sputtering process, the

halogen atoms :¥ye introduced by introducing gaseous T
halogen compounds or halogen atom~-containing silicon

compounds into a deposition chamber thereby forming
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a plasma atmeosphere with the gas.

Further, in the case of introducing the hydrogen
atoms, the gaseous starting material for introducing the
hydrogen atoms, for example, H, or gaseous silanes as
described above are introduced into the sputtering deposition
chamber thereby forming a plasma atmosphere with the gas.

For instance, in the case of the reactive sputtering
process, a layer comprising a-Si(H,X) is formed on a support

by using a Si target and by introducing a halogen atom

introducing gas and H2 gas together with an inert gas such

as He or Ar as required into a deposition chamber thereby
forming a plasma atmosphere and then sputtering the Si target.
In the case of forming a layer constituted with an amorphous
material composed of a-Si(H,X) further incorporated with
group III atoms or grovd V atoms, nitrogen atoms, oxygen
atoms or carbon atoms by usiné a glow discharging, sputtering
or ion plating process, starting material for introducing
group III or group V atoms, starting material for introducing
nitrogen gas, starting material for introducing oxygen gas
or starting material for introducing carbon atcms 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 or layer

region constituted with a-Si(H,X) containing ‘the graup III
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or group V atoms by using the gleow discharging, sputtering
or ion plating process, the starting material for introducing
the group III or group V atoms are used together with the
starting material for forming a-Si(H,X) upon forming the
iayer constituted with a-Si(H,X) as described above and they
are incorporated while controlling the amount of them into
the layer to be formed.

Referring specifically to the boron atom introducing
materials as the starting material for introducing the
group III atoms, they can include boron hydrides such as
B2H6, B4H10, B5H9, BSHll’ BGHLO’ B6H12 and B6H14 and boron

halides such as BF3, BCl. and BBr In addition, AlCl

3 3° 3’

CaCl3, Ga(CH3)2, InCl TlCl3 and the like can also ke

3
mentioned.

Referring to the starting material for introducing
the group V atoms and, ~pecifically to, the phosphor atom
introducing materials, they can include, for example,
phosphor hydrides such as PH, and PoH and phosphor halide
such as PHAI, PF3, PFS, PC13, PClS, PBr3, PBr5 and PI3.

In addition, ASH3, AsFg, AsClB, AsBr 4, AsF 4, SbH3, SbF3,
SbCl., BiH

SbFS, SbCl SiCl3 and BiBr. can also be

3’ 5’ 3’ 3
mentioned to as the effective starting material for introducing
the group V atoms.

In the case of using thé glow discharging process for

forming the layer or layer region containing oxygen atoms,

s e ‘W*WT::‘.K.T“*W i \\
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starting material for introducing the oxycen atoms is

added to those selected from the group of the starting
material as desired above for forming the light receiving
layer. As the starting material for introducing the oxygen
atoms, most of those gaseous or gasifiable materials can

be used that comprise at least oxygen atoms as the constit-
uent atoms.

For instance, it is possible tn use a mixture of
gaseous starting material comprising silicon atoms(Si) as
the constituent atoms, gaseous starting mecerial comprising
oxygen atoms(0) as the constituent atom and, as required,
gaseous starting material comprising hydrogen atoms (H)
and/or halogen atoms (X) as the constituent atoms in a
desired mixing ratio, a mixture of gaseous starting material
comprising silicon atoms(Si) as the constituent atoms and
gaseous starting material comprising oxygen atoms (0) and'
hydrogen atoms (H) as the constituent atoms in a desired
mixing ratio, or a mixture of gaseous starting meterial
comprising silicon atoms (Si) as the constituent atoms and
gasecus starting material comprrising silicon atoms(Si),
oxygen atoms (0) and hydrogen atoms (H) as the constituent
atoms.

Further, it is also possible to use a mixture of gaseous
starting material comprising silicon atoms(Si) and hydrogen

atoms (H) as the constituent atoms and gaseous starting
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material comprising oxygen:afoms(c) as the constituent atoms.
Specifically, there can.be-mentibned,.for eXamplé,
oxygen(oz), ozone(03), nitrogen.monoxidé(NO?i nitrogen
dioxide(NOz), dinitrogen Qxide(NzO),'dinitrogen.trioxide
(N203), dinitrogen tetraoxide(N204), dinitrogen pentoxide
(Nzos), niﬁrogen trioxide(NO3), lower siloxanes comprising

silicon atoms(Si), oxygen at*oms(0) and hydrogen atoms (H)

'as the constituent atoms, for example, disiloxane(HBSiOSiH3)

and trisiloxane(H3SiOSiH208iH3), etc.

- In the case of forming the layer or layer region
containing oxygen atoms by'way of the sputtering process,
it may be carried out by sputtering a single crystal or
polycrystalline Si wafer or SiO2 wafer, or a wafer containing
Si and SiO2 in admixture is used as a target and sputtered
in various gas atmospheres. 7 |

For instance, in the case of using the Si wafér as
the target, a gaseous starting material for int:odﬁcing-
oxygen atoms and, optiénally, hydrogen atoms.and/or'halogen
atoms is diluted as required with a dilution gas, introducéd'
into a sputtering deposition chambef, gas plasmas with
these gases are formed and the Si wafer is sputtered.

Alternatively, sputtering may be carried out.in the
atmosphere of a dilution gas 6r in a gas atmosphere containing
at least hydrogen atoms (H) and/or haldgeh atoms (X) as constit-

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

In the case of using the glow discharging process for
forming the layer or the layer region containing the nitrogen
atoms; starting material for introducing nitrogen atoms is
added to the material selected as required fromi.the starting
materials for forming the light receiving layer as described
above. As the starting material for introducing the nitrogen
atoms, most of gaseous or gasifiable materials can be used
that comprise at least nitrogen atoms as the constituent
atoms.

For instance, it is possible to use a mixture of
gaseous starting material comprising silicon atoms(Si) as
the constituent atoms, gaseous starting material comprising
nitrogen atoms(N) as the constituent atoms and, optionally,
gaseous starting material comprising hydrogen atoms (H)
and/or halogen atoms(X) as the constituent atoms mixed in
a desired mixing ratio, or a mixture of starting gaseous
material comprising silicon atoms(Si) as the constituent
atoms and gaseous starting material comprising nitrogen

atoms (N) and hydrogen atoms (H) as the constituent atoms
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also in a desired mixing ratio.

Alternatively, it is also possible to use a mixture
of gaseous starting materiai comprising nitrogen atoﬁs(N)
as the constituent.atoms gaseous starting material comprising
silicon atoms (Si) énd hydrgone aﬁoms(H) as the constituent
atoms.

The starting material that'caﬁ be used effectively as
the'gaSeous.starting:material for intfoducing the nitrogen
atoms (N) used upon forming the layer or layer region
containing nitrogen atdms.cah 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(N,), ammonia

(NH3), hydrazine(HzNNHZ), hydrogen azide(HN,) and ammonium

_ azide(NH4N3). In addition, nitrogen halide compounds such

as nitrogen trifluoride (F3N) and nitrogen tetrafluoride
(F4N2) can also be mentioned in that they can also introduce;
halogen atoms(X) in addition to the introduction of:nitrogen'
atoms (N) .

The layer or layer region containing the.nitrogen
atoms may be formed through the sputtering process by
using a single crystal or polycrystalline Si wafer or
Si3N4 wafer or a wafer containing'si:and SiBN4 in #dmixture
as a target and sputtering Ehem_in various gas atméspheres,

In the case of using a Si wafer as a target, for
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instance, gaseous starting material for introducing nitrogen
atoms and, as required, hydrogen atoms and/or halogen atoms

is diluted optionally with a dilution gas, introduced into

a sputtering deposition chamber to form gas plasmas with
these gases and the Si wafer iy sputtered.

Alternatively, Si and Si3N4 may be used as individuzl
targets or as a single target comprising Si and Si3N4 in
admixture and then sputtered in the atmosphere of a dilution
gas or in a gaseous atmosphere containing at least hydrogen

\G atoms (H) and/or halogen atoms (X) as the constituent &atomns
as for the sputtering gas. As the gaseous starting material
for introducing riitrogen atoms, those gaseous starting
. e materials for introducing the nitrogen atoms described
*:"* . previously shown in the erample of the glow discharging
# e » can be used as the effective gas also in the case of the
sputtering.
st The light receiving layer containing carbon atoms,

for example, may be formed through the glow discharging

process, by using a mixture of gaseous starting material
¢ . comprising silicon atoms(Si) as the constituent atoms,

gaseous starting material comprising carbon a‘oms(C) as

the constituent atoms and, optionally, gaseous starting
material comprising hydrogen atoms(H) and/or halogen atoms (X)
as the constituent atoms in a desired mixing ratio, a mixture

of gaseous starting material comprising silicon atoms (Si)
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as the éonstituent atoms and gaseous starting material
comprising carbon atoms(C) and hydrogen atoms(H) as the
constituent atoms also in a desired mixing ratio, a mixture
of gaseous starting material comprising silicon atoms(Si)
as the constituent atoms and gaseous starting material
comprising silicon atoms(Si), carbon atoms(C) and hydrogen
atoms (H) as the constituent atoms, or a mixture of gaseous
starting material comprising silicon atoms(Si) and hydrogen
atoms (K) as the constituent atoms wud gaseous starting
material comprising carbon atoms (C) as constituent atoms.

The layer or layer region constituted with a-SiC(H,X)
may be formed through the sputtering process by using a
single crystal or polycrystalline Si wafer , a C (graphite)
wafer or a wafer containing a mixture of Si and C as a
target and sputtering them in a desired gas atmosphere.

