qGasorbt,

BACKGROUND OF THE | NVENTI ON
bf  t REPLACER SBEETS Thesﬁhe§ nt invention relates to a char3é>§wﬁbly

de- TN~ cll ty a _______ with an image formng apparadtus, such

as a pi 'F*ﬂ$gldegﬂig‘%%t 95& .......... mle, a copying nmachine,f]o K di spl ay,

and nor d % i charlgl ng device and a contacft itradstern
devi ce y TEURPL WPYe wiviage’ T.of T apparatus. More specifically, the

i nventi aggi ng device for charging or discharging

a nenbe

§ : CONTACT CHARGE SUPPLY DEVICE

‘§ The present invention relates to a charge supply
device of the contact type in use with an image forming
apparatus, such as a printer, a video printer, a facsimile, a
copying machine, or a display, and more particularly to a
contact charging device and a contact transfer device in use
with the image forming apparatus.

More specifically, the invention relates to a contact
charging device for charging or discharging a member to be
charged by bringing a charging member applied with an
external voltage intc contact with the member to be charged
and a contact transfer device for transferring developer onto
a transferred-image recording media from the member to be
charged when the transferred-image recording media passes
through a space between a transfer member applied with an
extarnal voltage and the member to bé charged. The charging
member and the transierred-image recérding media will be °
referred to as a "ccntact member® hereinafter.

In the image forming apparatus based on tﬁe
electrostatic electrzcohotography system, a latent
electrostatic image Is formed on a photoreceptor drum, toner
is attracted to the iatent image, and the toner image formed
is tr ransferred onto a transferred- ‘image recordlnq media. .

.The photoreceptor drum used in the electrophotography
system is constructed such that an underlayer is formed on
the surface of a drum as a base, and a photoreceptor layer
whose electric conductivity varies in response to light is
formed on the underlayer. In some cases, the photoreceptor
layer is layered directly on the surface of the drum, not

using the underlaver.
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to be charged by bringing a charging nenber applied wth an external

vol tage into contact with the nenber to be charged, and a contact transfer
device for transfer- ring devel oper onto a transferred-imagd rﬁc rﬁi¢g%;-si
nmedi a fromthe nmenber to be charged when the trans- feed-ingdellr eécdrdi fg 4 {
medi a passes through a space between atransfer menber applied with an
external voltage and the nenber to be éharged. The charging nenber and

the transfer nmenber will be referred to as a "contact nenber"” hereinafter.
2. Discussion of the Conventional Art |In the inage form ng apparatus based

oo S Forney on BABCAFLRCLASHRRS O AR SR 2 W BBl SrL hi ¢
| atent i mageeqaidetiheiybdétyi andetd sy 4 hargnsflaratad coinsudating
o o ey TOS ! REALILT R LS SR T U35 B, 1
fornmed on timetaldr iaceypical By valwesiraurbas eTheanthdenilagter: isr esepldy hayer
. whose eleCtBQSd%OQQEﬁtE¥i5X gfééé%iérknsulating film, which is formed on
the surface of the drum.

Organic or inorganic material, used for the
photoreceptor layer, exhibits an electrical insulation to
such a degree as to retain charges when it is not exposed to
light, and as to release charges therefrom when it is exposed
to light. When a material making the photoreceptor layer is
an organic material, the photoreceptor layer is formed by
immersing a drum with the underlayer formed thereon in a
preparation liquid that is formed by dissolving the organic
material into a solvent. When a material making the
photoreceptor layer is an inorganic material, the
photoreceptor layer is formed by vapor depositing the
inorganic material on the underlayer formed on the drum.

The phbtoreceptor drum thus constructed is charged at
a fixed potential by a corona charging device, a contact
charging device, or the like. Under this condition, the
photoreceptor layer on the drum is exposed to light beams or
an optical image patterned according to image data in order
to form a latent electrostatic image thereon. The electric
resistance values in only the portions of the photoreceptor
layer where are exposed to the light are selectively reduced,
so that charges present on the surface disappear and the
potential thereon drops.

Charged toner is brought into contact with the
photoreceptor layer bearing the latent electrostatic image
thereon, so that the toner is attracted to only the portions
exposed or not exposed to the light by an electrostatic
force, thereby forming a toner pattern on the photoreceptor

layer.
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response to light is fornmed on the underlayer. In some cases, the L
phot oreceptor layer is layered directly on the surface of the drum not '

usi ng the underlayer. The drumis made of such a netal ast %ye are-
quired rigidity and to allow a hard, elgctric insulating T}lﬁjﬂﬁf{ﬁ:‘gy be
formed on the surface thereof. Such a nmetal is typically™al* L
undel ayer is usually an oxide filmor an electric insulating film which
is fornmed on the surface of the drum Organic or inorganic material, used
for the photore- ceptor |ayer, exhibits an electrical insulation to such a

degree as to retain gharges when it id$_.not SXROsSe Lo light, .and as to
rel ease charges t hef8FPonRwheRiseiRed-1mag rding media is moved
toward the surface of the photoreceptor drum in synchronism

with the rotation of the drum bearing the toner image on the
surface thereon. Then, the transferred-image recording media
is charged in the polarity opposite to the polarity of the
charged toner. The toner pattern on the drum is attracted to
the transferred-image recording media, so that the toner
pattern is recorded on the transferred-image recording media.

The device for charging the photoreceptor drum, the
discharging device for removing the residual charge on the
drum, and the transferring device for transferring the toner
pattern on the transferred-image recording media belong to
the devices for supplying and removing charges to and from
the drum. By convention, the called corona charging device,
which utilizes particles charged by the corona discharging,
is used for those devices.

The use oi the corona charging devices inevitably
‘generate ozone, which contaminates air. To avoid this,
contact charging devices and contact transfer devices, which
generate an extremely small amount of ozone, have been used
recently.

In the contact charging device, a brush of conductive
fibers or a roller made of conductive elastic material, being
applied with external voltage, is brought into contact with
the surface of the photoreceptor drum, while the contact
member, i.e., the brush or the roller, is being moved
felative to the drum. A minute spark is generated in a gap
between the contact member and the drum surface, which is
formed when they approach to each other or separate from each
other. Through this process, the photoreceptor drum is
charged.

In the contact transfer device, a brush of conductive
fibers or a roller made of conductive elastic material, being

applied with external voltage, is made to approach to each
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2 exposed to light. When a material making the photore- ceptor layer is an

organic material, the photoreceptor layer is fornmed by inmersin drum
with the under- layer formed thereon in a preparation liquid t)‘étﬁif@g P
by dissolving the organic material into a sol- vent. Wen a naterila lﬂ@gf '
t he photoreceptor layer is an inorganic nﬁterial, t he phot orecept or Iayerb LIS
Is fornmed by vapor depositing the inorganic material on the underl ayer
formed on the drum The photoreceptor drumthus constructed is charged at
a fixed potential by a corona charging device, a contact chargi ng devi ce,

exposed 1o I PEME oihrb G B3 BatTrASSB=RaAr CPAER SRESTEIIG Mg
data in ordepldced arereBetiveiin el act thitatime, mahe tbeteon. mdidmeliactric
resi stance VLGS ddval'2er 1320 tha"axah. Nk RURLELCGERberyd aver vhich
generated in a gap between the contact member and the
transferred-image recording media, which is formed when they
approach to each other or separate from each other. Through
this process, the image on the photoreceptor drum is
transferred onto the transferred-image recording media.

When the transferred-image recording media is not
present between the contact member and the drum surface, a
voltage for cleaning the contact member (causing the toner
adhered to the contact member to move to the drum surface) is
applied thereto to clean the contact member.

The discharge phenomenon is used in also in the
contact charging device and the contact transfer device.
Accordingly, a voltage of approximately 0.5 to 1.5 kV, lower
than that for the corona discharge, is applied between the
contact member and the photoreceptor drum. To keep the
breakdown voltage of 0.5 to 1.5 kV, the voltage must be
properly distributed into the photoreceptor layer and the
underlayer so as not to damage them.

Where the photoreceptor layer has a defective part or
parts and a pinhole or holes with dusty material, i.e.,
foreign material attaching thereto, and those provide current
paths, the current concentrically flows through those current
paths.

' When the contact member comes in contact with the
defective parts or the pinholes, the voltage applied to the
contact member causes current to flow to the conductive paths
formed by the defective parts and the foreign materials in
the pinholes or the defective parts since the impedance of
the conductive paths is lower than that of the remaining
portions of the photoreceptor layer. At this time, no
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‘the light are selectively reduced, so that charges present on the surface

di sappear and the potential thereon drops. Charged toner is ht into
contact with the pho- toreceptor |ayer bearing the latent elec r%;§a941 I
tiomsti | ;7 -

| mage thereon, so that the toner is attgacted to only the por- '
exposed or not exposed to the light by an electro- static force, thereby"
formng a toner pattern on the photoreceptor |ayer. Then, a
transferred-i mage recording nedia is noved toward the surface of the

phot oreceptor drumin syn- chronismwth the rotation of the drum bearing
the toner image on the surface thereon. Then, the trans- ferred-inmage
recor di ng nBdFENAEIR hEReRAMENPN KECHSSaPRLYe8BpsErMe P8 the $ONER¢EY of the

charged tongembdheah@Nele BHI QYR cRPLbhe 1dkdm, i s attracted to the
transferred- 1image recordi'ng nedia, so that the toner pattern is re- corded

on the transferred-Thege r%re@itnéiﬁﬁélp_a. intghgh@epiphotes efeeefisid t he
phot or ecept g rHepi v g dbShiaicdimigede¥oge thar reeaB¥ANg; FE1 £ esigluial charge
on .

voltage applied to the contact member, or the charging
member, drops, so that no discharge takes place in the gap
between the charging member and the photoreceptor layer. As
a result, only the contact area of a part of the
photoreceptor layer, which includes the pinholes and extends
in the axial direction, and is in contact with the charging
member, suffers from poor discharge. The poor discharge part
appears as a white stripe in the normal development and as a
black stripe in the reversal development. This considerably
reduces the image cuality.

Additionally, the current concentrically flowing into
the extremely small areas is excessively large. This
excessively large current heats the charging member in these
areas and the foreign material in and around the pinholes.
The material of the charging member is changed in quality and
the pinholes of the photoreceptor layer is enlarged, possibly
creating serious problems in the machine.

To solve the problems, the techniques to limit the
lower limit value of the resistance of the charging member
have widely been used as disclosed in Published Unexamined
Japanese Patent Application Nos. Sho. 56-132356, Sho.
58-49960 and Sho. 54-73365, for example. 1In one of the
téchniques, the volume resistivity of the charging member is
set within 10° to 10% (Qcm).

Techniques using the charging member, which is
multilayered such that the volume resistivity of the outer
layer thereof is larger than that of the inner layer, have
been proposed in Published Unexamined Japanese Patent
Application Nos. Sho. 64-73364 and Hei. 4-138477, and USP

5,126,913, for example.
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the drum and the transferring device for transferring the toner pattern on
the transferred-image recordi ng nedia belong to the devicesfif&r {spppl yi ng
and renovi ng charges to and fromthe drum By conventi on, t@eﬁcé]@ez Qoﬂota
chargi ng device, which utilizes particle% charged by the corona

di scharging, is used for those devices.

3 The use of the corona charging devices inevitably generate ozone, which
contam nates air. To avoid this, contact chargi ng devices and contact

transfer devices,

Specifically, Published Unexamined Japanese Patent
Application No. Hei. 4-138477 discloses a charging member
having such a multilayered structure that the surface layer
exhibits an anisotropic property of conductivity and has 10°
Q or more along the surface thereof. USP 5,126,913 uses a
power source of such a large capacity as to keep the power
source output constant even if the current concentrates at
the pinholes.

Many proposals have been made on the technique to lay
an underlayer between the photoreceptor layer and the drum
body. Those proposals discuss mainly improvements on the
adhesion of the photoreceptor layer to the conductive layer
or the drum, the ccating of the photoreceptor layer, and the
dark/light decay characteristics of the photoreceptor layer.
Among those proposals, Published Unexamined Japanese Patent
Application No. Sho. 61-179464 discloses a technical idea in
which the lower limit value of the divided charged potential
for the underlayer (or the intermediate layer) is set at 1 V,
in order to suppress the formation of pinholes in the
photoreceptor layer by the discharge.

Also in the contact transfer device, as in the
contact charging device, when the current flowing intoc the
pinholes exceeds a current value predetermined for the
related circuit, the voltage applied to the transferred-image
recording media drops, so that no discharge takes place in
the gap between the transferred-image recording media and the
tfansfer member. As a result, only the contact area of a
part of the photoreceptor layer, which includes the pinholes
and extends in the axial direction suffers from poor
transfer. The transfer member is changed in quality and the
pinholes of the photoreceptor layer are enlarged, possibly
creating serious problems in the machine.

The inventors of the present Patent Application,
after carefully studying the problems of those devices in
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whi ch generate an extrenely small anount of ozone, havé been used recentl
In the contact charging device, a brush of conductive fibers or a ral
made of conductive elastic nmaterial, being applied with external %o t%
i's brought into contact with the surface of the photoreceptor} &Sﬁ

t he contact nenber, i.e., the brush or t he roller, is belng relatlve
to the drum A mnute spark is generated in a gap between the contact
menber and the drum surface, which is formed when they approach to each

ot her or separate from each other. Through this process, the photoreceptor
drumis chargmthectilon ttiehctheacbnveatsdral descinel qued/ usinﬁfrmanhdma ive

oo " AP 43625, SR Lhieft PERE ABUSHIe SHOR Wit
transferred- onngkamuua&edBnghnadphengm@maneﬂhatmwhénnmhﬂnnoﬂﬁadﬁnm&mbeme t he
Gencrat ed | T OMSsa o SEHEER & et RoRbadeberbaTe drt i) ot BERRAIRg
recording of the photoreceptor layer, a current, which is in excess of
a current value calculated on the basis of the volume
resistivity of the contact member, flows into the defective
part and/or the pinholes. Accordingly, poor charging or
transfer inevitably takes place over the entire contact area
across the photoreceptor layer with the contact member. The
resultant image is poor. Further, a situation that the
current flowing into the pinholes heats the contact member or
the pinholes of the phonoréceptor layer, thereby
deteriorating the ccntact member or enlarging the rinholes,

is also inevitable.

Accordingly, a first object of the present invention
is to prevents the image quality deterioration, and damages
of the contact memcer and the photoreceptor layer 2y an
overcurrent flowing into the defective part and the pinholes.

A second object of the present invention is to
provide a novel contact charging device which is free from
the deterioration of the image quality, the erroneous
operation of the electrical system, and the damage of the
device components.

' A third object of the present invention is to provide
a contact charging device which is able to charge a charged
member stably and uniformly.

A fourth object of the present invention is to
provide a contact transfer device which is free from the
deterioration of the image quality, the erroneous operation
of the electrical system, and the damage of the device

components.
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medi a, which is formed mhen they approach to each other or separate fr
each other. Through this pro- cess, the inage on the photor F *&FA L
trans- ferred onto the transferred-inage recordi ng nedi a. } tihe
transferred-i mage recording nedia is not present between the contact nenber
and the drum surface, a voltage for cleaning the contact member (causing
the toner adhered to the contact nenber to nove to the drumsurface) is

applied thereto to clean the contact nenber. The di scharge phenonenon is
used also in the contact charging device and the contact transfer devi ce.
Ac- cordingly, a voltage of approximately 0.5 to 1.5 kV, | ower n that

for the corona di scH® & %eé’eaﬁﬁﬁr ghoK¥et Rﬁéﬂct:ﬁe ERPFecES n%"r'ﬂ) (P t he
phot or ecept agomitan ctga tﬂ@q%;baeakdeworotséaaeoml@g5trt@ éhdrdes, the
u

Under Layor  SHVERE 1AAE (i ARkiEge P eenboge o bhLobRse o SR AR s
def ective patdnfdct member applied with an external voltage into contact
with the member to be charged, characterized in that any of
the following inequalities holds
(A) log (R) 2 log {Rp x (Va-Vt)/vt}
+ (a-B) x log (S/s) + y x log (i/I)
where |Va} > vt)

(B) "a + b 2 vVva x 10%/3j
where log (a) = log (R) + (B-y) x log (S/s)
- ¥ x log (3/1)
log (b) = log (Rp) + a x log (S/s)

(C) log (R) 2 log (Va x 10%/k)
+ (4-B) x log (S/s) + ¢ x log (k/I)

In the above inequalities,

Va (V): voltage applied to a contact member in
contact with the member to be charged

I (nuA): current flowing from the contact member to
the member to be charged

S (cm®): contact area of the member to be charged
and the contact member

R (R): resistance of the contact member when current
I (nd) is fed to an area corresponding to the contact area S
(cm®) of the contact member

y: current dependency of the resistance of the
contact member

1-B: area dependency of the resistance of the
contact member

s {cm?): area of a defective part of the member to

be charged
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parts and a pinhole or holes with dusty material, i.e., foreign naterlal

attaching thereto, and those provide geﬂl] fbﬂ !
cureent paths, the current concentrically flows through tho ﬂ
pat hs. Wien the contact nember comes iy contact with the defective
parts or the pinholes, the voltage applied to the contact nenber causes
current to flowto the con- ductive paths forned by the defective parts
and the foreign materials in the pinholes or the defective parts since

t he i npedance of the conductive paths is | ower

Vt (V): breakdown voltage of an underlayer

i (ua): current flowing into an area of the
underlayer corresponding to the contact area S (cm?)} when a
voltage, slightly lower than the breakdown voltage Vt (V), is
applied to that area

Rp (Q): resistance of the underlayer when the
current i (uA) flows into the an area of the underlayer
corresponding to the contact area S (cm,) when a voltage,
slightly lower than the breakdown voltage Vt (V), is applied
to that area

j (#A): current allowed to flow into an area of the
underlayer corresponding to the defective part area s (cm?)

k (MA): current allowed to flow into a defective
part of the member to be charged

l-a: area dependency of the resistance of the
underlayer .