In the case of using, for example a Si wafer as a
target, gaseous starting material for introducing carbon
atoms, and hydrogen atoms and/or halogen atcus is introduced
while being optionally diluted with a dilution gas such as
Ar and He into a sputtering deposition chamber thereby
forming gas plasmas with these gases and sputtering the Si
wafer.

Alternatively, in the case of using Si and C as
iﬁdividual targets or as a single target comprising Si and

C in admixture, gaseous starting material for introducing

-~ 87 -

ERLCEE D7 k1 b oo



(]
-]

<
L]

&
&2

L]
LA S
o AN

*
«
TR X
LR
LK

ceade

(23

1
L

LR,

hydrogen atoms and/or halogen atoms as the’sputtering gas
is optionally diluted with a dilution gas, introduced into
a sputtering deposition chamber thereby forming gas plasmas
and sputtering is carried out. As the gaseous starting
material for introducing each of the atoms used in the
sputtering process, those -aseous starting materials used
in the glow discharging process as described &bove may be
used as they are.

Those gaseous starting materials that = .« effectively
usable herein can include gaseous silicon hydrides comprising
C and H as the constituent atoms, such as silanese, for

example, SiH4, 812H6, Si3H8 and Sl4H as well as those

10°
comprising C and H as the constituent atoms, for example,
saturated hydrocarbons of 1 to 4 carbon atoms, ethylenic
hydrocarbons of 2 to 4 carbon atoms and acetylenic hydro-
carbons of 2 to 3 carbon atoms.

Speciflcally,; the saturated hydrocarbons can include
msthane(CH4), ethane(czHG), propane(CBHs), n-butane (n- C4H10)
and pentane(csle), the ethylenic hydrocarbons can include

ethylene ( C,yH propylene(C,H~), butene—l(c4H8), butene-2

)
(c HS)’ 1sobuty1ene(C4H8) and pentene(c 0) and the
acetylenic hydrocarbons can include acetylene(csz), methyl-
acetylene(c3ﬂ4) and butlne(c4H6).

The gaseous starting material comprising Si, C and H

as the constituent atoms can include silicided alkyls, for
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example, Si(CH3)4 and Si(C2H5)4. In addition to these
gaseous starting materials, H2 can of course be used as
the gaseous starting material for introducing H.

In the case of forming the light receiving layer

according to this invention by means of the glow discharg-
ing, sputtering or ion plating process, the content of the
oxygen atoms, carbon atoms, nitrogen atoms and the group
III or V atoms introduced into a-Si(H,X) is controlled by
controlling the gas flow rate and the ratio of the gas flow

VO rate of the starting materials entered in the deposition

o0 ¢ chamber.

The conditions upon forming the light receiving

g e '« layer, for example, the temperature of the support, the

N gas pressure in the deposition chamber and the electric

*sees’ discharging power are important factors for obtaining a
light receiving me oser having desired properties and they

h:uc are properly selected while considering the function of
the layer to be formed. Further, since these layer
forming conditions may be varied depending on the kind

oS0 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.
Specifically, the temperature of the support is

usually from 50 to 350°C and, more preferably, from 50
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to 250°C. The gas pressure in the deposition chamber is
usually from 2.01 to 1 Torr and, particularly preferably,
from 0.1 to 0.5 Torr. Further, the electrical discharging
power is usually from 0.905 to 50 W/cmz, more preferably,
from 0.01 to 30 W/cm2 and, particularly preferably, from
0.01 to 20 w/cm2.

However, the actual conditions for forming the layer
such as temperature of the support, discharging power and
the gas pressure in the deposition chamber can not usually
the 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.

By the way, it is necessary that the foregoing
various conditions are kept constant upon forming the
light yxeceiving layer for unifying the distribution state
of the oxygen atoms, carbon atoms, nitrogen atoms, group
IITI or V atoms, or hydrogen atoms and/or halogen atoms to
be contained in the light receiving layer according to
this invention.

Further, in the case of forming a photosensitive layer
comprising oxygen atoms, carbon atoms, nitrogen atoms, or
group III or group V atoms contained in the light receiving

layer at a desired distributed state in the direction of
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the layer thickness by varying-their distribution densities
in the direction:of the layer thickness upon forming the
light receiving_layer in this invention, the layer is
formed, for example,-in'the case of the glow discharging
process} by proparly varying the gas flow rate of gaseous
starting material for introducing the oxygen atoms, carbon
atoms, nitrogen atoms, or group III or group V atoms upon
introducing into the deposition chamber in accordance with
a desired variation coefficient while maintaining other
condit:ions constant. Then, the gas flow rate may be
varied, specifically, by gradually changing the opening
degree of a predetermined needle valve disposed to the
midway of the gas flow system, for example, manually or
any of other menas usually employed such as an éxﬁernally
driving motor. In this caee, the variation of the flow
rate may not necessarily be linear but a desired content
curve may be obtained, for example, by cdnsﬁrollihg the
flow rate along with a prewiously designed variation
coefficient curve by using a'mieroeomputer_er the like.
Furthef, in the cese of formihg the lighﬁ receiving
layer by means of the sputtering process, a desired distributed
state of.the Oxygen'atoms} cerbon atoms, nitrogen atoms or
group III or group V atoms in the direction of the layer
thickness may wa formed with the distribution.density.being

varied in the direction of the layer thickness by using
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gaseous starting material for introducing the oxygen atoms,
carbon atoms, nitrogen atoms, or group III or group V atoms
and varying the gas flow rate upon introducing these gases
into the deposition chamber in accordance with a desired
variation coefficient iii the same manner as the case of
using the flow discharging process.

Further, in the case of constitutin¢ the surface
layer in this invention with at least one of the elements
selected from the inorganic fluorides, inorganic oxides
and inorganic sulfides, since it is also necessary to
control the layer thickness at an optical level for forming
such a surface layer, vapor depcsition, sputtering, gas
éhase plasma, optical CVD, heat CVD process or the like
may be used. These forming processes are, of course,
properly selected while considering those factors such as
the kind Jf the forming materials for the surface layer,
production conditions, installation cost required and
production scale.

Ry the way, in view of the easy operations, easy
setting for the conditions and the likes, sputtering
process may preferably be employed in the case of using
the inorganic compounds for forming the surface layer.

That is, the inorganic compound for forming the surface
layer is used as a target and Ar gas is used as z sputtering

gas, and the surface layer is deposited by causing glow
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discharging and sputtering the inorganic compounds.

PREFERRED EMBODIMENTS OF THE INVENTION

This invention will now be described more specifically
while referring to examples 1 through 66 but this invention
is no way limited only to these examples.

In each of the examples, the photosensitive layer is
formed by using the glow discharging process, while the
surface layer is formed by using the glow discharging or
sputtering process. Figure 19 shows a device for preparing
a light receiving member according to this invention by
means of the glow discharging process.

Gas resarvoirs 1092, 1903, 1904, 1905 and 1906 illustrated
in the figure are charged with gaseous starting materials
for forming the xr:aspective layers in this invention, that
is, for instance,‘SiH4 gas (99.999 % purity) in ifhe reservoir
1092, B,H. gas diluted with H, (99.999 % purity, hs:reinafter
simply referred to as Bzdﬁ/Hz) in the reservoir 1903, CH,
gas (99.999 % purity) in the reservoir 1904, NH; gas
{99.999 % purity) in the reservoir 1905 and H, gas (99.999 3
purity) in the reservoir 1906.

Prior to the entrance of these gases into a reaction
chamber 1201, it is confirmed that valves 1922 - 1926 for
the gas rxeservoirs 1902 - 1906 and a leak valve 1935 are

closed and that inlet valves 1912 - 1916, exit valves 1917 -
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1921, and sub-valves 1932 and 1933 are openad. Then,a main

valve 1934 is at first cpened to evacuate the inside of the
reaction chamber 1901 and gas pipeways. Then, when the
reading on a vacuum gauge 1936 reaches about 5 x lO_6 Torr,
the sub-valves 1932 and 1933, as well as the exit valvcs |
1917 = 1921 are closed.

Reference is then made to an example in the case of
forming a light receiving layer on a substrate cylinder
1.937. SiH4 gas from the gas reservoir 1902 and B2H6/H2
gas from the gas reservoir 1903 are causéd‘to flow into
mass flow controllers 1907 and 1908 respectively by opéning
the valves 1922 and 1923, controlling the pressure of‘exit
pressure g&@ﬁs‘l927 and l928‘to‘l‘kg/cm2 and gradually
opening the inlet valves 1912 and 1913. Subsequently, the
exit valves 1917 and 1918 and the sub-valve 1932 are
gradually opehed to entef the gases into the reaction
chamber 1901. In this case, the exit 'al§es 1017 and 1918
are adjusted so‘as‘to attain é desired value for the ratio
betweeh the SiHA gas flow rate and the BZHG/HZ gas flow
rate, and‘the opening of the main valve 1934 is adjusted
while observing the reading on the vacuum gauge 1936 so as
to obtain a desired value for the pressure inside the
redction*chamber 1901. Then, after confirming that the
temperature of the substrate cylinder 1937 has been set by

a heater 1938 within a rarnge from 50 to 400°C, a power
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source 1940 is set to a predetermined electrical power to
cause glow discharging in the reaction chamber 1901 while
controlling the B2H6/H2 gas flow rate and the SiH4 gas
flow rate in accordance with a previously designed variation
coefficient curve by using a microcomputer (not illustrated),
thereby forming, at first, a photosensitive layer constituted
with a=Si(H,X) containing boron atoms on the substrate
cylinder 1937.
Then, a surface layer is formed on the photosensitive
\O layer Subsequent to the procedures as described above,
. SiH4 gas and CH4 gas, for instance, are optionally diluted
°* .. with a dilution gas such as He, Ar and H, respectively,
tot entered at a desired gas flow rates into the reaction
chamber 1901 while controlling the gas flow rate for the
SiH4 gas and the CH, gas in accordance with a previously
designed variation coefficient curve by dsing a micro-
TS computer (not illustrated), by which a surface layer
constituted with a=Si(H,X) containing carbon atoms is formed.