In a case where, under the condition as mentioned
above, the member to be charged is charged or discharged and
a toner pattern is transferred from the member to be charged
to a transferred-image recording media, and a photoreceptor
drum has minute defects passed unmarked in the inspection
before the products are delivered, the underlayer will not be
destroyed since the divided voltage applied to the underlayer
is not in excess of the breakdown voltage of the underlayer.
If the photoreceptor drum has defective parts and/or
pinholes, it is possible to limit the current flowing into
the defective parts and/or pinholes to such a current value
as not to enlarge them. Therefore, the invention )
successfully prevents black or white stripes from appearing

on the resultant image, and the poor transfer.
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than that of the remaining portions of the photoreceptor

tinme,
and the photore-

cept or
exceeds a current value predetermined fo
applied to the contact nenber,

| ayer.

no di scharge phenonenon occurs

| ayer .

If the current flow ng int

or the charging nenber,

bet ween them or the co th
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the related circuit/
dr ops,
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t 3 )
JET &L
e voltage

so that no :

di scharge takes place in the gap between the charging nenber and the

phot or ecep- tor
phot or ecept or | ayer
di rection,
di scharge. The poor
devel opnent and as

| ayer.

and is in contact with the chargi ng nenber,

As a result,

only the contact area of a part of the

whi ch i ncludes the pinholes and extends in the axial
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ars as a whit
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suffers from poor
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into, the extrenely small

areas i s excessively large.

n
Eé%ﬁ??nﬁqﬁﬁﬂ;lﬁééts the charging menber in

Fig. 2 is a schematic diagram showing a method of

measuring the area dependency of resistance of the contact

member according to the present invention;

contact member resistance, measured by the

Fig. 2;

Fig. 3 is a graph showing the area

Fig. 4

dependency of
method shown in

is a schematic diagram showing a method of

measuring the current dependency of resistance of the contact

member according

contacect

contact

contact

centacet

contact

- A

2

is

[SX® R

he present invention;

member resistance:;

Fig. S
Fig. 6
member
Fig. 7
member
Fig. 8
member
Fig. 9

a

(=4

is

graph showing

resistance;

is a

graph showing

raph showing

resistance;

a

(=9

is

graph showing

member resistance:;

grapnh showing the current dependency of

the area dependency of

the current dependency of

the area dependency of

the area dependency of

Fig. 10 is a schematic diagram showing a method of

measuring resistance of a contact member according to the

present invention;

Fig.

ll(a) to 1ll(h) are cross sectional views

schematically illustrating charging members forming contact

charging devices according to the present invention;

Figs.

l12(a) to 12(d) are cross sectional views

schematically illustrating transfer members forming contact

transfer devices ac
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- these areas
mat eri al of

t he photorecep- tor layer is enlarged, possibly creating serious bﬁbb]éﬁs

in the nach
l[imt val ue

and the foreign material in and around the pinholes. The ,
s

the charging nenber is changed in quality and the,qﬁmh@

A.

i ne. To solve the problens,,the techniques to linmt the |ower

of the resistance of the charging nem ber have w dely been

used as disclosed in Published Unexam ned Japanese Patent Application Nos.

Sho. 56-132
t he techniq
10[err] to

is multilay
is larger t
Unexam ned

4-138477, a

356, Sho 58-49960 and Sho. -64-73365, for exam ple. In one of

\

T

ues, the volume resistivity of the charging nmenber is set within

10 . : ' ' the ch ' nber, which
ored suchiBnat S(RE 08 Lba(h LeASh | AOSF SPQENS BReFRyer | hor cof

khemaati cafl lyhehbRiRg héyesxs h@dq:éamn?émmﬁdanau!abi shed
%%pane%e,Patent Appl 1 cation Nos. Sho. 64-73364 and Hei
S58t pRYenkdons 126, 913, for exanpl e.
Fig. 14 is a schematic view showing an image forming

apparatus incorporating a contact charging device according
to the present invention;

Fig. 15 is a schematic view showing an image forming
apparatus incorporating a contact transfer device according
to the present invention;

Figs. 16(a) to 16(d) are diagrams showing models of
typical defects freguently found in a photoreceptor drum;

Figs. 17(a) and 17(b) are diagrams showing models of
conductive paths through which current concentrically flows
from a contact member into a defect or a pinhole formed in
the photoreceptor drum;

Pigs. 18(a) and 18(b) are a sectional view
schematically showing a contact charging device being in
contact with a photoreceptor layer marred by pinholes and a
sectional view schematically showing a method to check
whether or not the intermediate layer (or underlayer) of the
photoreceptor drum is broken down;

Fig. 19 is an equivalent circuit of a contact
charging device according to the present invention;

Figs. 20(a) and 20(b) show a graph showing the area
dependency of resistance of the charging member and a graph
showing area dependency of resistance of the intermediate
iayer of the photoreceptor drum;

Figs. 21(a) and 21(b) are graphs for explaining the
current dependency of resistance of a charging member; and

Fig. 22 is a sectional view schematically showing an
image forming apparatus incorporating a contact charging
device according to the present invention.
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5 Specifically, Published Unexam ned Japanese Patent Application No. .
Hei . 4-138477 discloses a charging nenber having such a nultilaye \-
structure that the surface | ayer exhibits an ani sotropic prﬁL§t3 1 g&%\
ductivity and has 10[err] [err] or nore ?gong the surface th

Pat. No. 5,126,913 uses a power source of such a large capaC|ty as to keep
t he power source out- put constant even if the current concentrates at the
pi nhol es. Many proposals have been made on the technique to lay an
under | ayer between the photoreceptor |ayer and the drum body. Those
proposal s discuss mainly im

The preferred embodiments of the present invention
will be described with reference to the accompanying
drawings.

The defects of a photoreceptor layer to which the
present invention is directed will be described.

The defects that would be caused in the photoreceptor
drum may be categorized into many types. A defect 75 shown
in Fig. 16(a) exists only in the surface region of a
photoreceptor layer 72 of the photoreceptor drum, not
reaching an underiayer 71. A blow hole 76 shown in Fig.

16(b) exists in the chotoreceptor layer 72. A defect 77
shown in Fig. 16(c; passes through the photoreceptor layer 72
to reach the underiaver 71. A defect, or a pinhole 78, shown
in Fig. 16(d), passes through the underlaver 71 and the
photoreceptor layer 72 and reaches a drum body (or the
conductive layer)

Most of the defects reaching the drum body 70 are
surely checked by the inspection before delivery because the
opening diameters c¢I the defects are large. The products
suffering from such defects are removed. Usually, the
products after delivered are almost free of the defects. The
defects as shown in Tigs. 16(a) to 16(c), too small to mark
in the inspection, mavy grow to be large to pass through the
underlayer during the use of it, as will be described later.

The defect ranging from the photoreceptor layer to
the underlayer, viz., a defect destroying both the
photoreceptor layer and the underlayer, will be referred to
as a "pinhole”.

When a electrophotographic process is carried out
using a photoreceptor drum in which a defect exists only in
the photoreceptor laver, toner and dusty material enter the
defect 77 of the phctoreceptor layer as shown in Fig. 16(c)
to form a conductive path 80 ranging from the surface of the
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“provenents on the adhesion of the photoreceptor layer to the conductd v A ;
| ayer or the drum the coating of the photoreceptor |ayer, an ﬂ%gﬁjz EJ@ A L :
dark/light decay charac- teristics of the photoreceptor |ayer. t e

pro- posals, Published Unexam ned Japangse Patent Appli-. cation No. Sho.

61- 179464 di scloses a technical idea in which the lower Iimt value of the
di vi ded charged potential for the underlayer (or the internediate |ayer) is
set at 1 V, in order to suppress the formation of pin- holes in the
phot oreceptor | ayer by the discharge. Also in the contact transfer

device, as in the contact.chargjng device Wwhen the current flowng into
t he pinhole§ﬂ§§5gfﬁgp OEU}Pgﬁth%| eb?%é%ﬁ%ﬁ?ﬁ?u&?#%ﬁ Y'H& el afB8 ERPEUI t,

the vol t age e athet defbett 78nsf etlie@dohd togcay diayermad ahduAaPsn SO

t hat no Qis%harg 6ta es ggacg i? the ga (g;t en‘}he Hﬁ? sfe%ﬁed-inage
record- ing h8di &54Ad t hBSFPRRsT RIMRG R C FrE&RATR & fFife contact
area of a pam(bgf).t hénphheodeceptsy dwsrersusthithny wdfedes Y(ireqgei.nhglgy and
extends_|n %g% %%k%%)?'Eegﬂigﬂengg£¥s%§J(g?[¥§g Sﬂ&?ﬁ?!?éptggelgrggsggr
nmenber is 4

is formed. The divided voltage assigned to the photoreceptor
layer 72 is small, so that the voltage applied to the
underlayer 71 is large. To extremes, the underlayer will be
destroyed.

Specifically, if the conductive path 80 is once
formed, the voltage to be shared to the photoreceptor layer
is almost applied to the underlayer in the charging,
transfer, and discharging stages. An overvoltage in excess
of the breakdown voltage acts on the underlayer.
Consequently, the underlayer will be dielectrically broken
down.

Then, current flows from the contact member applied
with voltage through this conductive path 80 into the drum
body 70. At this time, the current larger than a normal
current concentrically flows into a narrow part, or the
defective part. Joule heat is generated at this part. The
tiny defect grows into a pinhole 78 as shown in Fig. 16(d).

The Joule heat damages not only the photoreceptor
drum but also the contact member, which generates charges in
the charging and transfer steps in the electrophotcgraphic
process.

' Our study on this mechanism showed the following
facts. In order to enable the photoreceptor drum suffering
from the defects and/or pinholes, viz., to keep the
photoreceptor drum operable in a state that the stain on the
image owing to the defects and pinholes is negligible in
practical use, the following two conditions must be

satisfied: e
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changed in quality and the pinholes of the photorecep- tor |ayer are

enl arged, possibly creating serious prob- lens in the machine. The? .
i nventors of the present Patent Application, after carefully svudliing tfh A t
probl ens of those devices in connection wth the conventional techniques, .

con- firmed the followi ng facts. The conventional techni que cannot suppress
or elimnate such a phenonenon that when the contact nenber cones in
contact with the defective part and/or-the pinholes of the photoreceptor

| ayer, a current, which is in excess of a current value cal cul ated on the

basis of the_volune resistivity of the contact nenber, flows into the
def ective pakl and/dfhen the defect exists only in the photoreceptor

layer, the defect must be confined within the photoreceptor
layer. 1In other words, it should not be grown till it
reaches the underlayer.

2) Even if the defect grows into a pinhole, Joule heat
caused by the concentric current flowing into the pinhole
must be suppressed to such a degree as not to deteriorate the
photoreceptor layer and the contact member.

Where those conditions are satisfied, the tiny defect
will not grow to cause such a detrimental state as formation
of black or white stripes in the image and replacement of
parts.

The Joule heat generated in the pinhole is thermal
energy proportional in quantity to the product of the
resistance in the pinhole and the square of current, which is
allowed to flow because of presence of the conductive path
formed when toner particles and/or dusty material entering
the pinhole is made conductive and the conductive property,
although slight, of the photoreceptor layer per se.
Therefore, the sum of a resistance of the foreign material
put in the pinhole and a resistance in a partial area or
region of the photoreceptor layer, which is located near to
the pinhole becomes problematic.

In order to prevent the tiny defect of the
photoreceptor laver Irom growing into a pinhole, the current
flowing into the pinhole must be restricted. 1In handling the
réstrictive control of current, the volume resistivity of the
contact member can imperfectly describe the resistance of the
contact member. Other key factors must be taken into
consideration. One of the key factors is a resistance as
seen from the pinhole, viz., a resistance, which varies
depending on a current value and an area, of a part
contributing to generation of Joule heat in the pinhole.

R
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6 the pinholes. Accordingly, poor charging or transfer |neV|tany t akes _
pl ace over the entire contact area across the photoreceptor I \Mﬁf}tm A‘L
contact nem ber. The resultant image is poor. Further, a S|tuat|op\ghat

the current flowing into the pinholes hgats the contact menber or the

pi nhol es of the photoreceptor |ayer, thereby deteriorating the contact
menber or enlarging the pinholes, is also inevitable. SUWARY OF

THE | NVENTION  Accordingly, a first object of the present invention is to
prevent inmage quality deterioration, and damage to the contact nenber and

t he photoreceptor |ayer b anlgxﬁrcurrent flowng into the defective part
and the pi nhtft®3 I eoFe€ﬁ§rﬁﬁe§@n§5|n99%¥¢%#l¢gﬁxsiqnuan de a

novel contacrgeharging deV|ce which is free fromthe deterioration of the
;jganggquf';gg tNe H RSP E80ihe *Brln tHE defect of eng S o ¢ the
photoreceptor- layer into the photoreceptor drum, of
necessity, passes through the underlayer.. Accordingly, a
resistance in a part of the underlayer at a location
corresponding to the defect of the photoreceptor layer, viz.,
a resistance in the part of the underlayer when seen from the
defect of the photoreceptor layer, is another key factor.
This resistance will be referred to as "underlayer resistance
rq".

These resistance cannot be calculated on the basis of
only the volume resistance of.the material. The calculation
based on the ratio of (voltage acting on each layer)/{flowing
current) is right.

Let us consider the pinhole resistance Rg necessary
for satisfying the two conditions referred to above:

1) When the defect exists only in the photoreceptor
layer, the defect must be confined within the photoreceptor
layer. 1In other words, it should not be grown till it
reaches the underlayer.

2) Even if the defect grows into a pinhole, Joule heat
caused by the concentric current flowing into the pinhole
must be suppressed to such a degree as not to deteriorate the
photoreceptor layer and the contact member.

<<Condition 1>>

' A model of voltages shared by the underlayer
resistance rg (resistance of the underlayer when seen from
the defect or the pinhole) and the pinhole resistance Rq at
the defective part of the photoreceptor layer is set up.
Then, the condition to prohibit a voltage in excess of the
breakdown voltage of the underlayer from being applied to the
underlayer is obtained.
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devi ce components. A third object of the present invention is to provid
a contact charging device which is able to charge a charged \ﬁ bI&eA\_
and uniformy. A fourth object of the present invention is n¥¥

contact transfer device which is free fyomthe deterio- ratlo t he i mage
quality, the erroneous operation of the electrical system and the danmage

of the device conponents. To achi eve the above objects, there is provided

a contact charge supply device for controlling the charges, which are
supplied to a nenber to be charged by bringing a contact nenber applied

o acr o su ™ oL %08 WA Rdhaskav ! A PRRPEE I, Do
contact member to the underlayer in two routes or conductive
paths. The first conductive path is formed by the electrical
contact of the contact member and the bottom of the defect of
the photoreceptor layer through the toner particles and/or
dusty material entering the defect since those are made
conductive in the defect as stated above. The second
conductive path is the side wall of the defect.

The structure of the surface region including the
defect may be equivalently expressed by an electric circuit
as shown in Fig. 1.

In the equivalent circuit of Fig. 1, the voltage
shared to the underlayer resistance rg can be expressed by

Va x rq/(rg + Rq),
where Va indicates the voltage applied to the contact member.
The voltage shared to the underlayer is lower than the
breakdown voltage Vt of the underlayer when the following
relation holds

yvtl 2 |va] x rq/(rqgq + Rq) when |Vt) < ivaj.

0

Since Va x Vt 2
Rq 2 rg x (Va-vt)/vt e (1)

When |Vt| > |Va|, no breakdown of the underlayer takes place.
Accordingly, a current value j (pA) allowed to flow into the
defect of the photoreceptor layer is

' 1§ < jval] x 10°/(Rq + rq).

Thence, it is required that the following inequality is

satisfied.
Rq + rq 2 Va x 10%/j .. (2)

<<Condition 2>>
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REPLACENMENT SHEET : - . - {1 r} l G ,2”3& '
JAN1998 ‘ 7 [err] - In the above h- AL

i nequal ities, Va (V): voltage applied to a contact menber in contact
with the nmenber to be charged I ([erF;A): current flowng fromthe
contact nenber to the menber to be cha

ged - S (cnferr]): contact area of
the nmenber to be charged _

When the defect grows into a pinhole, the contact
member comes in electrical contact with the drum body made of
metal through the conductive path by the toner particles
and/or dusty material, as described above. 1In this case, the
resistance of ‘the conducti#e path is considerably low since
the underlayer of insulating material as described above is
not set between the photoreceptor layer and the drum body.

As in the case of the condition 1,

when |vt) > |va),
Rqg 2 Va x 10%/k, coe (3)

where Va indicates the voltage applied to the contact member,
and k (uA) is a value of the current allowed to flow into the
pinhole, viz., a maximum current value defining the upper
limit of Joule heat capable of suppressing a further growth
of the pinhole.

Here, the value of the current allowed to flow into
the defect or pinhole means the maximum current value
defining the upper limit of Joule heat capable of suppressing
a further growth of the pinhole and preventing deterioration
of the contact member.

It is difficult to actually measure the pinhole
resistance Rq and the underlayer resistance rg since the area
of the defect or pinhole and the current flowing therethrough
as well is extremely small. More adversely, it is found that
the pinhole resistance Rq is not coincident with the value
calculated by the following equation

Rg = p x L/s
where p is the volume resistance of the contact member,
thickness of the contact member is L, and the area of a
defect (or pinhole) is s.

To be more specific, we found the following facts (1)
and (2).
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and the contact nmenber R ([err]): resistance of the contact nenber

current | ([err]A) is fed to an area correspondl ng to the CORtﬁl Ga, NSA L

(cmerr]) of the contact nenber [err]: current dependency of:jt

resi stance of the contact nenber 1 -fgerr]: area dependency of the
resi stance of the contact nenber. s (cnferr]): area of a defective part
of the nmenber to be charged Vt (V): breakdown vol tage of an underl ayer

i ([err]A): current flowing into an area of the underlayer corresponding to
the contact area S (cn[err]) mhen a volt- age slightly I ower than the

br eakd | t t t :
rggﬁstgmevgf ?%2 ukai yer Oac[)%elsglcjkror aat( %{S‘?%ﬁ&f@‘?g&:%%% the an
area of theampdeoEagermaberBalsqinmhlq;IVElyuhugmnw@deere&s$5t¢niey£]) when
a voltage, glighhby;LopghLhan 40p PrARk A Yald a1t ab¥h. T 3q2pRLLE tO

that area
case, the current path expands to be larger than the

projection area of the electrode. The resistance value
actually measured is smaller than an apparent resistance
value, viz., a resistance value led from the conductive path
dimensionally coincident with the area of the electrode, by a
value corresponding to the expansion of the current
distribution. This phenomenon is called a fringe effect. 1In
other words, the resistance value simply obtained by the
current flowing from the contact member into the pinhole and
the voltage causing that current is smaller than the
resistance value of the conductive path per se, that is
formed by the foreign materials put into the pinhole.

(2) The voltage vs. current characteristic of the
material of relatively high volume resisivity is not linear
(or not ohmic) but like the nonlinear semiconductor
characteristic. When, under a voltage applied, current flows
into the pinhole thrcugh the contact member made of such a
material, the applied voltage nonlinearly varies depending on
the value of the current flowing thereinto. Accordingly, the
resistance of the contact member also varies depending on the
current flowing into the pinhole.

Accordingly, in handling the pinhole resistance Rq
and the underlayer resistance rg, the above two facts must be
considered. Otherwise, it is impossible to derive actual
conditions for preventing the deterioration of the
photoreceptor drum and the contact member.

In the description to follow, the phenomenon as the
fact (1) is referred to as "area dependency of resistance”.
The phenomenon as the fact (2) is referred to as "current

dependency of resistance”.
R

e ——
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] ([err]A):

corresponding to the defective part area a (cnferr]) k ([err] )q 1upr1nN
3 ﬂ i

current allowed to flowinto an area of the underl ayer

allowed to flowinto a defective part of the nenber to be chargeqd i}
[err]: area dependency of the resistanceg of the under- |ayer In a case

where, under the condition as nentionedl%bove,
charged or dis- charged and a toner pattern is transferred fromthe nenber

to be charged to a transferred-i mage recording

8

The "area dependency of resistance" of the contact
member means an area dependency of a resistance when, in a
state that measuring electrodes of different areas are
brought into contact with a portion where the contact member
comes in contact with the photoreceptor layer, currents are
fed to between the measuring electrodes and the electrode of
the contact member, at the same current densities.

The "area dependency of resistance” of the underlayer
means an area dependency of a resistance when, in a state
that measuring electrodes of different areas are brought into
contact with the photoreceptor drum having only the
underlayer, currents are fed to between the measuring
electrodes and the conductive layer (or drum body), at the
same current densities.

Fig. 2 is a diagram showing a method of measuring the
area dependency of resistance of the contact member according
to the present invention. In this instance of the
embodiment, an object to be measured is a contact member as a
one-layer roller.

A contact member 101 consists of a conductive base
member 102, shaped like a rod, and a conductive elastic-layer
103 layered on the base member 102. Measuring electrodes 104
to 106 with different areéas are pressed against the curved
surface of the contact member 101 by means of a pressing
means, not shown. Wires led from the measuring electrodes
104 to 106 are connected to a switch 108, which is connected
to the conductive base member 102, through a current source
109 of which the voltage can be monitored (SOURCE MEASURE
UNIT type 237, manufactured by KEITHLEY corporation, and the
current source will be referred to as a power source). The
power source 103 feeds current at a fixed current density.
The resistance values of the contact member 101 with respect
to the measuring electrodes can be measured by operating the
switch 108. It is preferable to set the measuring electrodes

This Sheet Has Been Replaced

AR

the nenber to be charged is

H

|

vt



medi a, and a photoreceptor drum has m nute defects passed unmarked in the
i nspection before the products are delivered, the underlayer w-ll not Pef i
destroyed since the divided voltage applied to the underlayer is nat it oL
excess of the breakdown voltage of the upderlayer. If the photoreceptor
drum has defective parts and/or pinholés, it is possible tolimt the
current flowing into the defective part and/or pinholes to such a current
value as not to enlarge them Therefore, the invention successfully
prevents black or white stripes fromap- pearing on the resultant inage,
SERTERTC A AP, ot e kRN e LT TN,
merber to behdinlage@ndc portaddi thjeteotf he PhestedsdmVvEdtt ithls is kh@t 2ni s a
schemnt i L A0 00R IR hP0cpl capmsu gLl e denendency of
FIG 3 is aegipandingoaireg tbelargardepemdemcyh®fend portion thereof, so
that the fringe effect can be more distinctly confirmed.

Fig. 3 is a graph showing the area dependency of
contact member resistance, thus measured by the method as
mentioned above. The abscissa represents logarithmic values
of the area of the measuring electrode, while the ordinate,
logarithmic values of the measured resistance. The measured
values, when plotted on the graph, can be connected by a
straight line inclined at -f. 1-f is defined as the area
dependency of resistance of the contact member.

The resistance of the underlayer was measured in a
similar way. The measured resistance values, when plotted,
could be connected by a straight line inclined at -a,
different from -f. 1l-a is defined as the area dependency of
resistance of the underlayer.

As a matter of course, when the resistance value is
reversely proporticnal to the area, that is, the resistance
has no area dependency, f=1 and o=1.

The current dependency of resistance of the contact
member means the current dependency of resistance when a
measuring electrode of an area, which is substantially equal
to an area S (cm°) where the contact member actually comes in
contact with the photoreceptor layer, is brought into contact
with a portion of the contact member where it is in contact
with the photoreceptor layer, and different currents are fed
to between the measuring electrode and the conductive base
member of the contact member. _

Fig. 4 is a diagram showing a method of measuring the
current dependency of resistance of the contact member
according to the present invention. 1In this instance of the
embodiment, a contact member is a one-layer roller. In the
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contact nenber resistance, neasured by the nethod shown in FIG 2; FI G
4 is a schematic di agram showi ng a nethod of measuring the currgn
dependency of resistance of the contact nmenber according to thenp ieﬁt
i nventi on; FIG 5 is a graph show ng,the current dependency Wt b

menber resistance; FIG 6 is a graph show ng the area dependency of
contact nenber resistance; FIG 7 is a graph showi ng the current
dependency of contact nenber resistance; FIG 8 is a graph show ng the
area dependency of contact nenber resistance; FI G 9 is a graph show ng
t he area dependency of contact ber resistance; |G 10 |s a schematic

di agr am showf ABS&THRRh AF LSy PP&&inaneéeo#ealeeﬂFset

accordi ng t oréberenies eiimd e ifo¥ simpl@city([err]) to 11([err]) are cross

sectional views schenat- i call I lustrati ng.chargin ers formn
cont act A contact ﬁéﬁb i% consists g% g conductive basegJ

member 102, shaped like a rod, and a conductive elastic-layer
103 layered on the base member 102. A measuring electrode
107 of an area, which is substantially equal to an area S
(cm?) where the contact member 101 actually comes in contact
‘with the photoreceptor layer, is pressed against the surface
of the contact member 101 by a pressing member, not shown. A
power source 109 is connected between the measuring electrode
107 and the conductive base member 102. While varying the
current flowing to between the measuring electrode 107 and
the conductive base member 102, a load voltage caused between
the contact member 101 and the measuring electrode 107 is
measured, whereby obtaining current values and
voltage/current ratios thus obtained. Using those values,
the current dependency of resistance of the contact member
101 is obtained. The measuring electrode 107 is preferably
shaped so that the contact member well contacts with the '
photoreceptor layer.

Fig. S is a graph showing the current dependency of
contact member resistance, measured by the method shown in
Fig. 4. The abscissa represents logarithmic values of
current, while the ordinate, logarithmic values of
resistance. Measured values were plotted on the logarithmic
graph.

. When the resistance of the contact member has a
current dependency, the measured values are connected by a
straight line inclined at -y. This value y is defined as the
current dependency of resistance. As a matter of course,
when the resistance has no current dependency, y = 0.

Description to follow is how to derive the pinhole
resistance Rq and the underlayer resistance rg and the

conditions for satisfying the formulae (1) to (3).
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char gi ng devi ces according to the present invention; FIGS. 12([err]) to

TR
are

menbers form ng contact transfer devices according to the pre i

i nventi on; 22 9 FIG 13(a) i g%b
cross sectional views sche matically show ng nenbers to be charged
according to the present invention; FIG 14 is a schematic view show ng
an imge form ing apparatus incorporating a contact chargi ng device
according to the present invention;

12([err]) are cross sectional views sche- matically iIIustratina3 Eaﬂsg%ﬁ ? {

<<!Vt} < |Va| in the case (1l)>>
~ Let us consider the pinhole resistance Rq.

In a graph of Fig. 6 showing the area dependency of
contact member resistance, S (cm?) indicates a contact area
of an actual photoreceptor layer and a contact member, and i
(rA) represents a current which flows when a voltage,
slightly lower than the breakdown voltage Vt (V), is applied
to the contact area S (cm?) of the underlayer, and the
current density i/S (uA/cm?) is constant. A resistance value
of the contact member at an area s (cm’) of the defect of the
photoreceptor layer is the pinhole resistance Rg. The

resistance Rqg can be expressed by

log (Rg) = log (Ry) + B x log (S/s) e (4)
where Ry is a resistance value of the contact member in the
area S, and -f is an inclination of the graph.

Fig. 7 is a graph showing the current dependency of
contact member resistance. As described above, in this
graph, the contact area S (cm”) of the actual photoreceptor
layer and the contact member is set at a fixed area. 1In the
graph where i (uA) is a current which flows when a voltage,
slightly lower than the breakdown voltage Vt (V), is applied
to the contact area § (cmz) of the underlayer, and i/S is a
current density i/S, a point A in Fig. 6 corresponds to a
point B in Fig. 7. The points A and B indicate a measured
area and a current value, respectively, at the same

resistance value. The following equation holds
log (R) = log (Ry) + ¥ x log (i/I1), ... (5)

where current flowing into the photoreceptor layer is I (HA)
when the voltage Va is applied to the contact member, and a
resistance value of the contact member when that current
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FIG 15 is a schematic view showi ng an i mage form ing apparatus
incorporating a contact transfer device according to the present inventjiaon; ., ,
FIGS. 16([err]) to 16([err]) are diagrams showi ng nodel s of typical|l @fbdﬁsﬁ !
frequently found in a photoreceptor drum,; FIGS 17(a) and 11{Per¥ﬁ§ are . °
di agranms showi ng nodel s of conductive pat%s t hrough whi ch current

concentri- cally flows froma contact nenber into a defect or a pinhole
formed in the photoreceptor drum FIGS. 18([err]) and 18([err]) are a
sectional view schemati- cally showing a contact charging device being in
contact with_a photoreceptor |ayer nmarred by pinholes and a sectional view
schemati cal | §1e¥ovd ficR al ‘hkt hFPATF 3R et parasionst (fheandt 65 hedivat e

| ayer (or unglgye | ayer) of the photoreceptor drumis broken down; FIG 19
is an equivalent circuit of a contact charging device according to the
present invention; 199 dRI6( o8 (R)aiidP2&( Legr [$/8how a graph showi ng the
area dependency of resistanceyok 1bg ¢hargi ng member and a, | (6)

Consider the underlayer resistance rg in the portion
of the underlayer to which the defect of the photoreceptor
layer is projected.

As in the case of the pinhole resistance Rg, assuming
that current flowing into an area of the underlayer
corresponding to the contact area S (cm?) when a voltage,
slightly lower than the breakdown voltage Vt (V), is applied
to that area is i (uA), and resistance of the underlayer when
the current i (pA) Zlows into the area is Rp (), and the
area dependency of the resistance of the underlayer is 1-a,

the underlayer resistance rg can be expressed by

log (rxqg) log (Rp) + a x log (S/s) e (T)

From the formulae (1), (6) and (7), we have

log (R) 2 log {Rp x (Va-Vt)/Vt}
+ {a-B) x log (S/s) + y x log (i/I) ... (8)

<<|Vt| > |Va| in the case (1)>>

Consider first the pinhole resistance Rqg.