When the photosensitive layer and the surface layer

0 are formed, ‘the flow rates for the gaseous starting
Eul; materials are controlled by using the microcomputer or the
Tt C
Yo et like, in which the gas pressure in the reaction chamber 1901

can be stabilized to ensure a stable film-forming conditions
by using a dilution gas together with the gaseous starting

materials for intrcdiaqing each of the atoms.
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All 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 1917 - 1921 while
opening the sub-valves 1932 and 1933 an2 fully opening the
main valve 1934 for avoiding that the gases having been used
for forming the previous layeres are left in the reaction
chamber 1901 and in the gas pipeways from the exit valves
1917 -.1921 to the inside of the reaction chamber 1901.

Test Example 1

Rigid spheres of 0.5 mm diameter made of SUS stainless
steel.s were chemically etched to form an unevenness to the
surface of each of the rigid spheres.

Usable as the etching agent are an acid such as
hydrochloric acid, hydrofluoric acid, sulfuric acid and
chromic acid and an alkali such as caustic snda.

In this example, an aqueous solution prepared by
admixing 1.0 volumetric part of concentrated hydrochloric
acid to 1.0 to 4.0 volumetric part of distilled water was
used, and the period of time for the rigid spheres to be
immersed in the agueous solution, the acid concentration of
the aqueous solution and other necessary conditions were
appropriately adjusted to form a desired unevenness to the

surface of each of the rigid spheres.
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Test Example 2

In the device as shown in Figures 6(2A) and 6(B), the
surface of an aluminum alloy cylinder (diameter: 60 mm,
length: 298 mm) was treated by using the rigid spheres each
of which having a surflace provided with appropriate minute
irregularities (average height of the irregularities
Ynax — 5 pym) which were obtained in Test Example 1 to have
an appropriate uneven shape composed of dimples each of
which having an inside face provided with irregularities.

When examining the relationéhip for the diameter R'
of the rigid sphere, the falling height h, the radius of
curvature R and the width D for the dimple, it was confirmed
that the radius of curvature R and the width D of the dimple
was determined depending on the conditions such as the
diameter R' for the rigid sphere, the falling helght h and
the like. It was also éonfirmed that the pitch between each
of the dinples (density of the dimples or the pitch for the
unevenness) could be adjusted to a desired pitch by control-
ling the rotating speed or the rotation number of the cylinder,
or the falling amount of the rigid sphere.

Further, the following matters were confirmed as a
result of thé studies about the magnitude of R and of D;
it is not preferred for R to be less than 0.1 mm because
the rigid spheres to be employed in that case are to be

lighter and smaller, that results in making it difficult
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to control the formation of the dimples as expected. Then,
it is not preferred for R to be more tham 2.0 mm because

the rigid spheres to be employed in that case are to be
heavier and the falling height is to be extremely lower,

for instance, in the case where D is desired to be relatively
smaller in order to adjust the falling height, that results

in making it also difficult to control the formation of the

dimples as expected. Further, it is not preferred for D

to be less than 0.02 mm because the rigid spheres to be
O employed in that case are to be of a smaller size and to be
¢ e lighter in order to secure their falling height, that results
* * in making it also difficult to control the formation of the
dimples as expected. Further in addition, when examining
o e the dimples as formed, it was confirmed that the insdie face

of each of the dimples as formed was provided with appropriate
. se minute irregularities.
,*.t¢. Example 1

The surface of an aluminum alloy cylinder was treated

in the same manner as in the Test Example 2 to obtain a

G cylindrical Al support having diameter: D and ratio D/R

te (cylinder Nos. 101 - 106) as shown in the upper column of

« "7 Table 1A.
Then, a light receiving layer was formed on the Al f
support (cylinder Nos. 101 - 106) under the conditions

shown in Table 1B below using the fabrication device shown
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in Figure 19.

Boron atoms contained in the layer were so introduced
to provide a ratio : Bzﬂs/SiF4 = 100 ppm and that they were
doped to about 200 ppm over the entire layer.

These light receiving members were subjected to image-
wise exposure by irradiating laser beams at 780 nm wavelength
and with 80 um of spot diameter using an image exposing
device shown in Figure 20 and images were obtained by
subsequent development and transfer. The state of the
occurrence of interference fringe on the thus obtained
images were as shown in the lower column of Table 1A.

Figure 20(A) is a schematic plan view illustrating
the entire exposing device, and Figure 20(B} is a schematic
side elevational view for the entire device. In the éigures,
are shown a light receiving member 2001, a semiconductor
laser 2002, £06 lens 2003 and a polygonal mifror 2064.

Then, as a comparison, a light receiving member was
manufactured in the same manner as described above by using
an aluminum alloy cylinder, the surface of which was treated
with a conventional cutting tool (60 mm diameter, 298 mm
length, 100 um unevenness pitch and 3 um unevenness depth)
(cylinder No. 107). When observing the thus obtained light
receiving member under an electron microscope, the layer
interface between the support surface and the light receiving

layer and the surface of the light receiving layer were in
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parallel with each other. Images were formed in the same
manner as above by using this light receiving member and
the thus obtained images were evaluated in the same manner
as described above. The results are as shown in the lower

column of Table 1A.
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Table 1A
Cylinder No. 101 102 103 104 105 106 107
D (um) 450450 450450 450450 450450 450450 450450 -
b D 0.02 0 :03 0.04 0.05 0.06 0.07 -
R e .. L ] . L] . _.
Occurrence of _
“interference X A o o © © X

fringe

Actual usability:
X : not usable

A usable

o} preferably dsable'

© : particularly preferably usable

TablerlB

Layer' : - Dischérg- Layer
preparing Gas used Flow rate ing power thick-
step (sccM) (W/cm?2) ness ()
First stop  SiF,  siF,=300 |
BZHG/H2 BZH6/H2=180 300 2
H-z H2.=]_2()
CH4 CH4=5
Second step  SiF, | SiF,=300
\ k. ‘ H,=300 300 23
QO . Cddy CH,=5

Al substrate temperature : 250°C

Discharging frequency 13.56 MHz
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lixample 2

A light receiving layer was formed on Al supports
(cylinder Nos. 101 - 107) in the same manner as in Example 1
except for forming these light receiving layers in
accordance with the layer forming conditions shown in
Table 2B.

When forming the images on the thus obtained light
receiving members in the same manner as in Example 1, the
state of occurrence of the interference fringe in the

obtained images were as shown in the lower column of Table 2A.
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Table 2A

Cylinder
No. 101 102 103 104 105 106 107
D (Hm) 450450 450450 450450 450450 450450 450450 -
—g— 0.02 0.03 0.04 0.05 0.06 0.07 -
Ty
Occurrence of
interference  x A o) o © © x
fringe
X : not usable
A ¢ usable

o : preferably usable

© : particularly preferably usable
Table 2B
Layer Discharging Léyer
preparing Gas used Flow rate power thickness
step (sccm) (W/cm™) (um)
First step SiF4 SiF4=350
NO NO=10 300 3
H, H,=300
Second step SiF4 SiF4=350
300 22
H, H2=300
Al substrate temperature : 250°C
Discharging frequency : 13.56 MHz
- 103 -
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Examples 3 - 7

Light receiving members were prepared on Al supports
(cylinder Nos. 103 - 106) of Example 1 in the same manner
as in Example 1 except for forming these light receiving
layeres in accordance with the layer forming conditions
shown in Tables 3 through 7. 1In the examples 3 through 7,
the flow rates for the gases used upon forming the light
receiving layers were automatically adjusted undex the

_ w

microcomputer control in accoridance with the_}low rate
variation curves shown in Figures 21 - 25 respectively.
The boron atoms to be contained in the light receiving
luayers in each of the examples were introduced under the
same conditions as those in Example 1.

Images were formed on the thus obtained light
reéeiving members in the same manner as in Example 1.

Occurrence of interference fringe was not'observed in

any of the thus obtained images and the image quality was

extremely high.
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Table 3 (variation chart : Fig. 21)

Layer Discharging Layer
preparing fGas used Flow rate power, thickness
step (s¢eM) (W/cm™) (um)
First SiF SiF,=350
4 4

step '

H, H2=120

NH3 Nﬂ3=10 300 2

B2H6/H2 BZHG/HZ=180

\O Second IiF, SiF,=350
step
. H, H,=120
. ‘. NH3, NH3=L0 + 0.5 300 2
ByHg/H,  ByHc/H,=180
veut™®  Third SiF, $iF,=350
¢ se step
TR H2 H2=300 300 17
] —
NH 4 NH4=0.5
O ‘
R Fourth SiF4 SiF4=350
Ty step
[ H, H,=300 300 2
} NH,4 NH,=0.5 + 10
Fifth SiF4 SiF4=350
step
H2 H2=300 300 2

Al substrate temperature : 250°C
‘Discharging frequency : 13.56 MHz
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Table 4 (Variation chart : Fig. 22)

Layer Discharging Layer
preparing Gas used Flow rate power, thickness
step (sccM) (W/cm™) (pm)
First SiF SiF =350
step 4 4
H2 H2=120
NO NO=5 300 3
B2H6/H2 B2H6/H2=180
Second SiF4 SiF4=350
step =
H H,=120 » 300
2 2 300 1
NO NO=5
B2H6/H2 B2H6/H2=180 + 0
Third SiF SiF,=350
ste 4 4
P H, H,=300 300 21
NO NO=5
Al substrate temperature : 250°C
Discharging frequency : 13.56 MHz

Table 5 (Variation chart : Fig. 23)