Fig. 8 is a graph showing the area dependency of
c.ontact member resistance. In the graph, j (pA) indicates
current allowed to flow into the defective part area s (cm?)
of the underlayer, and a current density j/s (pA/cm?) is
constant. A resistance value of the contact member in the
area s is the pinhole resistance Rg. Assuming that a
resistance value of the contact member in the area S (cm?) is

Rz, the following equation holds
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graph show ng area dependency of resistance of the internedi ate |ayer of
t he phot oceptor drum FIGS. 21([err]) and 21([err]) are gr

expl ai ning the current dependency of resistance of a charglngfaianI
FIG 22 is a sectional view-schematicall,y showi ng an inmage f &F

apparatus incorporating a contact charg- ing device according to the

present invention. DESCRI PTI ON OF THE PREFERRED
EMBODI MENTS  The preferred enbodi nents of the present invention will be
described with reference to the acconpanyi ng draw ngs. The defects of a

s i e DR N R AR
may be categorized into nany types. A defect
Fig. 7 is a graph showing the current dependency of
contact member resistance. As described above, in this
graph, the contact area S (cm?) of the actual photoreceptor
layer and the contact member is set at a fixed area. If a
current j x S/s (uA) is fed to the area S (cm?), a point C in
Fig. 8 corresponds to a point D in Fig. 7. The points C and
D indicate a measured area and a current value, respectively,

at the same resistance value Rz. The following equation
holds

log (R) = log (Rz) + v x log {j x S/(I x s)} ... (10)

where current flowing into the photoreceptof layer is I (pA)
when the voltage Va is applied to the contact member, and a
resistance value of the centact member when that current

flows is R (Q). Rearranging the equations (9) and (10), we

have

log {Rg) = log (R) + (f-y) x log (S/s)
- v x log (3/1) vee (1)

Consider the underlayer resistance xg in the portion
of the underlayer. As described above, the underlayer

resistance rg is given by
log (rg) = log (Rp) + @ x log (S/s) e (12)

where Rp () is resistance when current j x S/s (pad) is fed
into the area S (cm’), and the area dependency of resistance
of the underlayer is l-a. From the formulae (2), (1l1) and

(12), we have

[
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10 75 shown in FIG 16(a) exists only in the surface region of a ‘
phot oreceptor | ayer 72 of the photoreceptor drum not reachifi fhﬂ N 1 M A L?
underl ayer 71. A blow hole 76 shown in FIG -16(b) exists in p,qi gl

phot oreceptor |ayer 72. A defect 77 shown in FIG 16(c) passes through the
phot orecep- tor layer 72 to reach the uﬁéerlayer 71. A defect, or a

pi nhole 78, shown in FIG 16(d), passes through the wunderlayer 71 and the
phot oreceptor |ayer 72 and reaches a drum body (or the conductive |ayer)

70. Most of the defects reaching the drum body 70 are surely checked by

t he inspection before delivery be- . cause the opening dianmeters of the
defects are large. &ie Bbrodidcts Wufiering frontlsikch defects are renoved.

log (R) + (B-y) x log (S/s)
- v x log (3j/1)
log (Rp) + a x log (S/s)

where log A

log B

<<Case (2)>>

Fig. 9 is a graph showing the area dependency of
contact member resistance. In this graph, k (pA) indicates
current allowed to flow into the pinhole part area s (cm?),
and a current density k/s (uA/cm?) is constant. A resistance
value of the contact member in the area s is the pinhole
resistance Rg. Assuming that a resistance value of the
contact member in the area S (cm’) is Rx, the following

equation holds
log {Rq) = log (Rx) + B x log (S/s) .o (19)

Fig. 7 is a graph showing the current dependency of
contact member resistance. As described above, in this
graph, the contact area S (cm?) of the actual photoreceptor
layer and the contact member is set at a fixed area. If a
current k x S/s (uA) is fed to the area S (cm’), a point F
(Fig. 7) corresponds to a point E in Fig. 9. The points E
and F indicate a measured area and a current value,
respectively, at the same resistance value Rx. The following

equation holds
log (R) = log (Rx) + ¥ x log {k x S/(I x s)} ... (15)
where current flowing into the photoreceptor layer is I (pA)

when the voltage Va is applied to the contact member, and a

resistance value of the contact member when that current
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Usual Iy, the products after delivered are alnost free of the defects. The
defects as shown in FIGS. 16(a) to 16(c), too small to mark in the .
i nspection, may growto be large to pass through the underl afje 3}P|dgf}?$l;

use of it, as will be described later. The def ect ranglngjfg Jhe
phot oreceptor | ayer to the drum body, viz a defect destroying both the
phot o- receptor |ayer and the underlayer, will be referred to as a

"pi nhol e". When a el ectrophot ographic process is carried out using a

phot oreceptor drumin which a defect exists only in the photoreceptor

| ayer, toner _and dusty mate- _rial enter the defect 77 of the photoreceptor
| ayer as shé%ﬁwﬁnlﬁlé.(@é(c)R?%F¥%ﬂ$&%ﬁcﬁﬁﬁhﬁHQ§R%?ﬁﬁlf%ﬁj eadg{1hhg ¥rom

t he surfacen@fret he photoreceptor |layer to the underlayer (FIG 17(a)). The
sane enter the defect 75 of the photoreceptor |layer as shown in FIG 16(a),
thereby form ng a conductive path 80 (FIG 17(b)). In the de- fects, even

such tiny defects (f%gfﬁﬁ@ga; gﬁgi@gytg)(piyﬁlng1qg@ R&/E)75a of the
phot or eceptor | ayer 7 - 4 x log (K/I) .. (16)

From the equations (3) and (16), we have

log (R) 2 log (Va x 10%/k) + (y-B)} x log (S/s)
+ v x log (k/I) e (17)

The graphs of Figs. & to 9 showing the area
dependency or the current dependency are valid when the
contact member and the underlayer are made of a specific
material. The same graphs are valid also when another
material is used for those members except that the
inclination and segments in the graph are different from
those in the graphs of Figs. 6 to 9.

A method of measuring resistance R () of the contact
member will be described.

The contact member is pressed against the
photoreceptor layer under actual conditions (in this case,
the contact area is § (cm?)). The photoreceptor drum is
rotated and moved under actual conditions, and the contact
member is rotated, fixed and moved under actual conditions.
The voltage Va is applied to the contact member. In a case
where the contact member is a contact transfer member,
measurement is made in state that a transferred-image
recording media, such as a recording paper, is not set
between the photoreceptor layer and the contact member.
Under this condition, a current I (pA) flowing into the
photoreceptor layer is measured.

Fig. 10 is a schematic diagram showing a method of
measuring resistance of a contact member according to the
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formed. The divided voltage assigned to the photore- ceptor layer 72 is

small, so that the voltage applied to the underlayer 71 is |large. To.
extrenes, the underlayer wll. be destroyed. Specifically, if the n | H
conductive path 80 is once forned, theg%oltage to be shared to the ﬁ'; i

phot oreceptor |ayer is al nost applied t he underlayer in the charging
trans- fer, and discharging stages. An overvoltage in excess of the
breakdown vol tage acts on the underl ayer. Conse- quently, the underl ayer
will be dielectrically broken down. -

present invention. In this instance of the embodiment, an
object to be measured is a contact member 101 as a one-layer
roller.

A metal electrode 110 is used in place of the
photoreceptor drum. The contact member 101 is pressed
against the metal electrode 110 under actual conditions. The

metal electrode 110 is rotated in the direction of an arrow W
under actual conditions. The contact member 101 is rotated,
fixed, and moved under actual conditions (in the case of Fig.
10, it rotates following the rotation of the metal electrode
110). Under this condition, a power source 109, which is
connected between the conductive base member 102 of the
contact member 101 and the metal electrode 110, is operated
to feed current I (uA) to the member-electrode circuit. A
resistance value is calculated using the voltage applied at
this time.

The resistance thus measured is defined as a
resistance R () cf the contact member.

The method of measuring the breakdown voltage Vt of
the underlayer and the resistance Rp thereof will be
described.

A test piece used was a drum body having only an
underlayer layered thereover, not having the photoreceptor
layer. The drum, serving as the base layer, was made of
conductive material, such as metal. A member of a volume
resistivity at least lower than a tenth part of that of the
uhderlayer is pressed against the test piece so as to have an
area of S (cm?). Voltage is applied between the low
resistance member and the conductive layer of the
photoreceptor drum. After the application of the voltage
continues for a preset period of time, the voltage is
increased. The voltage is measured when the underlayer is

dielectrically broken down.
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Then, current flows fromthe contiact menber applied with vol tage through
this conductive path 80 into the drumbody 70. At this tinme, th r ﬁnt
mﬁb gt] ic 1 ?

LAuhaint

| arger than a normal current concentrically flows into a narro A4
the defective part. Joule heat is gengé?ted at this part. The tithyideflec
grows into a pinhole 78 as shown in FI 16(d). The Joul e heat danmages
not only the photoreceptor drum but also the contact nenber, which
generates charges in the charging and transfer steps in the electro-
phot ogr aphi ¢ process. Qur study on this nechani sm showed the foll ow ng
facts. In order to enable the photorecegtpr drumsuffer- ing fromthe
defects and/or pi nhdie8d1ess; to FaYkeBReRheVbhot or W eptidte dHighestaisbl e in a
state that theefidivh evidie tiakﬁﬁe%amabégihothbeuﬁl@éﬁlléfeﬁﬂd PiAG8nce
negligible in practical use, the follow ng.two ?OﬂdithﬂS must be

of 'the underlayer when current™j x S/s (pA) is fed to the

area S (cm?) is Rp (Q) where j (pmA) is the current allowed to

[
S Syarc )

sati sfi ed:

flow into the area s (cm?) of the underlayer.

I1f the values of R, Rp, Va, Vt, I, i, 3, k, S, s, a,
B, and y thus obtained satisfy the formula (8), (13) or (17),
even if the photoreceptor drum is marred by pinholes,
remarkable deterioration of image quality and the damage of
the members can be prevented.

The same thing is true for a case where the member to
be charged and the contact member are supported while being
spaced with a minute gap therebetween. The reason for this
follows. Since the resistance R is the resistance measured
by the method shown in Fig. 10, the resistance R reflects a
state of the contact of the photoreceptor layer and the
contact member. In this case, the contact area S does not
exist since the member to be charged is not in contact with
the contact member. Thence, the resistance of the contact
member measured when current I (pA) is fed to the contact
member in actual use conditions in a state that the member to
be charged is substituted by the metal electrode is defined
as resistance R. In this instance, the term indicative of
the area dependency is 0 (zero). Accordingly, log (S/s) in
the formulae (8), (13) and (17) is 0.

In a case where the member to be charged has no
uﬁderlayer and the photoreceptor layer is directly layered on
the conductive layer, a defect of the photoreceptor layer, if
passing therethrough, is the pinhole. Therefore, only the
case (2) for the defective drum is valid for the
photoreceptor drum not having the underlayer. In other
words, satisfaction of the inequality (17) suffices for that

drum.

———ee
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1) When the defect exists only in the photoreceptor |ayer, the defect nust ‘
be confined within the photore- ceptor layer. In other words, it_shomlq @pt i
be growmn till it reaches the underl ayer. 2) Even if the defect grio ynta B
a pinhole, Joule heat caused by the cong ntric current flomdng-iﬁfo t
pi n- hol e nmust be suppressed to such a -dégree as not to dete- riorate the
phot oreceptor | ayer and the contact nem ber. Where those conditions are
satisfied, the tiny defect will not grow to cause such a detrinental state
as forma- tion of black or white stripes in the image and replace- nent of
arts. The Joul e hgat erated in pi.nhol e is thernal er
Broport i onal in quan yﬁq!i ltq‘?é"lﬁf’oﬁ’écltgﬁf in¥entions£QAcan; ﬁCF%PpWﬁfﬁﬁ e
and the squaferminguipgaitatydisdsdds oal |t(hwe@1b@ti~b9wO|E©§§H§Ry0§y§£&§%PPJ. of
t he conductlve at h for d when toner particles and/or dusty nmateri al
entering t heP |ﬁﬁ%$%3? & nade conductive and the conductive property,
al though slight, of Ritp. 11 shows cross sectional views schematically

a3
";..-'-‘

illustrating chargin§ members forming contact charging
devices according to the present invention. In Fig. 11, a
charging member 10 is in contact with a member to be charged
50, and like portions are designated by like reference
numerals.

In Fig. 11(a), the charging member 10 takes the form
of a roller. A conductive elastic-layer 12 is layered on a
conductive base member 11. The conductive base member 11 is
made of any of metal, alloy, carbon dispersed resin, metal
powder dispersed resin, and the like. The metal may be any
of iron, aluminum, stainless, brass and the like. The
conductive elastic-layer 12 is made mainly of a material
selected from among those materials of a material group a) to
be given later and a material selected from among those of
material groups b)-1 to b)-4.

In Fig. 11(b), the charging member 10 also takes the
form of a roller. A conductive elastic-layer 12 is layered
on a conductive base member 11. A surface layer 13 is
layered over the conductive elastic-layer 12. The conductive
base member 11 is made Qf any of metal, alloy, carbon
dispersed resin; metal powder dispersed resin, and the like.
The metal may be any of iron, aluminum, stainless, brass and
the like. The conductive elastic-layer 12 is made mainly of
a material selected from among those material of the group a)
and a material selected from among those materials of the
groups b)-1 to b)-4. The surface layer 13 is made mainly of
a material from among the those materials of material groups
c)-1 to c)-3.

In Fig. 11l{c), the charging member 10 also takes the
form of a roller. A conductive elastic-layer 12 is layered
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photoreceptor |ayer per se. Therefore, the sumof a resistance of the 3
foreign material put in the pinhole and a resistance in a pargggﬁ area, or
regi on of the photorecep- tor layer, which is |ocated near to he piphole ..

becomes probl emati c. 0 12 I'n order to
prevent the tiny defect of the photore%ep- tor layer fromgrowng into a

pi nhole, the current flow ing into the pinhole nust be restricted. In
handling the restructive control of .current, the volunme resistivity of the
contact nenber can inperfectly describe the resis- tance of the contact

menber. O her key factors nmust be
on ayéonductive base member 11. A resistive layer 14 is

layered over the conductive elastic-layer 12. The conductive
base member 11 is made of any of metal, alloy, carbon
dispersed resin, metal powder dispersed resin, and the like.
The metal may be any of iron, aluminum, stainless, brass and
the like. The conductive elastic-layer 12 is made mainly of
a material selected from among the materials group a) and a
material selected from among those of the groups b)-1 to
b)-4. The resistive layer 14 is made mainly of a material
selected from the materials of the group a), and materials
from among those the groups c)-1 to c)-3.

The conductive elastic-layer is of the solid type or
the foamed type. When it is of the foamed type, cell
diameters of cells in the base region of the layer maybe
larger than the cell diameters in the surface region. A
solid skin layer may be provided on the surface of the foamed
layer. The surface layer protects the conductive
elastic-layer, and prevents low-molecular weight
compositions, nonreactive compositions, additive, and the
like from ocozing out of the conductive elastic-layer. 1In a
case where the charging member of the roller type is used,
the peripheral speed of the photoreceptor drum may be equal
to or different form that of the roller.

The charging member 10 shown in Fig. 11(d) takes the
form of a brush roller. A brush 15 is connected or bonded
onto a conductive base member 11. The conductive base member
il is made of any of metal, alloy, carbon dispersed resin,
metal powder dispersed resin, and the like. The metal may be
any of iron, aluminum, stainless, brass and the like. The
brush 15 is made mainly of a material selected from the
materials of the group a) and materials selected from those
of the groups b)-1 to b)-4 and c)-1 to c)-3. In use, those

materials are formed into fibers.

—_—
—————
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taken into consideration.
fromthe pinhole,

One of the key factors is a resistance as seen
viz., a resistance, which varies depending on a current

value and an area, of a part contributing to generation of Joule heat in
the pinhole. This resistance wi-ll be referrgd to as "pinhole resiﬁt- e
Rg" . The current flowi ng fromthe defect the photore- ceptor:; syqr :
into the photoreceptor drum of necessity, passes through the undgrfayer. -
Accordingly, a resis- tance in a part of the underlayer at a | ocation
corre- sponding to the defect of the photoreceptor J.ayer, viz., a
resistance in the pQF? 6’?%%’6“%%@%"’&5@@ TS & FiBomlt ke ) dEpkes bhet
ph?t or egept Formay€r a decrRNethst . key AnPris Ty sonmdictiednee Bohleleonto
referred to_as

"ynder - | | st " Th ISt t
cal cul at ed BnCPRABSEELTE BASS MM Mot urid's GQnalihdye PagRemRuber | of

calcula- tigs hadedognahijieof ahdtalof alMet,agarden ddspersadhreayry)nétadw ng
1S Il

current)

phwdOh dispetsel South dehd MR 1128 LR RheRTenEY BECSSFY
of iron, aluminum, stainless, brass and the like. The brush
15 is made mainly of a material selected from the materials
of the group a) and materials selected from those of the
groups b)-1 to b}-4 and c)-1 to c¢)-3. In use, those
materials are formed into fibers.

The charging member 10 shown in Fig. 11(f) takes the
form of a blade. A conductive elastic-layer 16 is connected
or bonded onto a conductive base member 11. The conductive
base member 11 is made of any of metal, alloy, carbon
dispersed resin, metal powder dispersed resin, and the like.
The metal may be any of iron, aluminum, stainless, brass and
the like. The conductive elastic-layer 16 is made mainly of
a material selected from the materials of the group a) and
materials selected from those of the groups b)-1l to b)-4 and
c)-1 to ¢)-3. In use, those materials are relatively rigid
and shaped into a plate.

The charging member 10 shown in Fig. 11(g) takes the
form of a film. A conductive film 17 is connected or bonded
ontoc a conductive base member 1ll1. The conductive base member
11 is made of any of metal, alloy, carbon dispersed resin,
metal powder dispersed resin, and the like. The metal may be
ahy of iron, aluminum, stainless, brass and the like. The
conductive film 17 is made mainly of a material selected from
the materials of the group a) and materials selected from
those of the groups b)-1 to b)-4 and c)-1 to ¢)-3. 1In use,
those materials are flexible and shaped into a plate.

The charging member 10 shown in Fig. 11(h) takes also
the form of a film. A sheet-like means consisting of a
resistive layer 14 layered on a conductive film 18 is folded
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for satisfying the two conditions referred to above: 1) When the defect
exists only in the photoreceptor |ayer, the defect nust be confined within

t he photore- ceptor layer. In other words, it should not be grown tnllk it 3 }
reaches the underl ayer. 2) Even if th% defect grows into a pinholg,nguﬁeL
heat caused by the concentric current fl3mdng into the pin- hol € nust be
suppressed to such a degree as not to dete- riorate the photoreceptor |ayer
and the contact mem ber. : < <Condition 1> > A nodel of
vol t ages shared by the underl ayer resis- tance rq (resistance of the
under | ayer when seen fromthe defect or the pinhole) and the pinhole

resi stance RpGR Note fgeméngi secparse of The pHRbRampaf they shees-3ékeup.

voltage o T ot PR Lo B T o T St s o
y of metal, alloy,
carbon dispersed resin, metal powder dispersed resin, and the
like. The metal may be any of iron, aluminum, stainless,
brass and the like. The conductive film 18 is made mainly of
a material selected from the materials of the group a) and
materials selected from those of the groups b)-1 to b)-4 and

c)-1 to c)-3. 1In use, those materials are shaped intoc a tear

drop. The resistive layer 14 is made mainly of a material
selected from those of the group a), and a material from
among those of the groups c)-1 to c)-3.