£

Discharging Layer

Layer :
preparind Gas used Flow rite power,, thickness
step (sccM) (W/cm™) (um)
First SiH4 SiH4=350
step :
~ H2 H2=0 + 300
82"6/H2 B2H6/H2=390 + 0 300 5
CH4 CH4=10 + 0
Second SiH, SiH,=350 _
step H, H,=300 300 20
Al substrate temperature : 250°C
Discharging frequency :+ 13,56 MHU
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Table 6 (Variatien chart : Fig. 24)

Layer Discharging Layer
preparing Gas used Flow rate power, thickness
step (sccMm) (W/cm™) {um)
First SiF4 SiF4=300
step
H, H2=120
B H.6/H2 82H6/H2=180 300 2
NH3 NH3=10
Second SiF4 SiF4=300
step
H, H2=120 + 300
B2H6/H2 BZHG/H2=18O + 0 300 2
NH3 NH3=lO =+ 0.5
Third SiF4 SiF4=300
step
Hy H2=300 300 21
NH3 NH3=0.5
Al substrate temperature : 250°C
Discharging frequency : 13.56 MHz
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Table 7 (variation chart : Fig. 25)

Layer Discharging Layer
preparing Gas used Flow rate power, thickness
step (sccM) (W/cm™) (pm)
First SiH4 SiH4=3OO
step
H, H2=300
B2H6/H2 B2H6/H2=200 300 1
NO NO=10
e} Second SiH, SiH,=300
step
H, H2=300
S‘J:. B2H6/H2 BZH6/H2=200 + 0 300 2
cesees NO NO=10
*" " rhira SiH, SiH,=400
..E" step ) 300 22
Ve H, H,=300
Neaae
. e Al substrate temperature : 250°C.
e Discharging frequency : 13.56 MHz
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Examples 8 - 13

Light receiving members were prepared on Al supporfs-
fcylinder Nos. 103 - 106) of Example 1 in the same manner
as in Example 1 except for forming these light receiving
layers in accordance with the layer forming conditions
shown in Tables 8 through 13. 1In the examples 11 through
13, the flow rates of B2H6/H2 gas and H2 gas upon forming
the light receiving layers were automatically adjusted
under the microcomputer control in accordance with the
flow rate variation curves shown in Figures 22 - 23 and 25
respectively.

Images were formed on the thus obtained light
receiving members in the same manner as in Example 1.

Occurrence of interference fringe was not observed in
any of the thus obtained images and the image quality was

¢

extremely high.
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Table 8
Layer Layer Discharg- Layer
constitu- preparing Gas used Flow rate = ing power thickness
tion step (sccri) (W) (um)
Photo- First SiF4 SiF4=350
sensitive step _
layer B2H6/H2 B2H6/H2_180
(=3000ppm) 300 2
H, H2=l20
o Photo- Second SiF, ~ SiF,=350
sensitive step H H.=300 300 23
layer 2 2"
Ty q 1 1 =
igrgice ;{;rd SlF4 SlF4 100 200 0.5
¥ P NO NO=500
Pl A Al substrate temperature : 250°C
cenend Discharging frequency : 13.56 MHz
ihh Table 9
‘eses”  Layer Layer Discharg- Layer
D) constitu- preparing Gas used Flow rate ing power thickness
tion step (sccm) (w) (um)
* (X} b
. € L)
'Y Pphoto- First SiF, SiF,=300
£Lc sensitive step _
layer PH,/H, PH,/H,=180
(=3000ppm) 300 2
H, H2=120
Photo- Secona SiF4 SiF4=300
sensitive step _
layer H.2 H2—300 300 23
30 . Surface Third SiF4 SiF4=lOO
layer step NO NO=500 200 0.5
Al substrate temperature :  250°C
Discharging frequency : 13.5€ MHz
- 110 -
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Table 10

Layer Layer Discharg- Layer
constitu- preparing Gas used Flow rate ing power thickness
tion step (sccm) (W) (pm)
Photo- First SiF4 SiF4=350
sensitive step q H.=300 300 25
layer 2 2
Surface Second SiF4 SiF4=lOO
layer step NO NO=500 200 0.5

Al substrate temperature : 250°C

Discharging frequency : 13.56 MHz

Table 11 (Variation chart : Fig. 22)

e i

e

Biieiig termrvorne st U

Layer Layer Discharg- Layer
constitu- preparing Gas used Flow rate ing power thick-
tion step (sccm) (W) ness (um)
Photo- First SiF4 SiF4=300
sensitive step _
layer ByHg/Hy  ByHg/H,=180
(=3000ppm) 300 3
Hy H2=120
Photo- Sectond SiF4 SiF4=300
sensitive stey _
layer B2H6/H2 ‘ BZHG/H2—180+O 300 1
(=3000ppm)
H, H2=120+300
Photo- Third SiF4 SiF4=300
sensitive step - 300 21
layer Hy H2 300
Surface Fourth SiF4 SiF4=100
- layer step NO NO=500 200 0.5
Al substrate temperature : 250°C
Dischargil.y frequency : 13.56 Miz
- 111 =
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Table 12 (Variation chart : Fig. 23)
Layer Layer Discharg- Layer
constitu- preparing Gas used Flow rate ing power thick-
tion step (sccM) (W) ness (um)
Photo- First SiF4 SiF4=3OO
sensitive step _
layer B2H6/H2 B2H6/H2—300+0 200 .
(=3000ppm)
H, H2=0*300
Second SiF4 SiF4=300
step
H, H2=300 300 20
Surface Third SiF4 SiF4=100
layer step NO NO=500 200 0.5
Al substrate temperature 250°C
Discharging frequency 13.56 MHz
Table 13 (Variation chart : Fig. 25)

Layer Layer Discharg- Layer
constitu~ preparing Gas Flow rate ing power thick-
tion step ased (sccM) (W) ness (pm)
Photo- First SLH4 SiH4=300
sensitive step ; _
layer ByHg/Hy  ByH/Hy=200 0 44, 3
(=3000ppm)
H2 H2=300
Second SiH4 SiH4=300
step H H.=300 300 22
2 2
Surface Third SiH4 SiH4=100
layer step NO NG=500 200 0.5
Al substrate temperature : 250°C
Discharging frequency 13.56 MHz
- 112 -
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Examples 14 - 25

Light receiving members were prepared on Al supports
(cylinder Nos. 103 - 106) of Example 1 in the same manner
as in Example 1 except for forming these light receiving
layers in accordance with the layer forming conditions
shown in Tables 14 through 25.

In the examples 16 - 19 and 21-24, the flow rates
for the gas used upon forming the light receiving layers
were automatically adjusted under the microcomputer control
in accordance with the flow rate variation curves shown in
Figures 26, 22, 27, 24, 25, 28, 29 and 30 respectively.

The boron atoms to be contained in the light receiving
layers were introduced under the same conditions as those
in Example 1.

Images were formed on the thus obtained light
receiving members in the same manner as in Example 1.

Occurrence of interference fringe was not observed in
any of the thus obtained images and the image quality was

extremely high.
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Table 14
Layer Layer Discharging Layer
constitu- preparing Gas used Flow r .te power thickness
tion step {sccm) (W) (um)
Photo- First SiF SiF,=350
sensitive step cH 4 CH 35
layer 4 4 300 3
H2 H2==120
B2H6/H2 B2H6/H2=180
\G Second Si}?4 SiF4=350
step CH, CH,=5 300 22
H2 H2=3OO
Surface Third SiF4 SiF4=20
layer step NH3 NH3=600 200 0.5
o 04
canset Al substrate temperature 250°cC
,: .,. Discharging frequency 13.56 MHz
L] o
..Q:
Tt Table 15
LR B
Layer Layer Discharging Layer
S ¢ . constitu- preparing Gas Flow rate pawer thickness
‘4.t tion step used (sccM) (W) (pm)
' photo- First SiF, SiF,=350
sensitive step —
layer 32 H, 300 300 3
CH~4 CH4=lO
Second SiF4 SiF4=350
: step H H.=300 300 22
2 2
Surface  Third Si}?4 SiF4=20 A
layer step NH, NH,=600 200 0.5
Q. Al substrate temperature 250°C
Discharging frequency : 13.56 MHz
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Table 16 (Variation Chart

: Fig. 26)

Layer Layer Discharging Layer
; constitu- preparing Gas Flow rate power thickness
tion step used (sccMm) (W) (um)
Photo- First SiF4 SiF4=350
sensitive step u H.=120
layer 2 2 300 2
CH4 CH4=10
B2HG/H2 B2H6/H2=180
O
, Second SiF SiF,=350
( step H * H =4{20
{ 2 2 300 2
Q‘ ' CH, CH,=10+0.5
B2H6/H2 B2H6/I-12=180
Third SiF4 SiF4=350
step H =300
o 2 = 300 17
T CH, CH,=0.5
I:QQCE
e o9 Fourth SiF SiF4=350
¢ step 4
9 H, H,=300 300 2
i f‘. CH4 CH4=0.5+10
| Fifth SiF, SiF,=350
step '
. e H, H,=300 300 2
Ry CH4 CH4=10
surface Sixth SiF4 SiF4=100
layer step NO NO=500 200 0.5
Al substrate temperature : 250°C
Discharging frequency : 13.56 MHz
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Table 17 (Variation chart : Fig. 22)
Layer Layer Discharg- Layer
constitu- preparing Gas Flow rate ing power thickness
tion step used (sccym) (w) (w)
Photo- First SiF4 SiF4=350
sensitive step _
layer Hy H,=120 100 )
) NH3 NH3=5
| B Hc/H, B,H./H,=180
VO
Second SiF4 SiF4=350
step H H,=120+300
2 2 - 300 1
e NH, NH,=5
t ¥ = -)
' 132116/142 B, H./H,=180-0
|:I‘ :
Third SiF, SiF,=350
. step
LI N3 2 2
:‘:::‘ NH3 NH3=5
Surface  Fourth SiF4 SiF4=10
$ R layer step ‘ _ 200 0.5
..:cc. CH4 CH4"‘600
€« t¢
€ r *
¢ T

Al substrate temperature : 250°C

Discharging frequency : 13.56 MHz
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Table 18 (Variation chart : Fig. 27)

Layer Layer Discharg- Layer
‘constitu- preparing Gas Flow rate ing power thickness
tion step used (sccM) (W) (u)
Photo- First SiF, SiF,=350
sensitive step ‘
layer H2 H2=0+300
‘ ' _ 300 5
ByHc/H, ByH /H,=300+0
NH3 NH3=lO+O
. Second SiF4 SiF4=350
o ve step - 300 20
LTI H2 H2=300
i:ocas ) -
¢s,0+, Surface Third SiF4 SiE4:lO
* ¢« layer step ‘ ‘ 200 0.5
*tee CH CH,=600 T
voee 4 4
» L]
.l:lt.
Al substrate temperature 250°¢C
* LX) .
o Discharging frequency 13.56 MHz
. ‘ ‘
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Table 19 (Variation chart : Fig. 24)

Layer Layer Discharg- Layer
constitu- preparing Gas Flow rate ing power thickness
tion step used (SCCM) (W) (u)
Photo- First SiF4 SiF4=350
sensitive step
layer H, H,=120
300 2
B2H6/H2 B2H6/H2=180
| NH,3 NH3=lO
: - :
e - F =
‘ Second SLF4 SlF4~350
AR step '
L H, H,=120+300
sosuee _ 300 2
0, BaHlg/Hy Byllg/H,=180+0
[ @ 3
“soe NH3 NH3=10+0q5
R X X1 . N
P )
ase Third SiF4 SiF4=350
step o o
H, H2=300 . 300 21
L Y] f
’“:2::’ NH, NH;=0.5
“« 4 3
4 2é ’ : o
e, Surface Fourth  SiF, SiF,=10 | o
éiC&’ layer = step T 200 0.5
‘ CH4 CH4=600 ‘

[N

41 substrate temper:ature : 250°C

Discharging frequency :+ 13.56MHz
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Table 20
Layer Layer Dischurging Layer
constitu- preparing Gas Flow rate power - thickness
tion step = used = (sccM) (W) (w)
Photo- First Sir, SiF,=359
sensitive step ' _
layer Hy H,=120
' ‘ 300 5
BaHg/Hy ByHlg/Hy=180
NO NO=5
O second  SiF,  SiF,=350
.:‘o"a Step N ]
M tq H2 H2=300 300 22
t:‘ﬂl"ﬂ NO - NO;S
2!,*., — — e
«sas  surface Third SiF,  SiF,=10 | ‘
save layer step ‘ 200 : 0.5
o ns g ‘. o= )
.E:QQ‘ \4H4 CH4 600
Il‘ _ B .
L Al substrate temperature : 250°C
) Discharging frequency : 13.56 MHZ
- 119 -



ot J o o vt o et e

Table 21 (Variation chart : Fig. 25)

Layer Layer Discharg- Layer
constitu- preparing Gas Flow rate ing power thickness
tion step used (scem) (W) ()
Photo- First SiHQ SiH4=350
‘'sensitive step ' 7
layer H, H2=300
300 1
ByHg/H, B,H./H,=200
NO NO-10
. -
© Second SiH4 SiH,=350
step " ‘
E’Ovzﬂ }12 H?=300
. | - 300 4
stannn B2HG/HZ BzHﬁ/Hz:zoo*»o
QA a
a " . NO NO=10-+0
0:&'0 - - - - - -
e v Third siH, SiH,=350
nc:na; Step ) 300 20
H2 H2=300
L Surtace = Fourth SiF, 3194;10' ;
D layex step ’ 200 0.5
L CH4 CH4=600
e Al substrate temperature : 250°C
Discharging frequency : 13.56 MHz
- 120 -
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Table 22 (Variation chart

Fig. 28)

Layer Layer

Discharg- Layer
constitu- preparing Gas Flow rate ing power thickness
tion step used (sccM) (W) (py
Photo- Fiigt SiH4 SiH4=350
sensitive step _
layer B Hc/Hy BoH./H,=200 300 4

NO NO=10+0.5
fSecond SiH4 SiH4=350
step NO NO=0.5 300 21
Surface Third SiF4 SiF4=lO
layer step CH4 CH4=600 200 0.5
Al substrate temperature : 250°C
Discharging freguency : 13.56 MHz
Table 23 (Variation chart Fig. 29)

Layer Layer

Discharg- Layer

constitu- preparing Gas Flow rate ing power thickness
tion step used (sccMm) (W) (n)
photo- First SiH; SiH,=350
o ; 4 4
sensitive step _
) H H.,=300
layer 2 2 300 3
] i / =2 10}
B2H6/H2 B2H6/H2 250-+0
CH, ca4=1o
giggnd SlH4 SlH4=350 300 32
Hy H25300
Surface  Third SiF4 SiF4=lQO
layer step X0 NO=500 200 0.5

W Dy g i

Al substrate temperature : 250°C

Discharging firequency : 13.56 MHz
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Table 24 (Variation chart Fig. 30)
Layer Layer Discharg- Layer
constitu- preparing Gas Flow rate ing power thickness
tion step used (sccM) (W) (1)
Photo- First SiH4 SiH4=400
sensitive step _
layer B2H6/H2 B2H6/H2—200+0 300 4
NH3 NH3=10+0
Second Sif SiH,=400
step 4 4 300 21
ig;gice g?;rd S1F4 SlF4=10 500 0.5
~ep CH CH,=600
4 4
Al substrate temperature : 250°C
Discharging frequency : 13.56 MH=z
Table 25
Layer ’ Discharging Layer
constitution Gas used Flow rate¢ Power thickness
(sccMm) (W) (W)
Photosensitive SiF SiF ;=350
layer 4 4
H, H2=300 300 25
CH4 CH4=5
Surface layer  GiF SiF,=20
- H, 2600 200 ¢.5
3 3
Al substrate temperature : 250 °C

Discharging frequency

: 13.56 MHz

- 122 =
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Examples 26 - 35
Light receiving members were prepared on Al supports

(cylindexr Nos. 103 - 106) of Example 1 in the same manner

as in Example 1 except for forming these light receiving
layers in accordance with the layer forming conditicns

‘'shown in Tables 26 through 35. In the examples each of

the examples, the flow rates for the gases used upon forming

the layers and upon forming the surface layers were

' automatically adjusted under the microcomputer control in

accordance with the flow rate variation chart described in
Table A.

The boron atoms to be contained in the photosensitive

layer were so-introduced that'B2H6SiF4 = 100 ppm and the

atoms were doped to about 200 ppm over the entire layer.

- 123 -
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Table 26
Layer Layer Discharg- Layer
constitu- preparing Gas Flow rate ing power thickness
tion step used (SCCM) (W) (u)
Photq-. First SiH4 SlH4=350 300 25
sensitive step H H.=300
layer 2 2
Surface Second SiF4 SiF4=350+10
layer step H,  H,y=300+0 300+200 1.5
CH4 CH4=O+600
Al substrate temperature 250°C
Discharging frequency 13.56 MHz
Table 27
Layer Layer Discharg- Layer
constitu- preparirng Gai; Flow rate ing power thickness
tion step used (sccM) (W) ()
Photo- First SiF4 SiF4=350
sensitive step _
layer H2 H,=120 300 3
B2H6/H2 B2H6/H2=180
iig;nd SJ.F4 SlF4=350 300 23
H2 H2—300
Surface Third SiF4 SiF4=350*10
layer step H, H,=300+0 300+200 1.5
NH, NH3=0+600
Al substrate temperature : 250°C
Discharging frequency ¢ 13.56 MHz
e 124 -
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Table 28
Layer Layer Discharg- Layer
constitu- preparing Gas Flow rate ing power thickness
tion step used (sccM) (W) (u)
Phota- First SiF SiF,=350
sy 4 4
sensitive step
layer H2 H2=0+300 300 5
B2H6/H2 B2H6=300+0
{
< Second Si,F4 SiF4=350
step 300 20
e s H, H2=300
M
ALEE Surface Third SiF4 SiF4=350+100
oo ow layer step
¢ % e’ H, H2=300+0 300--200 1.5
LXK
soase NO NO=0‘)500

Al substrate temperaturn :

Disicharging frequency

250°C

: 13.56 MHz
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Table 29

1o

Layer Layer Discharg- Layer
constitu- preparing Gas Flow rate ing power thickness
tion step used (sccH) (W} ()
Photo- First SiF4 SiF4=300
sensitive step
layer H H,=120 300 3
2 2
B2H6/H2 B2H6=180
Second SiF SiFr,=300
4 4
step
H H,=120-+300 300 1
2 2
B2H6/H2 B2H6=180-+0
Third SiF4 SiF4=300
step 300 21
Hy H2=300
Surface Fourth SiF4 SiF4=300+10
layer step
H2 H2=300+0 300+200 1.5
NH3 NH3=O»600

Al substrate temperature

Discharging frequency

250°C

: 13.56 MHz

- 126 =



Takle 30
Layer Layer Discharg- Layer
constitu~ preparing Gas Flow rate ing power thickness
tion step used (sccm) (W) (n)
Photo- First SiF4 SiF4=300
sensitive step _
layer H2 H2—300 300 25
CH4 CH4=5
o Surface Second SiF4 SiF4=3OO+10
layer step H, H,=300-+0 300+200 1.5
CH4 CH4=5+600 )
Al substrate temperature 250°c¢C
.o os Discharging frequency : 13.56 MHz
:‘u a0
v Table 31
..:E..
AL Layer Layer Discharg- Layer
saas constitu- preparing Gas Flow rate ing power thickness
tion step used (sccm) (W) (w)
Photo- First SiF4 SiF4=350
sensitive step —n
layer H, H2—3OO 300 3
CH4 CH4=10
Second SiF4 SiF4;350
step — 300 23
H2 H2—3OO
surface Third SiF4 SiF4=350+10
layer step -
Hy H,=300+0 300+200 1.5
CH CH,=0-+300
4 4
NO NO=0-+300