For the charging member, it is required that its
resistance value R measured by the method shown in Fig. 10
satisfies one of the formulae (8), (13) and (17). The
structure of the charging member is not limited to those
illustrated in Figs. l1l(a) to 11(h), and the materials of it
are not limited to those materials stated referring to those
figures. The voltage applied to the charging member may be
DC voltage (DC current) or voltage formed by superposing AC

voltage on DC voltage.
The study by the inventors showed that when the DC

voltage is applied to the charging member, a correlation
exists among the resistance value R of the charging member
that is measured by the method shown in Fig. 10, the applied
voltage Va, and the charged potential Vs of the member to be
charged. More specifically, when the resistance R of the
charging member is approximately 5 x 10’ (Q) or more, the
voltage Va to gain Vs = -600 (V) is Va < -1.17 (kV).
Further, when the resistance R increases, the absolute value
of the voltage Va exponentially increases. If the voltage Va
to gain Vs = -600 (V) is Va 2 -2.0 (kV), R < 3 x 10% (Q).
Therefore, the resistance R of the charging member must be 3
x 10° (Q), preferably 5 x 10’ (Q) or less.
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13 It can be considered that current flows fromthe contact nenber to
the underlayer in two routes or conductive paths. The first canguci rvq th'
is formed by the electrical contact of the contact nenber and; éi t

t he defect of the photoreceptor |ayer thg?ugh the toner parti

dusty material entering the defect since’those are nade conductive |n the
defect as stated above. The second conductive path is the side wall of the
def ect. The structure of the surface region including the defect may be
equi val ently. expressed by an electric <circuit as shown in FIG 1.

The application of the invention for a transfer
member of the contact transfer device will be described
referring to Fig. 12. 1In the figure, a transfer member 20 is
in contact with a member to be charged 50, and like portions
are designated by like reference numerals.

In the transfer member 20 shown in Fig. 12(a), which
takes the form of a roller, a conductive elastic-layer 22 is
layered on a conductive base member 21. The conductive base
member 21 is made of any of metal, alloy, carbon dispersed
resin, metal powder dispersed resin, and the like. The metal
may be any of iron, aluminum, stainless, brass and the like.
The conductive elastic-layer 22 is made mainly of a material
selected from among those materials of the material group a)
and a material selected from among those of the material
groups b)-1 to b)-4

In the transfer member 20 shown in Fig. 12(b), which
also takes the form of a roller, a conductive elastic-layer
22 is layered on a conductive base member 21. A surface
layer 23 is further layered on the conductive elaétic—layer
22. The conductive base member 21 is made of any of metal,
alloy, carbon dispersed resin, metal powder dispersed resin,
and the like. The metal may be any of iron, aluminum,
stainless, brass and the like. The conductive elastic-layer
22 is made mainly of a material selected from among those
materials of the material group a) and a material selected
from among those of the material groups b)-1 to b)-4. The
surface layer 23 is made of a material selected from those
materials in the groups c)-1 to c)-3.

In the transfer member 20 shown in Fig. 12(c), which
also takes the form of a roller, a conductive elastic-layer
22 is layered on a conductive base member 21. A resistive
layer 24 is further layered on the conductive elastic-layer
22. The conductive base member 21 is made of any of metal,
alloy, carbon dispersed resin, metal powder dispersed resin,
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In the equivalent circuit of FIG 1, the voltage shared to the underlayer '
resi stance rq can be expressed by VaXrg/ (rg+Rq). where Va |nd|9ate$‘ i
the voltage applied to the contact nenber. The voltage shared tg‘bhq ? jg;ﬁ L
under | ayer is |lower than the breakdown vo%}age Vt of the underlv%éﬁ Ye%rg;a
e

Jpypes

-

the followng relation holds [err] Since [err], [err]

| Va|, no breakdown of the underlayer takes place. Accordingly, a current
value j ([err]A) al- lowed to flow into the defect of the photoreceptor

| ayer is

and the like. The metal may be any of iron, aluminum,
stainless, brass and the like. The conductive elastic-layer
22 is made mainly of a material selected from among those
materials of the material group a) and a material selected
from among those of the groups b)-1 to b)-4. The resistive
layer 24 is made mainly of a material selected from among
those materials of the material group a) and a material
selected from those materials in the groups c)-1 to c)-3.

In the transfer member 20 shown in Fig. 12(d), which
takes the form of a brush roller, a brush 25 is connected or
bonded to a conductive base member 21. The conductive base
member 21 is made of any of metal, alloy, carbon dispersed
resin, metal powder dispersed resin, and the like. The metal
may be any of iron, aluminum, stainless, brass and the like.
The brush 25 is made mainly of a material selected from among
those materials of the material group a), a material selected
from among those of the groups b)-1 to b)-4, and a material
selected from those materials in the groups c)-1 to c)-3.

For the transfer member, it is required that its
resistance value R measured by the method shown in Fig. 10
satisfies one of the formulae (8), (13) and (17). The
structure of the charging member is not limited to those
illustrated in Figs. 12(a) to 12(d), and the materials of it
are not limited to those materials stated referring to those

figures.

<MATERIAL GROUPS>
a) Carbon black (e.g., furnace black and acetylene
black), metal oxide powder (e.g., ITO powder and SnO,
powder), metal, alloy powder (e.g., Ag powder and Al powder),
salt (e.g., quaternary ammonium salt and perchlorate),
conductive resin (e.g., polyacetylene and polypyrole).

b)-1 Natural rubber.
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[err] Thence, it is required that the following inequality is satisfied.

< <Condition 2> > When the defect grows into a pinhole, the contact

menber comes in electrical contact with the drum body nmade of netal through,
the conductive path by the toner partigkes and/or dusty material; as® i A i
descri bed above. In S S
REPLACEMENT SHEET

b)-2 Any or blend of the following synthetic rubber:
silicone rubber, fluorine rubber, phlorosilicone rubber,
urethane rubber, acrylic rubber, hydron rubber, butadiene
rubber, styrene butadiene rubber, nitrile butadiene rubber,
isoprene rubber, chloropyrene rubber, isobutylene-isoprene
rubber, ethylene-propylene rubber, chlorosulfonated
polyethylene rubber, thiokol, and the like.
b)-3 Elastomeric material containing styrol resin, vinyl
chloride, polyurethane resin, polyethylene, methacrylate
resin, or the like.
b)-4 Soft rubber, such as polyurethane foam, polystyrene
foam, polyethylene foam, elastomeric foam, rubber foam, and
the like.
c)-1 Any, copolymer, or mixture of the following
thermoplastic resin: acrylic resin, such as polyacrylate and
polymethacrylate, styrene resin such as polystyrene and
poly-1- methylstyrene, butyral resin, polyvinyl chloride,
polyvinyl fluoride, polyvinylidene fluoride, polyester resin,
polycarbonate resin, cellulose resin, polyarylic resin,
polyethylene resin, nylon resin.
c)-2 Any, copolymer, or mixture of the following
water-soluble resin: polyvinyl alcohol, polyallyl alcohol,
polyvinyl pyrrolidine, polyvinyl amine, polyacrylic amine,
polyvinyl acrylic acid, polyvinyl methacrylic acid, polyvinyl
sulfuric acid, poly-lactic acid, casein, hydroxyl propyl
cellulose, starch, gum arabic, polyglutamine acid,
pblyaspartic acid, nylon resin, and the like.
c)-3 Thermosetting resin, such as epoxy resin, silicone
resin, urethane resin, melamine resin, alkyd resin, polyimide
resin, polyamide resin, fluoroplastics, or the like.

Fig. 13 schematically shows cross sectional views of
member to be charged according to the present invention.

A member to be charged 50 shown in Fig. 13(a) has a

three-layer structure consisting of a conductive base member
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14 this case, the resistance of the conductive path is consid- erably | ow
since the underlayer of insulating material as described above is not set
bet ween the photoreceptor |ayer and the drum body. As in the case of the
condition 1, when |V| > |Va|, [errke where Va indicates the voltage :
applied to the contact menber, and k ([efr]A) is a value of the Currént ~- |
allowed to flow into the pinhole, viz, a maxi mumcurrent val ue defining the ~
upper limt of Joule heat capable of sup- pressing a further growh of the
pi nhol e. Here, the value of the current allowed to flow into the defect

Oh P hest ot WpIRIU 8407 bt A e e L

preventi ng getctdrecaptonr déyébe chmemberetddre chdrdgeds Sdi fshioenl int Pig.

actual ly WE%EHES %@% gigggLfa§ggi§£ructure in which a dielectric layer
53 is directly layered on the surface of a conductive base
member 51, not using the underlayer 52 to be interlayered
therebetween. The present inventicn is applicable for a
variety of member to be charged. The conductive base member
51 is made of any of metal, alloy, carbon dispersed resin,
metal powder dispersed resin, and the like. The metal may be
any of iron, aluminum, stainless, brass and the like.

The underlayer 52 may be a metal oxide film made of
any of anodized aluminum (Al,0;), silicon oxide, boehmite
AlQO(OH), silicon nitride, silicon carbide, and the like, or
mainly of a material selected from among those materials of
the group a), and a material selected from among those of the
groups c)-1 to c)-3.

The dielectric layer 53 is a photoreceptor layer
containing an organic or inorganic photoconductive material
or made of a material exhibiting electrical insulation
property, which is selected from those materials of the
groups c)-1 to c)-3. One photoreceptor layer consists of two
layers, a charge generating layer (CGL) and a charge transfer
layer (CTL). It is of a called function separation type.
Another photoreceptor layer consists of a single layer in
which a charge generating material {CGM) and a charge
transfer material (CTM) are dispersed and compatibilized
therein. A protecting layer, if necessary, is layered
thereover.

It is evident that the structure of the member to be
charged is not limited to the structures illustrated in Fig.
13, and the materials constituting the member to be charged

are not limited to those referred to above.
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tance Rg and the'underlayer resi stance rq since the area of the defect or

pi nhole and the current flowi ng there- through as well is extrenely small
More adversely, it is found that the pinhole resistance Rq is not _ .= ., {
coincident with the value cal culated by t foll owi ng equation™ ' Lérrlg
Where p is the volune resistance of the contact nenber thickness of the’ -
contact nenber is L, and the area of a defect (or pinhole) is s. To be
nore specific, we found the following facts (1) and (2). (1) An el ectrode

is formed at an extrenely snmall area of a material of relatively high
vol ume resistivity. Cur- rentﬁis_concentrically fed intqg the small area. In

this case, the curr&ft 1PagR EQPRRE IRPIRATUF JCIIRAF AHEG P FOBERGR ar ea
of the el ectdledinghdeeseshansed Vg Uto aglidlaptesdrtnsiiwshtivrsmallllebet han an

appar ent re%gﬁg§l§%dgalue, viz., a resistance value |l ed fromthe conductive

An image forming apparatus schematically shown in
Fig. 14 uses a charging member as shown in Fig. 11(a) and a
member to be charged as shown in Fig. 13(a). In this
embodiment, the charging member is constructed so that its
resistance R measured by the method shown in Fig. 10
satisfies any of the formulae (8), (13) and (17).

A member to be charged 50 consists of a grounded,
tubular conductive base member 51, an underlayer 52 layered
thereon, and a dielectric layer 53 as a photoreceptor layer
layered on the underlayer 52. 1In response to an image
formation start signal, the member to be charged 50 starts to
rotate at a preset speed in the direction of an arrow W under
drive of a drive means, not shown. At this time, a roller 12
of a contact charging device 30 turns following the rotation
of the member to be charged 50. During the rotation of those
ccmponents, a spark takes place in a gap, which is
continuously formed therebetween, thereby charging the
surface of the member to be charged 50 to a predetermined
potential (e.g., -600 (V)).

In the contact charging device 30, a power source 60
applies a voltage to the conductive base member 11 of the
charging member 10, and a pressing means 61 presses the
roller 12 against the member to be charged 50.

' The voltage applied to conductive base member 11 to
charge the member to be charged 50 to a predetermined
potential may be DC voltage (DC current) or voltage formed by
superposing AC voltage on DC voltage. The charging polarity
is determined in accordance with the characteristics of the
used photoreceptor layer.

Light 31 emitted from a latent image forming means,

not shown, forms a latent image, which corresponds to an
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path di mensionally coincident with the area of the elec- trode, by a value
corresponding to the expansion of the current distribution. This phenonmenon:
is called a fringe effect. In other words, the resistance value sinply ob: ..
tained by the current flowing fromthg contact nenber into the pinhole and
t he vol tage causing that current is _
REPLACEMENT SHEET smal l er than the resistance val ue of the conductive
path per se, that is formed by the foreign materials put into the pinhole.
(2) The voltage vs. current characteristic of the mate- rial of relatively
hi gh voluneikgagsgxlgx égiéfgaildgﬁﬂhe(gl on the member to be charged
50. Toner supplied from a developing means 32 is
electrically attracted onto the latent image on the member to
be charged 50, so that the latent image is transformed into a
toner image. The toner image on the member to be charged 50
is transferred onto a transferred-image recording media 33
moving in the direction of an arrow by means of a transfer
means 34. The transferred image is fuzed and fixed on the
transferred-image recording media 33 by a fixing means, not
shown.
Toner left on the member to be charged 50 after the
transfer step is removed by a cleaning means 35, and if
necessary, is exposed to discharging light 36 emitted from a
light source, not shown, for ensuring removal of residual
charge. Afterwards, the member to be charged 50 is charged
again to a predetermined potential by the contact charging
device 30 in preparation for the subseguent
electrophotographic process.
The latent image forming means may be constructed by
a known means, such as a laser optical system, LED and LCS.
The developing means 32 may be any of a two-component
magnetic brush developing means, a one-component magnetic
brush developing means, a one-component jumping developing
means, a one-component press-contact developing means, and
the like. The toner as develper is particles of 5 to 20
(um), made of bonding resin, such as polyester resin and
sfyrene acrylic resin, in which coloring material is
dispersed. If necessary, surface active agent (dispersion
agent), charge control agent, offset resistance agent,
filler, fluidity improving agent is externally or internally
added to the bonding resin containing coloring agent
dispersed therein. The surface active agent is metal soap,
polyethylene glycol, or the like. The charge control agent
is electron acceptable organic complex, chlorinated
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not ohmc) but |ike the nonlinear sem conductor char- acteristic. Wen,
under a voltage applied, current flows into the pinhole through the contact
menber made of such a material, the applied voltage nonlinearly varles_ .
dependi ng on the value of the current_flowi ng there- into. Actordingly,- 't het
resi stance of the contact menber al so3¥aries depending on the current . .
flowing into the pinhole. Accordingly, in handling the pinhole resistance
Rg and the underl ayer resistance rq, the above two facts nust be
considered. Gtherwise it is inposible to derive actual conditions for
preventing the deterioration of the photoreceptor drum and the contact
menber . | npe hgestescy impittxmhurnd cf ecliidw, quhtephenpnamoonam tswlf act (1) is
referred to ! e dency,.of S Ncex: o] t.he
fact (2) is %§¥€} 5£§§:% rF%n% gépen é%cégg?ereg?s?anég? Abeﬁ¥ Y4 ea
dependency afor estaiplee’ pod.fyprlwevd:enéact Thenbeéllerabns, afmareeamtdme,ndency of

a resistance yfien. 4k &8¢y 1AbrBGERY" LG9nt! £61 50455 Kb, I &L SLRDt
like. The toner is uniformly mixed and dispersed within the
developing unit, and charged to a predetermined potential.
Within the developing unit, it may be mixed with carriers.
In the reversal development, the charge polarity of toner is
negative in a state that the charge polarity of the member to
be charged 50 is negative.

The transfer means 34 may be means for
electrostatically transferring the toner image, such as a
corona charging means or a contact transfer device. The
cleaning means 35 may be a blade cleaning means or a fur
brush cleaning means. An LED lamp may be used for the
discharging light 36. The discharging light 36 is not
essential to the image formation.

In this way, an image is formed on the
transferred-image reccrding media 33.

The resistance value R of the charging member used in
this embodiment, which is measured by the method of Fig. 10,
satisfies the formula (8), (13) or (17). Therefore, the
image formed is free from the black stripes and deterioration
of the charging member. High quality images can be reliably
preduced.

An image forming apparatus incorporating a contact
transfer device acccrding to the present invention will be
described.