Discharging frequency

Al substrate temperature :

250°C.
¢ 13.56 MHz
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Table 32
Layer Layer Discharg- Layer.
constitu- preparing Gas Flow rate ing power thickness
tion step used (sccMm) (W) (W)
Photo- First SiF4 SiF4=350
sensitive step
layer H H,=300 300 2
2 2
CH4 CH4=10
Second SiF4 SiF4=350
step ;
H, H2=300 300 2
2]
CH4 CH4 10~+0.5
Third SiF SiF,=350
4 4
step
H, H2=300 300 21
CH4 CH4=0.5
Surface  + Fourth SiF4 SiF4=350+lO
layer step '
H2 H2=300+0 300200 1.5
CH CH4=0.5+600

Al substrate temperature :

Discharging frequency

250°C

~ 128 -
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Table 33
Layer Layer ~ Discharg- Layer
constitu- preparing Gas Flow rate ing power thickness
tion step used  (sccMm) _ (w) (u) '
Photo- First -SiF4 SiF4=300
sensitive step
layer H2 H2=120 - .
300 3
NH3 _ _NH3=S-
\ C‘ =
ByHg/Hy ByHg/H,=180
Second  SiF SiF,=300
. 4 4
as an ' Step . : ) -
R . H, H2=300 300 22
.: .q. . NH3 ’ . NH3=5
: L] 63 ., - —
N Surface Third SiF4 SiF4=30041O
o layer step
a‘:‘:n H2 H2=300+0 300-+200 1.5
NH3 NH3=5+600
*otas®
‘:Q:‘ Al substrate temperature : 250°C
) RO Discharging frequency : 13.56 MHz
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Table 34
Layer Layer Discharg- Layer
constitu- preparing Gas Flow rate ing power thickness
tion step used (sccm) (W) (n)
Photo- First SiF4 SiF4=350
sensitive step
layer H? H2=120
‘ 300 3
' NH3 NH3=10
B, H./H, B2H6/H2=180
Second SiF4 SiF4=350
ea an step
: Lt Hy H2=l20+300 300 2
unu.h:
.:.‘- B2H6/H2 BZHG/H2—180+0
Third SiF, SiF,=350
o o step 300 20
":l.’ H2 H2=300
Surface  Fourth SiF4 SiF4=350+100
R la st
t400 yer S ep
S H2 H2=300+0 300-+200 1.5
§ Lt
NO NON=0-+500
Al substrate temperature : 250°C
Discharging frequency : 13.56 MHz
- .30 =~
— _ /I




(L

Table 35

Layer Layer Discharg~ Layer
constitu- preparing Gas Flow rate ing power thickness
tion step used (sccM) (W) (y)
Photo- First SiF SiF,=300
e 4 4
sensitive step
layer H, H2=120
300 3
NO NO=10
B2H6/H2 B2H6/H2=180
Second SiF4 SiF4=300
step '
H2 H2=300 300 1
NO NO=10-0
Thixd SiF, SiF,=300 ;
step 300 21
Surface  Fourth SiF, SiF,=300~10
layer step ‘ o
H2 H2=300+O
300-+200 1.5
NO NO=0-+300
CH4 CH4=0*300
Al substrate temperatue : 250°C

Discharging frequency

: 13.56 MHz

2 e At AR U B SR e



35

gAY 5

Table A
Chart showing the flow Chart showing the flow
_ rate change of gas used rate change of gas used
Example No. in forming photosensitive in forming suxrface
layer layer
26 —_—— Figure 31
27 ot Figure 32
28 Figure 33 Figure 34
29 Figure 22 Figure 35
3.'1C:‘ .30 i ~Figure 36
31 Figure 37
. 32 Figure 38 Figure 39
: o 33 _— o F-‘igu‘r'e 40
e 34 Figure 41 Figure 42
’ 35 Figure 43 - ["‘igur’e; 37
- 132 =~
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Examples 36 - 46

Photosensitive layers were formed on Al supports
(cylinder Nos. 103 - 106) used in Example 1 in accordance
with layer forming conditions shown in each of Tables 36
through 46.

Subsequently, surface layers were formed by means of
sputtering process using surface layer forming materials
(1 - 20) shown in the uppor column of Table B to the layer
thickness shown in the lower column of Table B in Examples
36 and 36, while the surface layers were formed by means
of sputtering process using layer constituent materials
shown in the upper column of Table C to the layer thickness
shown in the lower column of Talle C in Examples 38 - 46.

In the Examples 36, 37, 42, 43, 45 and 46, the gases
used when forming the photosensitive layers were automatically
adjusted in accordance with the flow rate wvariation curves
shown in each of Figures 33, 22, 38, 44, 45 and 41 under
the control of a microcomputer. Further, boron atoms
contained in the photosensitive layers were introduced in
each of the examples under the same conditions as those in
Example 1.

When images were formed on these light receiving
méembers in the same manner as in Example l, same satisfactory

results as in Example 1 were obtained.
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Tablie 36 (Variation chart : Fig. 33)

Layer Layer Discharg- Layer
censtitu- preparing Gas Flow rate ing power thickness
tion step used (sccmM) (W/cm2) ()
Photo- First SiF4 SiF4=350
sensitive step —a
layer H, H2—0 300 300 5
BZHG/HZ B2HG=300+0
Second SiF Sir,=350
(&) 4 4
step H H.=300 300 20
2 2
Al substrate temperature : 250°C
. aa Discharging frequency : 13.56 MHz
S Table 37 (Variation chart : Fig. 22)
HI AN Layer Layer Discharg- Layer
*s+e  constitu- preparing Gas Flow rate ing power thickness
tion step used (sccM) (W/cm2) (u)
.17 Photo- First SiF, SiF,=300
. oe sensitive step -
Qe layer H, H, 120 300 3
B2H6/H2 ByH =180
Second SiF SiF,=300
step 4 4
H, H2=120+300 300 1
B2H6/H2 B,H,=180+0
Third SiF4 SiF4=300
step Hz- H2=300 300 21
Al substrate temperature : 250°C
2 Dischar¢ging frequency : 13.56 MHz
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Table 38
Layer - Layer Discharging Layer
constitu- preparing Gas Flow rate power thickness
tion step used (sccM) (W/cm®) (n)
Photo- First SiH4 SiH4=350
sensitive step q H.=300 300 25
layer : 2 2
Al substrate temperature : 250°C
Discharging frequency : 13,56 MHz
-
| 1o Table 39
Layer Layer Discharging Layér
'.°*, constitu- preparing Gas Flow rate power, thickness
¢ e tion step used (sccm) (W/cm"™) (u)
¢*,**, Photo- First SiF4 SiF,=350
¢ sensitive step _ o
”.:.. layer - H2 Hz—l20 .300 3
v Bylg/Hy ByHg/Hy=180
‘Second SiF4 SiF,=350 ,
step H H.=300 300 23
. 2 2
Al substrate'tempetature :  250°C
Discharging frequency :. 13.56 MHz
Table 40
Layer Layer Discharging Layer
constitu- preparing Gas Flow rate power, thickness
~tion step used (SCCM) (W/cm™) (W)
Photo- First SiF, SiF,=300
sensitive step : _ ) . .
layer H2 H2—300 300 25
{3® ' CH4 CH4='5 |

‘Al substrate temperature : 2509¢

Discharging frequency

: 13.56 MHz
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Table 41

Discharging Layer

Layer Layer
. constitu- preparing Gas Flow rate power thickness
tion step used (sccm) (W/cm®™) (n)

Photo-  First SiF,  §iF,=350

sensitive step _

layer H, H,=300 300 3

CH4 CH4=10
Second SiF4 SiF4=3SO
step H H.=300 BQO - 23
2 2
Al substrate temperature 250°cC
Discharging frequency 13.56 MHz

Table 42 (variation chart

: Fig. 38)

Discharging Layer

Discharging fréquency

Layer Layer .
constitu- preparing Gas Flow rate power, thickness
“tion step used (SCCM) (W/em™) (n)
Photo- First SiF, SiF,=350
' sensitive step S o _ '
layter H,  H,=300 300 2
Cﬂ4 CH4=10
Second SiF SiF =350
ste 4 4
step H,  H,=300 300 2
CH4 CH4=10+055
Third SiF SiF,=350
sten 4 4
~ep H,  H,=300 300 21
CH4 CH4=0.5
Al substrate temperature 250°cC
13.56 MHz

- 136 -

R SRS



Discharging frequency : 13.56 MHz
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Table 43 (Variation chart : Fig. 44)
Layer Layer Discharging Layer
constitu- preparing Gas Flow rate power., thickness
tion step used (SCCM) (W/cm™) (p)
Photo- First SiF4 SiF4=300
sensitive step _
layer H, H2—300 300 3
CH4 CH4=10
e, gigond SlF4 SlF4=300
P Hy  H,y=300 300 2
( e:‘ CH4 CH4=10-+0
e Third SiF, SiF,=300
o step H H. =300 300 15
2 2
Lt v
LI l:
RN Fourth SiF4 Sti=300+lOO
step H,  H,=300-0 300+200 2
. ' CH, CH4=0+500
ED Fifth SiF, §ir,=100
step ol CH.=500 300+200 3
¢ 4 4
Al substrate temperature : 250°C
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Table 44

Layer

Layer

Discharging Layer

- 138 -

! constitu- preparing Gas Flow rate power thickness
: tion step used (sccM) (W/cm™) (w)
Photo- First SiF4 SiF4=300
sensitive step _
layer Hy Hy=120
NH, NH3=5 300 3
B2H6/H2 B2H6/H2=180
o Second SiF4 SiF4=300
step H, H,=300 300 22
et NH3 NH3=5
:Q.‘Ql.
ciee Al substrate temperature 250°C
¢+ Discharging frequency 13.56 MHz
[ XXX}
.. (X ]
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Table 45 (Variation chart : Fig. 495)

J.aver Layer Discharging Layer
constitu- preparing Gas Flow rate power ‘ t@ickness
tion step used (sccM) (W/cm”) (W)
Photo- First SiF . SiF,=300
L 4 4
sensitive step ‘
layer H2 H2=l20 o
‘ T 300 3
NO NO=10
| B2H6/H2  B,H,=180
.Eﬁh Second SiF SiF,=300
[ ] [} e ' 4 4
®. . or ep .
'2’"5 ‘ | Hy H2=300 300 1
AT  NO  NO=10-0
‘ t:o¢ ' ' ‘ ’
seve Third  SiF, = SiF,=300
;‘ﬂ?, ‘ step - ' 300 15
‘ ‘ H, H2=300
PO Fourth SiF4 ‘ SiF4=300*20 |
sere step ‘
N ‘ ‘ H, H,=300-0 300400 ‘ 2
O CH CH,=0+600
‘ 4 4
Fifth Sir, SiF,=20 o o
step ‘ 300+200 3
CH CH,=600 ‘

4 4

Al substrate temperature : 250°C

Disnharging frequency . : 13.56 MHz
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Table 46 (Variation chart : Fig. 41)

Layer Layer _ ' ' Layer
constitu- preparing Gas Flow rate thickness
tion step used (sceMm) (n)
Photo- First SiF4 - SiF4=350
sensitive step
layer | H, H2=120 5

NH3 : NH'3=10

B2H6/H2 BZHG/H2=18O

Lo — —
Second SiF SiF,=350
:0 ®a . N 4 4
L step
cenael : H2 H2=120+300 2
e, BpHg/Hy BpHg/Hy=180-0
sage ) Third SiF4 SiF4=350
:.:‘:. step 7 20
H, H2=300 .
: thi ¢
el Al substrate temperature : 250°C
E : Dischargihg frequency : 13.56 MHz
- 140 =
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Condition No.

10

Constituent

condition for
surface layer
{mixing ratio)

Refractive
index

Layer thick-
ness - {(um)

0.0975 0.293

0.0863 0.259 0.0933 0.280 0.0886 0.266

0.0874 0.262

Condition No.

i1 12

20

Constituent

condition for
surface layer
(mixing ratio)

ZnS

Refractive
index

2.24

Layer thick-
riess  (um)

0.0871 0.261

0.424




Table C
Example No. 38,39 40 41 42 43 44 45 46
Constituent
condition for Zroz/

surface layer Zro2 T102 T102 CeO2 Zns A1203 CeF3 MgF

(mixing ratio) =6/1
e e Refractive
* ., index 2,00 2.26 2.09 2.23 2,24 1.63 1.50 1.38

ssev  Layer

{&>:,  thicknes.
[ B A1

(um) 0.293 0.256 0.280 0.262 0.261 0.359 0.366 0.424

- 142 =
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Examples 47 - 66

Light receiving layers were formed on Al supports
(sample Mos. 103 - 106) used in Example 1 under the layer
preparing conditions shown in Tables D and E.

When forming images on the light receiving members
thus obtained in the same manner as in Example 1, occurrence
of interfercnce fringe was not observed in any of the thus

obtained images and the image quality was extremely good.
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Table D
N Photciigzitive Surface layer
Charge | Refleétion preventive Abrasion—
injection %igirtéinzigz é?yiﬁ; resistant
N inhibition support layer
Example layer FPirst Secdnd Third (eutermost
No. layer layer layer layer)
I 47 - 19 2 - - 3
48 ~ 19 8 - - 5
49 - 20 12 - - 5
50 - 20 12 - - 16
51 - 20 12 13 - 3
52 - 20 12 13 4 1
TR 53 - 17 4 - - 1
..' ~4 - 18 4 = - 1
s, 55 23 20 6 - - 7
:‘:5:‘ 56 24 20 4 - - 9
¢ W 57 25 20 4 - - 10
58 = 20 4 - - 11
P 59 23 20 13 - -
60 23 20 14 = - 2
6L 23 20 15 - - 2
62 23 20 14 15 - 2
63 23 20 14 15 4 2
64 - 21 4 - - 1
6% 26 21 4 - - 1
66 27 22 4 - - 1
30 Numerals in the table repregent the layer No shown in Table B.
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Table E

Preparing
Method Preparing Condition
GD: Glow ;
discharge Gas used and flow Layer
Name SP: Layer rate,or target and thick-
of Layer Sputter- constituent sputter gas used ness
layer No. ing material (sccMm) (pm)
&} 1 sin,  gas 10 2
GD a-SiCH
2 CH, gas 600 0.14
3 SiH4 gad 100 3
GD a-SicCH
4 CHy, gas 300 0.076
5 SiH4 gas 10 1
GD a~SiCHF sir, gas 10
H 6 CH, gas 700 0.12
o , " :
:' 7 siH,  gas 70 1.5
(S o GD a~SiCHF SiF, gas 70
' 8 CH, gas 300 0.11
”E m = - - - -
u* o 7 Sih“; gas 150 ]
" st :
Y 7 SiH4 gas 100
o 10 GD a-SiNH N, gas 300 2
SiF4 gag 70
11 GD a-~SiNHF siu 4 das 70 2
2 - .NHH ga%} 250
| AL,0,
12 SP Alzoa Ar gas (U
13 Sp 5104 0.39
- )
~ 145 =
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Table E (cont.=1l)
Preparing
Method Preparing Condition
GD: Glow .
discharge Gas used and flow Layer -
Name SP: Layer rate,or target and thick-
of Layer Sputter- constituent sputter gas used ness
layer No. ing material (sccM) (um)
lo 14  sp Al,05/2r0) Aly04/2x0; = 1/1 4 35
3 = 1/1 Ar gas
b ; |
15 sp Tic., 110, .26
o “ Ar gas
0 :
©
4 — $i0, 'gas
H 16 SP sio, 2 9 1
wn ' Ar gas
i7 6D a-SiH Sily gas 800 55
. H, gas 360
H ;
o S1H gas 200
LR By 18 GD a-SiHF SiF, gas 150 20
' Qjcﬁ_ .om H, gas 350
et ~
.f- ' SiH, gas 350
¢ 19  GD. ‘a-SiHB H, gas 360 18
> B
i _ ,
- S1iF, gas 300
0n 20 GD a-SiHFB H, gas 250 15
A BF 4 gas 3.5x107%
U - :
0 Sin gas 300
o} 2 o
. H gas 250
o 21 GD a~SiNHB 2 E 15
o NH gas 2.5x10 —
4 -4
~£ﬁr Ko ByH, gas 3.5x10
i o | ——
L _Si_H4 gas 300
22 GD a-SiNoHB 12 gas 250_1 15
NO gas 2.5x10
) _ ' =4
B2H6 gas 3.5x10_

e Sl bl s
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Table E (Cont.-2)

?reparing
Method Preparing Condition
GD: Glow
discharge Gas used and flow Layer
Name SP: Layexr rate,or target and thick-
of Layer Sputter- constituent sputter gas used ness
layer Nc¢. ing material (sccM) (jm)
o SiH4 gas 350
23 GD a-SiHB H2 gas 360 5
B,H,  gas 4 .0x1072
SiH4 gas 300
24 GD a-SiHFB SiF,  gas 160 3
e H, gas 150
2 B.H 6.0x10™2
S 276 P
~
g SiH4 gas 250
'43 25 GI: a-SiHFB SiF,  gas 150 ) 3.5 -
E‘g:_ 2 BF, gas 6.0x10
. . ﬁ
et i .
X ‘%Q SlH4 gas 350
[ 3 ;o c
S 26 GD a-SiNHB Hy gas 360 5
:u: § NH4 gas 10_2
v o) B H, 4.0x10
-
Q SiH4 gas 350
8 360
q 27 GD a-SiNoHB M2 gas 5
3 NO gas 10
B,H,  gas 4.0x10 2
l" ‘ ¢
¢ [
- 147 -
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The claimo danining e nvanlion Qi &S ichows:
WHAP—I-S—~ELAEMER--LS5-

(1) A light receiving member comprising a support
and a light receiving layer of a mﬁlti—layered structure
having at least a photosensitive layer composed of an
amorphous material containing silicon atoms and at least
one of the elements selected from oxygen atoms, carbon
atoms and nitrogen atoms, said support having a surface
provided with irreqularities composed of spherical dimples,
each of which having an inside face proviued with minute
irregularities.

(2) A light receiving member as defincd in Claim 1,
wherein the irregularities on the surface of the support
are composed of spherical dimples having the same diameter
of curvature.

(3) A light receiving member as defined in Claim 1,
wherein the irregularities on the surface of the support
are composed of spherical dimples having the same diameter
of curvature and the same width.

(4) A light receiving member as defined in Claim 1,
wherein the irregularities on the surface of the support
are those which are formed by kettsmg a plurality of rigid
spheres each of w&ich having a surface provided with minute
irregularitie54:a£;\spontaneously on the surface of the
sapport.

(5) A light receiving member as defined in Claim 4,

- 148 -
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wherein the irregularities on the surface of the support
are those which are formed by kettding the rigid spheras
of almost the same-diameter4gi;;\spontaneously on the
surface of the support from almost the same height.

(6) A light receiving member as defined in Claim 1,

wherein the spherical dimples have the radius of curvature

R and the width D which satisfy the following equation.