An image forming apparatus schematically shown in
Fig. 15 uses a transfer member as shown in Fig. 12(a) and a
charged member as shown in Fig. 13(a). In this embodiment,
the transfer member is constructed so that its resistance R
measured by the method shown in Fig. 10 satisfies any of the
formulae (8), (13) and (17y.
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areas are brought into contact with a portion where the contact nenber
cones in contact with the photorecep- tor layer, currents are fed to
between the neasuring el ectrodes and the el ectrode of the contact memberyt * @

at the sane current densities. The "area dependency of resisfance"-of the

- under- | ayer neans an area dependenc?oof a resistance when, in‘a state that

nmeasuring el ectrodes of different areas are brought into contact wth the
phot or ecept or drum hav--ing only the underlayer, currents are fed to

bet ween the neasuring el ectrodes and the conductive |ayer (or drum body),
at the sane current densitiges. FIG 2 is a diagram show ng a nmethod of
measuring the area demambercyoober eBasgadctlofonsibstombiot groundssl,

obj oot 10 be SRikir g I Ve ball noflsk?! 81, 26k Mfeblayel FLPER o
contact nenberensan cangd ¢t sieflegtrdadliayeveShase aepheroneceptimpeyds ke a
R/ggéu?{]ﬁga CRARIR o HStunter8Y8E 393 | BNCEECHONsL N RAP S iiRpEPer 102
formation start signal, the member to be charged 50 starts to
rotate at a preset speed in the direction of an arrow W under
drive of a drive means, not shown. The surface of the member
to be charged 50 is charged to a predetermined potential by
means of a charging means 37. Light 31 emitted from a latent
image forming means, not shown, forms a latent image, which
corresponds to an image on an original document, on the
member to be charged 50. Toner supplied from a developing
means 32 develops the latent image on the member to be
charged 50 into a tcner image. The toner image on the member
to be charged 50 is transferred onto a transferred-image
recording media 33 moving in the direction of an arrow by
means of a contact transfer device 40. The transferred image
is fuzed and fixed on the transferred-image recording media
33 by a fixing means, not shown. '

In the contact transfer device 40, a voltage opposite
in polarity to the charge polarity of the toner, is applied
from a power source 52 to the conductive base member 21. A
pressing means 63 presses a conductive elastic-layer 22
against the member to be charged 50. The transfer member 20
rotates with the rotation of the member to be charged 50.

Toner left on the member to be charged 50 after the
ﬂransfer step is removed by a cleaning means 35, and if
necessary, is exposed to discharging light 36 emitted from a
light sourde, not shown, for ensuring a removal of residual
charge. Afterwards, the member to be charged 50 is charged
again to a predetermined potential by the charging means 37
in preparation for the subsequent electrophotographic

process.
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el ectrodes 104 to 106 with different areas are pressed agai nst the curved

surface of the contact nember 101 by neans of a pressing neans, not shownq )

Wres led fromthe neasuring el ectrodes 104 to 106 are connected to'a ;
switch 108, which is connected to the ,gonductive base nmenber 102,,thr5u

a current source 109 of whi ch the voltage can be nonitored (SOURCE MEA-
SURE UNIT type 237, manufactured by KEI THLEY corporation, and the current
source will be referred to as a power source). The power source 109 feeds
current '

The charging means may be a corona charging means or
a contact charging device.

During a period of time till the toner image on the
member to be charged 50 reaches a transfer position, the
transfer member may be cleaned by changing the power source
to another by means of a switch, not shown. In this case,
the polarity of the cleaning voltage is the same as the
charge polarity of the toner.

The transfer member 20 may be forcibly rotated by
means of a gear mechanism, not the rotation of the member to
be charged 50.

In this way, an image is formed on the
transferred-image recording media 33.

The resistance value R of the transfer member used in
this embodiment, which is measured by the method of Fig. 10,
satisfies the formula (8), (13) or (17). Therefore, the
image formed is free from the black stripes and deterioration
of the transfer member. High quality images can be reliably
produced.

Specific examples of the present invention will be

described in detail.

<EXAMPLE 1>

A charging member of a contact charging device was
members A to G of 22.5 (cm) in effective length, which are
listed below. The member to be chargeds were each a tubular
member to be charged of 3 (cm¢) consisting of a tubular
conductive base member of aluminum, an anodized-aluminum
underlayer of 8 (pm) thick, and a dielectric layer as a
photoreceptor layer of 20 (um) thick of the function
separation/negative charging type.
A) Member A

The member A is a roller with a conductive elastic

layer of an urethane foam with carbon black internally added
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at a fixed current density. The resistance values of the contact nenber .
101 with respect to the neasuring el ec- trodes can be neasured: by - A
operating the switch 108. It is preferable to set the measuring

el ectrodes 104 to 106 on a central p@rtion of the contact nmenber rather

t han an end portion thereof. The reason for this is that in the central

portion of the contact nenber, the current ex- pandi ng area is | arger
than in the end portion thereof, so that the fringe effect can be nore
di stinctly confirned. FIG 3 is a graph showi ng the area dependency of

contact menbgy st asur t nent.ione
above. The agSC|§§% r2§§§§§ﬁp%&'q? igeggﬁ%¥g §§|ug§E ?%%l%§¥%%5ﬁ Yhe
measuri ng el B@- (QcﬂﬂodaskahlCehahénasﬁlmﬁulﬂ u%myuaelmndlamHUeesodfzobe
measur ed resj nc The sur al , when pl ot - ted on the graph,
can be conne@@%g}téh%iéhﬁégﬁ%ﬁ: ﬁgné (Hﬁﬁélined at -[err]. 1 -[err] is
defined as the Maebale@endency of resistance of the contact menber. The
resistance of the ue\ﬁ%:]lm% 8S ; JBgSUL S LN AR 4 L i vel 13 JTRASHT ed

resi stance val ues,
layer of an open-cell type urethane foam with carbon black

internally added thereto. The roller is specified by volume
resistivity of 10%® {Qcm), Asker C hardness of 26 (°), cell
diameter of 10 (um) by the bubble point method, and thickness
of 5 (mm).

C) Member C

The member C is a roller with a conductive elastic

layer of an urethane rubber with perchlorate internally added
thereto. The roller is specified by volume resistivity of 9
x 10%° (Qem), Asker C hardness of 60 (°), and thickness of 5
(mm) .

D) Member D

The member D is a roller with a conductive elastic

layer of a silicon fcam with carbon black internally added
thereto (volume resistivity : 10° (Rcm)). A nylon heat
shrinkage tube with perchlorate internally added thereto
(volume resistivity : 5 x 10° {Qcm) and thickness : S50 (um))
is fit to the roller with the conductive elastic layer
layered thereon (Asker C hardness of 60 (°), and thickness of
5 (mm).

E) Member E

The member E is a roller with a conductive elastic
layer of a silicon foam with carbon black added thereto
(volume resistivity : 10° (Qcm)). A nylon heat shrinkage
tube with carbon black internally added thereto (volume
resistivity : 5 x 10 (Qcm)) is fit to the roller with the
conductive elastic layer layered thereon (Asker C hardness of
60 (°), and thickness of S5 (mm).
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pl otted, could be connect ed by a straight line inclined at -[err] di f f er ent E
from-Jerr]. 1- [err] is defined as the area dependency of resistance of .

t he underl ayer. As a matter of course, when the resistance vaiue-s B
reversely proportional to the area, td3at is, the resistance has no area
dependency, [err] =1 and [err] =1. The current dependency of resistance

of the contact nenber neans the current dependency of resistance when a
mesuring el ectrode of an area, which is sub- stantially equal to an area S
(cmerr]) where the contact nenber actually comes in contact with the

phot orecep- tor layer, is brought into contact with a portion of the
cont act nenb%l—#%ﬁ&éﬁﬁ%gis In contact wwth the photore- ceptor |ayer, and
different currents amf fRGwbed Petiwe@Ndeck brush using regenerated
cellulosic fibers with carbon black internally added thereto
(600 (D)/100 (F), 100000 (F/inch?), volume resisti&ity : 108
(Qcm), brush length : 5 (mm), and brush width : 8 (mm)).
G) Member G
The member G is a polyethylene film (volume
resistivity : 10° (Qcm) and thickness : 40 (pm)), folded in

two (as shown in Fig. 11(h)) and backed with an aluminum
layer, which contains carbon black internally added thereto.

To measure the volume resistivity, an object to be
measured was cut out into a block or sheet as a test piece,
and was measured by a high resistivity measuring meter (for
example, HIRESTA IP? {(manufactured by Mitsubishi Yuka Co.,
Ltd.) in a state that 100 V is applied to the test piece for
one minute. The measurement was carried out in the NN
environment (20 (°C ) and 50 (%RH)). Otherwise noticed, the
subsequent measurements will be carried out in the NN
environment.

Defects were was intentionally formed in members to
be charged. Each of the defect marred members to be charged
and each of the members A to G were set to the image forming
apparatus shown in Fig. 14. Actually, images were formed and
states of images were inspected. Every time the member was
replaced with another, the member to be charged was replaced
with a new one.

‘ Defects of approximately 0.3 (mm¢) or more can be
inspected visually. Accordingly, the members to be charged
suffering from such large defects can be removed before used.
Keeping this in mind, the size of the defect to be formed in
the member to be charged was set to 0.3 (mmd) (area was set
at 7 x 10 (cm?)) as the critical size by the visual
inspection. Two types of defects were formed: cne is a
called éinhole {defect of the type passing through the
I
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17 t he neasuring el ectrode and the conductive base nem ber of the -
contact nenber. FIG 4 is a diagram show ng a net hod of neasur;ng-athex i
current dependency of resistance of the contact menber according'to the
present invention. In this instance of4the enbodi ment, a contact nenber is

a one- layer roller. In the subsequent drawi ngs, |like portions are
designated by |like reference nunerals, for sinplic- ity. A cont act
menber 101 consists of a conductive base nenber 102, shaped |ike a rod,
and a conductive elastic- layer 103 |ayered on the base nenber 102 A
measuring elmddrDeeed s Gfe1an 23" *8e WRbES t |

area S (cnferr] ere the contact neﬁg 58§ gHQE ??%éptd%gg co %ﬁn

with the photdr &5t |ofy dhe |t§’Pepfjé§§§lYa§§| PRlytthe sphdmmea]a‘pﬁdze
contact menmbEfye®l not reaching the underlayer).

Before an experiment is conducted, each charging
member was set to the image forming apparatus shown in Fig.
14. Voltage Va and current I, necessary for charging a
member to be charged to -600 (V), were measured. The
peripheral speed of the member to be charged was 3 (cm/sec).
The results of the measurement were Va = -1.16 (kV) and I =
-6 (unA).

The resistance R of the member was measured by the
resistance measuring method shown in Fig. 10. The current
fed was -6 (pA), and the metal electrode 110 was a tubular
electrcde of 3 {(cmo) in diameter and rotated at the
peripheral speed of 3 (cm/sec). For the members A to E, the
load of 1 (kg) was applied to the member to press it against
the metal electrocde 110. For the members F and G, a space of
3 (mm) was kept between the conductive base member and the
metal electrode. The results are shown in Table 1. |

Va = -1.16 (kV) and the restricted current value of
the power source was -20 (uA). The experiment results are
also shown in Table 1.
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by a pressing nenber; not shown. A power source 109 is connected between
t he measuring el ectrode 107 and the conductive base nmenmber 102. Wile -
varying the current flowi ng to between the neasuring el ectrode 107 ~andy * i
the conductive base nenber 102, a loagsvoltage caused between'tRe:contact
menber 101 and the nea- suring el ectrode 107 is measured, whereby current

val - ues and voltage/current ratios are obtained. Using those val ues, the
current dependency of resistance of the contact nmenber 101 is obtained.

The neasuring elec- trode 107 is preferably shaped so that the contact

mem ber well contacts with the photo&ggﬁgtgr layer. FIG 5 is a graph
showi ng the current dependency of conta nenber resistance, neasured by

the nethod sh N € afjScrssa repres ues of
current, while |t Remhen dat eR : _ BG&s of nesi stBimdwle Measlir ed
el T T o T
connect ed B 3 x 107 | Black stripe Black stripe

C 5 x 10° | Black dot Black dot

D 2 x 107 | Black dot Black dot

E 1 x 107 | Black stripe Black stripe

F 6 x 10° | Black dot Black dot

G 6 x 10° | Black dot Black dot

As seen from Table 1, states (black stripes or black
dots) of images formed by using the photoreceptor layers
marred by defects and pinholes have no connection with the
resistance values R of the members. In the case of the
images containing only black dots, it can be considered that
a measure has been taken to solve the pinhole problems.

From this, it is seen that the conventional measure
of increasing the resistance of the member or the volume
resistivity of the member, and the measure of constructing
the member in the multilayered structure fail to solve the
pinhole problems.

To confirm the effects of the invention, the
following measurements were conducted. A test piece was
constructed in which only an underlayer of an anodized
aluminum layer of 8 (um) thick was formed on a tubular
conductive base member of aluminum. A breakdown voltage Vt
of the underlayer and a resistance value Rp of the underlayer
were measured. An area S of an electrode brought into
contact with the surface of the underlayer was 6.57'(cm:)
(corresponding to the nip width 3 (mm)). The measurement
results were: Vt (breakdown voltage) = -300 V and Rp
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by a straight line inclined at -[err]. This value y is defined as the
current dependency of resistance. As a matter of course, when .the-. w
resi stance has no current dependency, [err]=0 Description to follow %SL
how t o derive the pinhole resistance £#q and the under | ayer resistance ’
and the conditions for satisfying the fornulae (1) to (3)

18 [err] Let us consider the pinhole resistance Rq.

b}

B
—

(resistance) = 2 x 10° (Q). Accordingly, i = -300/(2 x 10%)
= -150 x 10°® = -150 (ua).

The area dependency of resistance of the underlayer
was measured. The electrode area was set in four levels:
6.75 (cm?), 1 (cm?), 0.5 (cm?), and 0.1 (cm?). The current
density was {-300/(2 x 10°)}/6.75 = -22.2 x 10™® = -22.2
(uWA/cm?). Measured values, as shown in Fig. 3, were plotted
on a graph of which the abscissa represents a logarithmic i
value of the area and the ordinate, a logarithmic value of
resistance. Connection of the measured values formed a
straight line inclined at -1. Therefore, a = 1.

Then, a pinhole of 0.3 (mmd¢) was formed in a member
to be charged. A tolerable current value within which no
further enlargement of the pinhole or no further
deterioration of the member progresses, was measured.

The current was gradually increased while observing
states of the pinhole and the member. The current at which
the pinhole starts to grow or the current at which the
deterioration of the member starts was measured. The member
used was the member A. A constant current was fed for 30
minutes. As a result, no enlargement of the pinhole and no
deterioration of the member were observed till the current is
increased up to -3 (pdA). Accordingly, k = -3(uA).

Since the breakdown voltage Vt of the underlayer is
-300 (V), iVt]} £ |Va;. To take a measure for the pinhole
problem, either of the formula (8) or (17) must be satisfied.
Tﬁ take a measure to prevent the underlayer from being broken
down, the current flowing into the area s (cm?) of the
underlayer is }-22.2 x 7 x 107*} = }-0.02 (nA)} < |-3 (umA)}.
This current cannot enlarge the defect of the photoreceptor
layer.

The area dependency l1-f and the current dependency vy
of the';esistance of the members A to G were measured.
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In a graph of FIG 6 showi ng the area dependency of contact m:;nhet; ~ ronton o
resistance, S (cnferr]) indicates a contact area of an actual': photoreceptérﬁ
| ayer and a contact nenber, and i ([err]A) represents a current which fl'ows ~
when a voltage, slightly |Iower than tk2 breakdown voltage Vt (V), is
applied to the contact area S (cniferr]) of the underlayer, and the current
density i/S ([err]Acnferr]) is constant. A resistance value of the
contact nenber at an area s (cnferr]) of the defect of the photoreceptor

| ayer is the pinhole resistance Rq. The resistance Rq can be expressed by

l'og (Rq)=log (Ry)+[ ey Inéalseing/ the area defaéﬂdeff@fr@f Ryhd SnehbdelSi St ance
val ue of the contact nmenber in"the area S, %err is an inclination of

the graph. T¥iigtangey the &&ﬁ%ﬁ@ﬁﬁn@rFﬂewéﬁr?% t iefeweckR¥RlF: Gorfibact
menber resi s{a#fge. 1 /(\emd)esqyléoq%apovgndlm Ih(ém r(’?llf)*i‘het BEreent 3§ né’i@i‘ et
|

(cnmerr]) of the actual hotore- ceptor er t he contact ne

at a fixed aram.sefin ﬁé’ogrléb'ﬁlﬁheré \3@Pé( ]A)ms) Y bod5r ent-28hR2ck 108w
-22.2 (uA/cm?)] and {-3 x 10%/7 x 10™) = -4.3 x 107 [-4.3
(mA/cmz)]. For the respective current densities, measured
values were plotted on a graph of which the abscissa
represents a logarithmic value of the area and the ordinate
represents a logarithmic value of resistance, as shown in
Fig. 3. An inclination of a straight line formed by
connecting the measured values, and hence (3 were obtained.

In measuring the current dependency of the member
resistance, the electrode area was set at 6.75 (cm°), and the
current density was set in four levels: -0.1 (pA), -1 (uA),
-6 (uwA), and -100 (nA). The measured values were plotted on
a graph of which the abscissa represents a logarithmic value
of the current and the ordinate represents a logarithmic
value of resistance, as shown in Fig. 5. An inclination of a
straight line formed by connecting the measured values, and
then y were obtained.

B and y values of the members A to G are shown in
Table 2. The current density 1 is -22.2 (uA/cm?), and The
current density 2 is -4.3 (mA/cm?). The resistance values of

those members are also shown in Table 2.
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when a voltage, slightly |ower than the breaddown voltage Vt - (V), is
applied to the contact area S (cnferr]) of the underlayer, and i/Sis a
current density i/S, a point Ain FIG 6 corresponds to a point Btn F'G:
7. The points A and B indicate a neas@ired area and a current val ue,
respectively, at the sane resistance value. The follow ng equation hol ds
[err] where current flowng into the photoreceptor layer is | ([err]A)
when the voltage Va is applied to the contact nenber, and a resistance

val ue of the contact nmenber when that current flows is R ([err]).
Rearranging the equa- tions (4) and (Jyn1%e shave [err] Consi der

t he under!| ayer resistance rq in the portion of the underl-ayer to which the

defect of tfe photore- 8
Member R(%) Current Current Y
density 1 | density 2
A 2 x 108 0.65 0.63 0.55
B 3 x 107 0.78 0.74 0.66
o 5 x 10° 0.96 0.96 0.02
D 2 x 107 1.00 1.00 0.24
E 1 x 107 0.80 0.77 0.70
F 6 x 10° 0.90 0.90 0.42
G 6 x 10° 0.95 0.95 0.20

Check was made as to whether the formula (8) or (17)
is satisfied or not, using the values shown in Table 2, Va =
-1160 (V), S/s = 9600, i/I = 25, k/I = 0.5, a =1, Vt = =300
(V), and Rp = 2 x 10° (Q).

The results of the check are shown in Table 3.

Table 3
Formula (8) Formula (17)
Member || Log (R) Satisfied i;ii: Satisfied %iﬁﬁ:
A 6.3 | X 8.9 X 2
. - N 8.6 X 7.9
c 6.1 X 7.0 ° —
D 7.3 o 7.1 2 2.2
g 7.0 x 8.6 - 2
F 6.8 X 7.8 ° £2
S c 8 x 7.3 0 3.
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ceptor layer is projected. As in
the case of the pinhole resistance Rgq, assum ng that current flomﬁng |nto

an area of the underlayer cor- responding to the contact are S 2y
when a voltage, slightly lower than tfe breakdown voltage Vi n%j
applied to that area is i ([err]A), and resistance of the uft de}} *'
when the current i ([err]A flows into the areais Rp ([err]), and the
area dependency of the resistance of the underl ayer is 1l-a, the

under | ayer resistance rq can be by
In Table 3, the resistance values R are expressed in

terms of logarithmic values. In the columns of the formulae
(8) and (17), O indicates that the formula is satisfied, and
x indicates that the formula is not satisfied. Calculation
values of right sides of the formula are also shown.

When comparing Tables 1 and 3, it is seen that in the
case of the members in which the defects thereof does not
grow into pinholes and the image noise caused by the defects
remains black dots, either of the formulae (8) and (17) is
satisfied.

In another test, the members C, D, F and G, and a
member to be charged not suffering the defects were set to
the image forming apparatus shown in Fig. 14, and images were
formed on 10,000 sheets of transferred-image recording medium
of A4 size. It was confirmed that no images having black

stripes were observed.

<EXAMPLE 2>
The members to be charged used were each a tubular

charged member of 3 (cmd) consisting of a tubular conductive
base member of aluminum, an underlayer of 10 (um) thick and
made of medium resistance nylon, and a dielectric layer as a
éhotoreceptor layer of 20 (um) thick of the function
separation/negative charging type.

As in EXAMPLE 1, defects each of 0.3 (mm¢) were
intentionally formed in members to be charged. Each of the
defect marred the member to be charged and each of the
members A to G were set to the image forming apparatus shown
in Fig. 14. Actually, images were formed and states of
images were inspected. Every time the member was replaced
with another, the member to be charged was replaced with a
new one.

Before an experiment is conducted, each charging
member was set to the image forming apparatus shown in Fig.
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[err] Fromthe formulae (1), (6) and (7), we have [err] Consi der

first the pinhole resistance Rq. FIG 8 is a graph show ng_t apea ;
dependency of contact nenber resistance. In the graph, | ([én n |§1f{ L
cates current allowed to flow into theodefective part area sJ(c r])

the wunderlayer, and a current density j/s ([err]A/cnferr]) is constant.

A resitance value of the contact nenber in the area s is the pinhole

resi stance Rg. As- suning that a resistance value of the contact nenber in
the area S (cnferr]) is Rz, the follow ng equation holds | og

(Rq) =l og(R) ﬂ@rr]%f&g(ey@ and Eh®redt 3,an8E8p8aSPOPh P Gty GHY TNt
dependency c)rriember to be charged to -600 (V), were measured. The
peripheral speed of the charged member was 3 (cm/sec). The
results of the measurement were Va = -1.16 (kV) and I = -6
(HA).

In the experiment, Va = -1.16 (kV) and the restricted
current value of the power source was -20 (pA). The
experiment results are also shown in Table 4.

A test piece was constructed in which only an
underlayer of a medium resistance nylon layer of 10 (um)
thick was formed on a tubular conductive base member of
aluminum. A breakdown voltage Vt of the underlayer and a
resistance value Rp of the underlayer were measured. An area
S of an electrode brought into contact with the surface of
the underlayer was 6.57 (cm") (corresponding to the nip width
3 (mm)). The measurement results were: Vt = -1000 V and Rp =
1 x 107 ((R)). 1 = -1000/(1 x 107) = =100 x 10°® = -100 (pA).

The area dependency of resistance of the underlayer
was measured. The electrode area was set in four levels:
6.75 (cm”), 1 (cm®), 0.5 (cm®), and 0.1 (cm?). The current
density was {-1000/(1 x 107)}/6.75 = -14.8 x 10™® = -14.8
(pA/cm"). Measured values, as shown in Fig. 3, were plotted
on a graph of which the abscissa represents a logarithmic
value of the area and the ordinate, a logarithmic value of
resistance. Connection of the measured values formed a
straight line inclined at -0.95. Therefore, a = 0.95.

Then, a pinhole of 0.3 (mm¢) was formed in a member
to be charged. A tolerable current value within which no
further enlargement of the pinhole or no further
deterioration of the member progresses, was measured.

The current was gradually increased while observing
states of the pinhole and the member. The current at which
the pinhole starts to grow or the current at which the
deterioration of the member starts was measured. The member
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contact nenber_resistance As descri bed above, in this graph, the contact
area S (cnferr]) of the actual photore- ceptor |ayer and the contact nenber

is set at a fixebh 1Replecet rent jXS/s ([err]A) is fed josthenayea B i
(cnferr]), a poin$ ﬂ corresgonds to a point D.in Eid: ﬁ‘quﬁ it

i

points Cand Din red area and a current val ue,&ridshettively,
at the sanme resistance value Rz. The follow ng equation hol ds | og
(R =log (Rz)+[err] Xl og {]j XS/ 1Xz)} : (10) where current flowing into

t he photoreceptor layer is | ([err]A when the voltage Va is applied to the

contact menfiety g0d néSRimbANE. VA Woredn? PRt WIEBEL for 30
minutes. As a result, no enlargement of the pinhole and no
deterioration of the member were observed till the current is
increased up fo -0.5 (pA). Accordingly, k = -0.5(uA).

Since the breakdown voltage Vt of the underlayer is
-1000 (V), |vt] < {va]. To take a measure for the pinhole
problem, either of the formula (8) or (17) must be satisfied.
To take a measure to prevent the underlayer from being broken
down, the current allowed to flow into the area s (cm?) of
the underlayer is |-14.8 x 7 x 10°*} = }|-0.01 (nA)} < {-0.5
(pA)}. This current value cannot enlarge the defect of the
photoreceptor layer.

The area dependency of the members A to G depends
little on the current density, as seen from Table 2.
Accordingly, the current density 1 in Table 2 was used for
the area dependency. )

Check was made as to whether the formula (8) or (17)
is satisfied or not, using the values B and y shown in Table
2, va = -1160 (V), S/s = 9600, i/I = 16.7, k/I = 0.083, o =
0.95, Vt = -1000 (V), and Rp = 1 x 107 (Q).

The results of the check are shown in Table 4.

Table 4
Log Formula (8) Formula (17)
memper | Image | (R) | carisfied i;iﬁ: satisfied i;iﬁ:
a BS 6.3 x 8.2 a 5.3
B Bs | 7.5 7.8 = -
C BD 6.7 o 6.3 o 2:3
D BD 7.3 o 6.4 ° 2
E BS | 7.0 x 7.8 < o
r BS | 6.8 1.0 X =
G BD 6.8 o 6.3 ° =




20 when that current floﬁs Is R ([err]j. Rerrangi ng the equa- tions (9)
and (10), we have log (RgQ)=log (R)+([err])Xlog(S/s) -[err]Xlog(j/!)
Consi der the underl ayer resistance rq in the portion of the undenlqyef.1e§ S|

descri bed above, the underlayer ressstance rgq is given by -~ lFog - -
(rq)=log (Rp)+a-Xlog (S z) (12) where Rp ([err]).is resistance
“when current jXS/'s (BA) is fed into the area S (cnferr]), and the area
dependency of resistance of the.underlayer is 1-a. Fromthe fornulae (2),

(11) and (12), we have

In Table 4, in the "image" column, BS and BD indicate
a black stripe and a black dot, respectively. The resistance
values R are expressed in terms of logarithmic values. In
the columns of the Formulae (8) and (17), © indicates that
the formula is satisfied, and x indicates that the formula is
not satisfied. Calculation values of right sides of the
formulae are also shown.

As seen from Table 4, in the case of the members in
which the image noise formed by the member remains black
dots, either 'of the formulae (8) and (17) is satisfied. When
comparing Tables 3 and 4, it is seen that when the member to
be charged is chahged to another, the image noise (black
stripe and black dot) is changed to another type of image
noise if the same member is used.

In another test, the members C, D, and G, and a
member to be charged not suffering the defects were set to
the image forming apparatus shown in Fig. 14, and images were
formed on 10,000 sheets of transferred-image recording medium
of A4 size. Any image having the black stripe could not be

observed.

<EXAMPLE 3>

The members C, D, F, and G, which succeed in dealing
with the pinhole problems in EXAMPLE 1, were used for the
charging members. The same member to be charged as that used
in EXAMPLE 1 was used. Check was made as to whether or not
the apparatus using those members are capable of dealing with
the pinhole problems. Measurement for the check were carried
out in environments different from those in EXAMPLE 1; LL
environment (10 (°C ) and 15 (%RH)) and HH environment (35
(°C ) and 65 (%RH)). '

Before an experiment is conducted, each charging

member was set to the image forming apparatus shown in Fig.
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A+B > VaX 10[err]/j (13) where - Iog Arlog
(R +([err])Xiog (S/s) -[err]xlog(j/l) | og B=l og (Rp)+a X Iog,(S/$),:
< <Case (2)> > FIG 9 is a graph showing the area dependericy: of “cdnfadt -
menber resistance. In this graph, k (p®rr]A) indi- cates current allowed to
flowinto the pinhole part area s (cnferr]), and a current density k/s
([err]Acnferr]) is constant. A resistance value of the contact nenber in
the areas is the pinhole resistance Rq. Assum ng that a resistance val ue of
the contact nmenber in the area S (cnferr]) is Rx, the follow ng equation

hol ds 1kQg9 BUrzheuv4 Rad [@irdeflod ( HePessary for charfifiy a
member to be charged to -600 (V), were measured in the
different environments. The peripheral speed of the member
to be charged was 3 (cm/sec). The results of the measurement
were Va = -1.16 (kV) and I = -6 (pA) even in the different
environments.

As in EXAMPLE 1, defects each of 0.3 (mmd) were
intentionally formed in members to be charged. Under the
condition that va = -1.16 (kV) and the restricted current of
the power source was -20 (pA), images were actually formed
and states of images were inspected. Every time the member
was replaced with another, the member to be charged was
replaced with a new cne. The results of the inspection are
shown in Table 7.

Then, the breakdown voltage Vit of the underlayer, the
resistance Rp of the underlayer, and the area dependency l-o
of resistance were measured. Further, a pinhole of 0.3 (mm¢)
was intentionally formed in a member to be charged. A
tolerable current value k within which no further enlargement
of the pinhole or nc further deterioration of the member
progresses, was measured. The results of the measurements in
the environments LL and HH, and additionally in the

environment NN are shown in Table 5.

Table 5
1 LL NN HH
vt (V) -400 -300 ~250
Rp (Q) 6 x 10° 2 x 10% 9 x 10°

Vt/Rp (upA) -67 -150 -278

Q 1 1 1l

k (pa) . -3 -3 -3
R —
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FIG 7 is a graph show ng the current dependency of contact nenber

resi stance. As described above, in this graph, the contact area S an{q ﬁ]%i
of the actual photore- ceptor |ayer and the contact nenber is set at.a’i i j

fixed area. If a current kXS/'s ([ershA) is fed to the area S. (cn[eﬁr])“ & -
point F (FIG 7) corresponds to a point Ein FIG 9 The points E. and F
I ndi cate a nmeasured area and a current val ue, respectively, at the sane
resi stance val ue Rx. The foll ow ng equation hol ds

21

The results of Table 5 show that the breakdown
voltage Vt of the underlayer,'and the resistance Rp of the
underlayer vary depending on the environments.

Since |Vt| < }vaj, to take a measure for the pinhole
problem, either of the formula (8) or (17) must be satisfied?

The results of measuring the resistance values R, the
area dependency 1-B of the resistance, and the current
dependency y of the resistance of the members C, D, F and G
are shown in Table 6. 1In this table, the § values were
obtained at the current densities -9.9, -22.2, -41.2 (pA/cm?)
in the environments LL, NN and HH. The measured values in

the environment NN are also-shown in Table 6.

Table 6
Mem LL NN EH
ber | R B y R B y R 8 Y
C || 2x107 | 0.98 ] 0.02 | 5x10% | 0.96 | 0.02 | 1x10% | 0.9 | 0.02
D || 6x107 | 1.0 {0.24| 2x107 | 1.0 | 0.24 | 2x10° | 1.0 | 0.24
F || 1x107 [ 0.95] 0.42 ) 6x10% | 0.9 | 0.42 | 3x10° | 0.85 | 0.42
G || 8x10°| 1.0 | 0.2 | 6x10° | 0.95] 0.2 | 3x10° | 0.92| 0.2

Table 6 shows that the resistance R of the member,
like the resistance Rp of the underlayer, depends on the
environments, but the area dependency 1-8 of the

" resistance and the current dependency y of the member
resistance depends little on the environments.

Check was made as to whether the formula (8) or
(17) is satisfied or not, using the values shown in
Tables 5 and 6, Va = -1160 (V) and S/s = 9600. Table 7

also shows the results of this check.
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log (R =lo (Rx)+[err] Xl og(SS kXS/ (I Xs)} where current flowing into the
phot oreceptor layer is | ([err]A when the voltage Va is applied to the
contact nenber, and a resistance value of the contact nenber  when.thaiy =
current flows is R ([err]). Rearranging the equa- tions (14):.ahd'(15) we-"
have [err] - Fromthe equations (3) and (16), we have . .. - Jerr]
The graphs of FIGS. 6 to 9 showi ng the area depen- dency or the current
dependency are valid when the contact nenber and the underl ayer are made of
a spe- cific material. The sanme graphs are valid al so when anot her

material is used for those nenbers excqlpatblteha}

LL NN HH
Member
_Image_ (8) (17) Image | (8) (17) Image | (8) | (17)
r o} o} X o} X 0
c BD
7.2 | 4.8 BD 1,01 49 B 1700 51
[»] [o] C (o] (o] (o]
D BD 2
7.3 1 s.5 8D 7.2 | 5.5 8D 6.9 | 5.5
F 3D 0 ° X ° B x x
7.7 | 6.4 3D 7.5 | 6.6 BS 7.8 | 5.8
G 3D x | .° ED x ° 3D x °©
7.3 1 5.4 7.3 1 5.6 7.2 | 5.7

In Table 7, in the "image" column, BS and BD
indicate a black stripe and a black dot, respectively.