D

A

(7) A light receiving menmber as defined in Claim 6,
wherein the spherical dimple has the width D which satisfies

the following equation.

e D < 0.5 mm
.:...s
se, e, (8) A light receiving member as defined in Claim 1,
. . & t
‘i** .wherein the minute irregularity has the height h which '

« + « satisfies the following equation.

0.5 um < h g 20 um

(9) A light receiving member as defined in Claim 1,
wherein the support is a metal member.

(L0) A light receiving member as defined in Claim 1,

wherein the photosensitive layer contains a substance for
+""+  controlling the conductivity.
L ' (l1l) A light receiving member as defiined in Claim 1,

= wherein the light receiving layer coawrises a charge

~ 149 -~
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injection inhibition layer containing a substance for control-
ling the conductivity as one of the constituent layers.

(12) A light receiving member as defined in Claim 1,
wherein the light receiving layer comprises a barrier
layer as one of the constituent layers.

(13) A light receiving member comprising a support,

P

a light receiving layer having a photosensitive layer composed
of an amorphous material based on silicon atoms and a surface
layer, said support having a surface provided with irregular-
ities composed of spherical dimples, each of which having

an inside face provided with minute irregularities.

(14) A light receiving member as in Claim 13, wherein
the irregularities on the surface of the support are composed
of spherical dimples having the same radius of curvature.

(15) A light receiving member as set forth in Claim 13,
wherein the irregularities on the surface of the support are
composed of spherical dimples having the same radius = of
curvature and the same width.

(L6) A light receiving member as set forth in Claim 13,
wherein the irregularities on the surface of the support are
those which are formed by ¥ettsrmy a plurality of rigid spheres
each of wR;ch having a’ suxface provided with minute irregular-
ities f;;ixggontaneously on the surface of the support.

(L7) A light receiving member as defined in Claim 16,

wharein the irregularities on the surface of the support are

- 150 -
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those which are formed by kettimg the rigid spheres of
Fallin
almost the same diamcter, #add Spontancously on the surface
of the support from almost the same height.
(18) A light receiving member as defined in Claim 13,

wherein the spherical dimples have the radius of curvature

R and the width D which satisfy the following equation.

0.035 0.5

S
A

L
R

(19) A light receiving member as defined in Claim 18,
wherein the spherical dimple has the width D which satisfies
the following equation.

D £ 0.5 mm

(20) A light receiving member as defined in Claim 13,
wherein the minute irregularity has the height h which
satisfies the following equation. ‘

0.5 ym < h < 20 pm

(21) A light receiving member as defined in Claim 13,
wherein the support is a metal member.

(22) A light receiving member as defined in Claim 13,
wherein the photosensitive layer contains a substance for
controlling the conductivity.

(23) A light receiving member as defined in Claim 13,
wherein the light receiving layer comprises a charge injecgtion
inhibition layer containing a substance for controiling the

conductivity as one of the constituent layers.
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(24) A light receiving member az defined in Claim 13,
wherein the light receiving layer comprises a barrier layer
as one of the constituent layers.

(25) A light receiving member as defined in Claim 13,
wherein the surface layer is composed «f an amorphous
material containing silicon atoms and oxygen atoms.

(26) A light receiving member as defined in Claim 13,
wherein the surface layer is composed of an amorphous
material containing silicon atoms and at least one of the
elements selected from oxygen atoms, carbon atoms and
nitrogen atoms, and optical band gaps are matched at the
interface between the photosensitive layer and the surface
layer:.

(27) A light receiving member as defined in Claim 13,
wherein the surface layer has a reflection preventive
functiAn.

(28) A light receiving member as defined in Claim 27,
wherein the surface layer is composed of at least one of
the elements selected from inorganic fluorides, inorganic
oxides and inorganic sulfides.

(29) A light receiving member as defined in Claim 28,
wherein the thickzess d of the surface layer can satisfy
the following equation:

A
4n

d = m (m is a positive odd number)
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where n is a refractive index of the substance constituting
the surface layer and A is the wavelength of the irradiation
light.

(30) A light receiving member as defined in claim 28,
wherein the refractive index n of the substance constituting
the surface layer and the refractive index n, of the amorphous
material constituting the photosensitive layer in adjacent

with the surface layer can satisfy the following equation :

(31) A light receiving member as defined in Claim 13,
wherein the surface layer is constituted as a multi-layered
structure comprising an abrasion-resistant layer at the
outermost side and a reflection preventive layer in the inside.

(32) A light receiving member as defined in Claim 31,
wherein the surface layer is composed of an amorphous layer
contairing silicon atoms and at least one of the elements
selected from oxygen atoms, carbon atoms and nitrogen atoms.

(33) A light receiving member as defined in Claim 31,
wherein, the surface layer is composed of material selected
from inorganic¢ fluworides, inorganic oxides and inorganic
sulfides.

(34) A light receiving member conprising a support and
a light receiving layer having a photosensitive layer composed

of an amorphous material containing silicon atoms and at
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lecast one of the elements selected from oxygen atoms, carbon
atoms and nitrogen atoms and a surface layer, said support
having a surface provided with irregularities composed of
spherical dimples, each of which having an inside face
provided with minute irregularities.

(35) A light receiving member as defined in Claim 34,
wherein the irregularities on the surface of the support
are compused of spherical dimples having the same radius
of curvature.

(36) A light receiving member as defined in Claim 34,
wherein the irregularities on the surface of the support
are composed of spherical dimples having the same radius
of curvature and the same width.

(37) A light receiving member as defined in Claim 34,
wherein the irregqularities on the surface of, the support
are those which are formed by let&ing é plurality of rigid
spheres each of %Pich having a surface provided with minute
irregularitie54Z;%:\gpontaneously on the surface of the
support.

(38) A light receivina member as defined in Claim 37,
wherein the irregularities on the surface of the support are
those which are formed by &g&ﬁémg the rigid spheres of
almost the same diameterJZazl spontaneously on the surfaca
of the support from almost the same height.

(39) A light receiving member as defined in Claim 34,
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wherein the spherical dimples have the radius of curvature

R and the width D which satisfy the following equation.
0.035 ¢ —— < 0.5

(40) A light receiving member as defined in Claim 39,
wh 2in the spherical dimple has the width D which satisfies
the following equation.

D < 0.5mm

(41) A light receiving member as defined in Claim 34,
wherein the minute irregularity has the height h which
satisfies the following equation.

0.5 um <h g 20 pm

(42) A light receiving member as defined in Claim 34,
wherein the support is a metal member.

(43) A light receiving nmember as defined in Claim 34,
wherein the photosehsitive layer contains a substance for
controlling the conductivity.

(44) A light receiving member as defined in Claim 34,
wherein the light receiving layer comprises a charge
injection inhibition layer containing a substance for
controlling the conductivity as one of the constituent
layers.

(45) A light receiving nember as defined in Claim 34,
wherein the light receiving layer cowprises a barricr layer

as one of the constituent layers.
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(46) A light receiving member as defined in Claim 34,
wherein the surface layer is composed of an amorphous
material containing silicon atoms and at least one of the
elements selected from oxygen atoms, carbon atoms and
nitrogen atoms, and those elementa selected from oxygen
atoms, carbon atoms and nitrogen atoms contained in the
materials for constituting the photosensitive layer and
the surface layer are different from each other.

(47) A light receiving member as defined in Claim 34,
wherein the surface layer is composed of an amorphous
material containing silicon atoms and at least one of the
elements selected from oxygen atoms, carbon atoms and
nitrogen atoms, and optical band gaps are matched at the
interface between the photosensitibe layer and the surface
layer.

(48) A light receiving member as defined in Claim 34,
wherein the surface layer has a reflection preventing
function.

(49) A light receiving member as defined in Claim 48,
wherein the surface layer is composed of at least one of
the elements selected from inorganic filuorides, inorganic
oxides and inorganic sulfides.

(50) A light receiving member as defined in Claim 49,
wherein the thickness d of the surface layer can satisfy

the following equation :

- 156 =



A
d= 4y m(mis a positive odd number)

where n i1s a refractive index of the substance constituting the surface
layer and A\ is the wavelength of the irradiation Iight.

51. A light receiving member as defined in claim 49, wherein the
refractive index n of the substance constituting the surface layer and the
refractive {ndex ny of the amorphous material constituting the
photosensitive layer in adjacent with the surface layer sat1sf1es the
following equation:

n = ‘/a‘

52, A 1ight receiving member as defined in claim 34, wherein the
surface layer is constituted as a multi-layered structufe comprising an
abrasion-resistant layer at the outermost side and a reflection preventive
layer in the inside,

53. A light receiving member as defined in claim 52, wherein the
surface layer is qomposad of an amorphous layer’containing silicon atoris
and at least one of the elements selected from oxygen atoms, carbon atoms
and nitrogen atoms.

54, A lignht receiving member as defined in claim 52, wherein, the
surface layer 1§ composed of material selected from inorganic fluorides,
inorganic oxides and inorganic sulfides.

55, An electrophotograpnic process comprising:

(a) charging the 1ight receiving member of claim 1; and
(b)  {rradiating said Ttght recetving member with an electromagnetic
wave carrying information, thereby forming an electrostatic image.-

56. An electrophotcgraphic process comprising:

(a) charging the 1ight receiving member of claim 13, and
(b)  irradiating the 1ight receiving member with an electromagnetic
wave carrying information, thereby forming an electrostatic image.

57, An electrophotographic process comprising:

(a) charglrig the 1ight receiving member of claim 34, and
(b) 1irradiating the 1ight receiving member with an electromagnetic
wave carrying information, thereby forming an electrostatic 1mage,
DATED this SEVENTH day of APRIL 1989
CANQON KABUSHIJI KAISHA

Patent Attorneys for the Appllcant
SPRUSON & FERGUSON
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