In the columns of the formulae (8) and (17), O indicates
that the formula is satisfied, and x indicates that the
formula is not satisfied. Calculation values of right
sides of the formulae are also shown.

As seen ircm Table 7, when the measuring
environment is changed to another environment, cne of the
members forms a black stripe by the pinhole in the image.
It is also seen that also in this case, the black dot is
not changed to the black stripe if either of the formulae
(8) and (17) is satisfied. As a consequence, the fact
that the present invention is valid irrespective of the

. environments was confirmed.

In another test, the members C, D, and G, and a
member to be charged not suffering the defects were set
to the image forming apparatus shown in Fig. 14, and
images were formed on 10,000 sheets of transferred-image
recording of A4 size in a room where temperature and
humidity were not adjusted. It is confirmed that any of

the images had no black stripe.
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the inclination and segnents in the graph are different fromthose in Lhe ,'

graphs of FIGS.

the contact nmenber will be descri bed. The contact menber.is pressed ?-
agai nst the photore- ceptor |ayer undeg actual conditions (in this case,
the contact area is S (cnferr])). The ﬁ%

noved under act
and noved under
contact nenber.
menber, measur
medi a, such as

| ayer and t he cont afheneeberictérdieruxtrtent omldie iodnthe poweresbukcé[err]A)

6 to 9. A nmet hod of neasuring resistance R ([err]) of

ac- tual conditions. The voltage Va is applied to the

otoreceptor drumis rotated and
ual conditions, and the contact nenber is rotated, fixed

G-

In a case where the contact nenber is a contact transfer

de in state that a transferred-imge recording

a recording paper, is not see between the photoreceptor

Coarnd o Q%h??ﬁ%&iﬁéegtg%}ﬁ%ﬁg ?Asﬁﬁégﬁ} n%gf€§F§F %@Q gFiihgontact

schemati c d|a r

nmenber accor dicugreat ﬂheuauenenmssamgnﬁonnnhdngﬂﬁg shengeaber b bhe enbodi -
charged to a predetermined potential'and the current k
(naA) allowed to flow into the pinhole. As in EXAMPLE 1,
defects each of 0.3 (mm¢) were intentionally formed in

members to be charged. Actually, images were formed and

states of images were inspected. The members C, D, and G

were used for the charging members. The same member to

be charged-as that used in EXAMPLE 1 was used.

Images were formed on 1,000 sheets of

transferred-image recording medium of A4 size in the

environments LL to HH. The images formed were excellent

in quality, not suffering from the black stripes caused

by the pinholes.

When synthesizing the above results and the results

of EXAMPLE 3, it was seen that if a power source capacity

p

satisfies the following condition
P2Va x (I-k) x 10% (W),

qualicy images can be formed.

In another test, the members C, D, and G, and a

member to be charged not suffering the defects were set

to the image forming apparatus shown in Fig. 14, and

images were formed on 10,000 sheets of transferred-image

recording of A4 size in a room where temperature and

humidity were not adjusted. No black stripes were

observed in the images.

<EXAMPLE 5>

The members C, D, and G were used for the charging

members. A photoreceptor layer not having an underlayer

was used for the member to be charged. The member to be

charged used was a tubular member to be charged of 3
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ment, an object to be neasured is a contact nenber 101 as a one-|ayer

roller. A netal electrode 110 is used in place of the photore- ceptor
drum The contact nenber 101 is pressed agai nst the netal electrod@ Jd10 4 s
under actal conditions. The n p2 netaf

electrode 110 is rotated in the direégion of an arrow Wunder actual
conditions. The contact nenber 101 is rotated, fixed, and nopved under
actual conditions (in the case of FIG 10, it rotates follow ng the
rotation of the netal electrode 110). Under this condition, a

(cmé) consisting of a tubular conductive base member of
aluminum, and a dielectric layer as a photoreceptor layer
of 20 (um) thick of the function separation/negative
charging type. The peripheral speed of the member to be
charged was" 1.5 (cm/sec), different from those in the
examples already described.

Voltage Va and current I, necessary for charging a
member to be charged to -600 (V), were measured. The
results of the measurement were: Va = -1.16 (kV) and I =
-3 (uA).

A pinhole of 0.3 (mm$¢) was intentionally formed in
the charging member. A tolerable current value within
which no further enlargement of the pinhole or no further
deterioration of the member progresses, was measured as
in EXAMPLE 1. The current value was -3 (uA).

Defects each of 0.3 (mmd) were intentionally formed
in members to be charged. Under the condition that Vva =
-1.16 (kV) and the restricted current of the power source
was -6 (MA) using & charching member forming a pinhole of
0.3 (mm¢), images were actually formed and states of
images were inspected. The results were: the members C
and D produced good images, but the member E produced the
image marred by a black stripe.

In this example, the underlayer is not used.
Accordingly, satisfaction of only the inequality (17)
suffices for the measure for the pinhole problem. Check

'was made as to whether or not the inequality (17) is
satisfied. The results were: the members C and D
satisfied the inequality (17), but the member E did not
satisfy the inequality. Also from this fact, it is seen
that the black stripe formation can be suppressed if the
inequality (17) is satisfied even in the case where the
photoreceptor layer not having the underlayer is used.
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power source 109, which is connected between the conductive base nenber 102
of the contact nenber 101 and the netal electrode 110, is operated tQ feed

current | ([err]A) to the nmenber-electrode circuit. A reS|st§hce vaiue
is calculated using the voltage appliei at this tine. The reststanoe 't Hus~
nmeasured is defined as a resis- tance, R ([err]) of the contact nenber.

The nmet hod of neasuring the breakdown voltage Wt of the underlayer and
the resistance Rp thereof will be descri bed. A test piece used was a
drum body having only an under| ayer | ayered thereover, not having the

phot or e- CepBEMAMPBEe6> The drum serving as the base |ayer, was made of

conduct | ve et er ! 2l pySUeleBer ™ alig B RIS o 0lroR MRLUTRLLSEASIVILY, 2
the test pi ecmembeas. tOThavsamﬁlmamhenﬁtdSh@cmmam@hﬁ av¥okhageusedappl i ed be-
{neen Lhe | OUshRBREESCE, IoheY, 2L MR stuS el oL WEroing
preset periodmefiberneast fiermed by superposing an AC voltage on a DC

voltage. The DC voltage was -600 (V), the peak-to-peak

voltage of the AC voltage was 1.4 (kV), the frequency of

the AC voltage was 0.8 (kHz), and the waveform of the AC

voltage was sinusoidal. The remaining specifications

were the same as those in EXAMPLE 1.

Before an experiment is conducted, each charging
member was set to the image forming apparatus shown in
Fig. 14. An experiment of charging the member to be
charged was conducted. The results of the measurement
were: the member to be charged was charged to -600 (V),
and the current flowing at that time was -6 (na).

As in EXAMPLE 1, defects each of 0.3 (mm¢) were
intentionally formed in members to be charged. Each of
the defect marred member to be charged and each of the
members C and D were set to the image forming apparatus
shown in Fig. 14. Actually, images were formed and
states of images were inspected. Every time the member
was replaced with another, the member to be charged was
replaced with a new one. The results were: the members C
and D produced images containing black dots, not black
stripes.

' The resistance values R of the members C and D are
defined by -6 (pA) of the current fed thereto, and Va =
(DC voltage) + (effective value of the AC voltage) = -600
- 495 = -1095 (V). Calculation was made to check whether
or not the formula (8) or {17) is satisfied, as in
EXAMPLE 1. Both the members C and D satisfied the
formula (17). Also when Va = (DC voltage) + (effective
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voltage is increased. The voltage is neasured when the undenta&ei ?s& ﬁ E.i
dielectrically broken down. Needl ess to say, when |Vt| > yvaﬁ,itﬂei LA
di el ectric breakdown never takes place in the underlayer. A resis- tance of
t he underl ayer when current jX S/s ([err]A) is fed to the area S (cnferr])
is Rp ([err]) wherej ([err]A) is the>urrent allowed to flowinto the area
s (cnferr]) of the underl ayer. If the values of R Rp, Va, M, I, i, j,

k, S, s, [err], [err], and [err] thus obtained satisfy the fornula (8),

(13) or (17), even if the photoreceptor drumis marred by pinholes, re-

mar kabl e deterioration of imge quality and the damage of the nenbers can
be prevented. valliee cfamhet ACngolsage Je=f-o60® <casEdWer-200te (Vynbaotho be

charged and t cont act er, ar upport ed whil e hei paced with a

m nut e gap thBﬁﬁbng§SE§”EH§“?e§s§%§%%#E%#né??<ﬁ?§ﬂﬁ§a-33&36 t he resistance

R is the resistancelneanothdrbyeste thed mozilshmsvC iandFIDGanti0a tmembegsi st ance

Rreflects a state of the.contact t he phot orec or_Jl ayer. and,the

cont act marrbeft.o ?br? F&‘Fggggsg?%t%%fg%ﬁ{;%tﬁé ecge%c%steswer{lo )éeef‘l g'to s‘f’?]ﬁce t he

menber image forming apparatus shown in Fig. 14, and images were
formed on 10,000 sheets of transferred-image recording

medium of A4 size by applying the voltage formed by
superposing the AC voltage to the DC voltage to the
charging member thereby to charge it. Any image having
the black stripe could not be observed.

The fact that even when the voltage formed by
superposing the AC voltage to the DC voltage is applied
to the charging member, if the condition is set up on the
assumption that the sum of the voltage and the effective
value or peak value of its voltage is Va, the effects
obtained are comparable with those obtained in the case

using the DC voltage, was confirmed.

<EXAMPLE 7>

The charging members for a contact charging device
were the members AA to AE constructed such that the
surface layers (resistive layers) (described below) are
formed on the surfaces of the members A shown in EXAMPLE
1. The peripheral speed of the member to be charged was
3 (cm/sec). Va = -1.16 (kV) and I = -6 (pA) were
required for charging the surface to -600 (V).

Member AA: The surface layer of this member was an
urethane resin layer, 20 (um) thick, containing carbon
black internally added thereto.

Member AB: The surface layer of this member was an

alcohol-soluble nylon resin layer, 20 (um) thick,
containing carbon black internally added thereto.
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23 to be charged is not in contact with the:contact ber Thence t he

resistance of the contact nenber nea- sured when current |, errbA 1S
fed to the contact nenber in actual use conditions in a st&t i at ﬁ A L
menber to be charged is substituted py the netal el ect rodedi & de ﬁe

as resistance-R In this instance, the termindicative of t he area
dependency is 0 (zero) Accordingly, log (S/s) in the formulae (8), (13)
and (17) is O. In a case where the nmenber to be charged has no

under | ayer and the photoreceptor layer is directly |ay-
Member AC: The surface layer of this member was an
alcohol-soluble nylon resin layer, 20 (um) thick,
containing perchlorate internally added thereto.
Member AD: The surface layer of this member was a

water-soluble nylon resin layer, 20 (um) thick,
containing carbon black internally added thereto.

Member AE: The surface layer of this member was a

polyvinyl butyral resin layer, 20 (upm) thick, containing
carbon black internally added thereto.

A guantity of added conductive agent was adjusted
so that the resistance values of those members AA to AE
are 1 x 107 (Q) in the NN environment. The measuring
method shown in Fig. 10 was used for this adjustment.

The results of measuring the resistance values R,
the area dependency 1-8 of the resistance, and the
current dependency y of the resistance of the those
members in the respective environments, as in EXAMPLE 3,
are shown in Table 8.

Table 8

Mem LL NN HH

ber | g B v R B ¥ R B ¥
AR || 3x107 ] 0.98 | 0.35| 1x10” | 0.95 | 0.26 | 5x10° | 0.95 | 0.22
AB || 2x107 | 0.95 ]| 0.44 | 1x107 [ 0.93 | 0.35 | 6x10° | 0.93 | 0.32
AC |l 5x107 | 1.0 | 0.36 | 1x10” | 1.0 | 0.15| 3x10% { 0.95| 0.1
AD f1 9x10° | 1.0 | 0.88 | 1x107 { 0.90 | 0.66 | 1x10° | 0.85 | 0.35
AE || 1x10°| 1.0 | 0.8 | 1x10” | 0.95| 0.52 | 2x10% | 0.92 | 0.4

As shown in Table 8, the resistance R, the area
dependency 1-f of the resistance, and the current
dependency y of the resistance of the those members were

varied depending on the environments. This was slightly
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ered on the conductive | ayer, a defect of the photore- ceptor layer, if
passi ng therethrough, is the pinhole Therefore, only the case (2) for the-
defective drumis valid for the photoreceptor drum not havj { e uridef-:
layer. In other words, satisfaction of the inequality (17) ‘‘suftices for’

that drum The application of thé&linvention for -an actual imagé

form ng apparatus based on the el ectrophot ography systemw /|| be

descri bed. FIG 11 shows cross sectional views schematically

il lustrating charging nenbers form ng contact charg- ing devices according

to the present invention. In FIG 11, a charging nenber 10 is in contact
with a nmenbedifferbetchiaogethé&Ocomrehts kehgpat timpmakake gdesirgBatedaby | i ke

ol o enee "uBBbBhtency b bF Snd MBliad{ it U8 TEURL agphates the
conductive basedpebhergéderdhby ciwuhedses wiade ilpPeaskebflthes nade of any
of metal. allgy;s¢ahben 4} S80S Yhe il Al RAMIENuEBERIE oy M and
tends to be large as the resistance of the member
increases.
Then, defects each of 0.3 (mm¢) were intentionally
formed in members to be charged. Each of the defect
marred members to be charged and each of the members AA
to AE were set to the image forming apparatus shown in
Fig. 14. Actually, images were formed in the LL, NN and
HH environments and states of images were inspected. The
restricted current value of the power source was -9 (pA).
The results of the inspection are shown in Table 9.
Check was made as to whether the formula (17) is
satisfied or not, using R, v, B, and Va = -1.16 (kv), I =
-6 (MA), k = -3 (pA), and S/s = 9600. Table 9 also shows
the results of this check.
In Table 9, in the "image" column, BD (black dot)
indicates that a black dot appears on the image, and BS
(black stripe) indicates that a black stripe elongating
in the axial direction of the roller appears on the
image. In the "Inequality (17)" column, O indicates that
the formula is satisfied, and x indicates that the
formula is not satisfied. Calculation values of right
sides of the inequality (17) are also shown.
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nmetal may be any of iron, alum num stainless, brass and the like. The
conductive elastic-layer 12 is-made mainly of a material selected from
anong those nmaterials of a naterial group a) to be given Iater anq ;SRR
materia se- |lected fromanong those of material groups b)- ”b b)A ,‘ ln_
FIG 11(b), the charging nenber 10 al&b takes the form of @.rbhler A
conductive elastic-layer 12 is layered on a conductive base nenber 11. A
surface layer 13 is |ayered over the conductive elastic-layer 12. The con-
ductive base nember 11 is made of any of netal, alloy, carbon dispersed
resin, netal powder dispersed resin, and the like. The metal may be any of
iron, alum num stainless, brass andpdpdy Ig ke. The conductive el astic-

| ayer 12 is nggg ggjg[g of a material selected from anpng those ggterial
of the group §) and 4§ naterify - -
Member Inage Equation Image Equation Image Equation
(17) (17) (17)
AA BD o 6.0 BD o 5.8 BD o 5.6
AB BD o 6.4 BD o 6.2 BD o 6.1
AC BD c 5.9 3D o 5.2 BD o 5.2
AD BD o 7.8 BS x 7.4 BS x 6.5
AE 8D o 7.5 3D o 5.7 BS x 6.4

As seen from the results shown in Table 9, in the
case of the members satisfying the inequality (17), if
the member to be charged marred by the pinhole is used
for image formation, the defects of the images formed are
not serious. This fact was confirmed again.

In another test, the members AA, AB and AC not
causing defects in the formed images in all the
environments were set to the image forﬁing apparatus
shown in Fig. 14, and images were formed on 10,000 sheets
of transferred-image recording medium of A4 size in a
room where temperature and humidity were not adjusted.

No deterioration of the images was not observed.

When examining the formulae (8), (13) and (17), it
is seen that the members of which the area dependency and
the current dependency are small, are easy to satisfy the

" formulae. The results of the examples 1 and 7 show that
the layer made of a material selected from among urethane
rubber, urethane resin, and nylon resin, particularly
alcohol-soluble resin, and polyethylene resin, is
preferably formed on the surface of the charging member
(1.e., the surface to come in contact with the member to
be charged). Also where a nylon resin film of 40 (um)
thick i1s used for the charging member, folded in two as

R
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24 selected fromanong those materials of the groups b)-1 to b)-4. The
surface Tayer 13 is made nainly of a mate- rial fromanong the those
material s Gmsﬂaméhsﬁﬁm ¢fds c)-1 to c)-3. In FIG 11(c), the charging
menber 10 a ornlof aroller. A conductive elastic-layer 12 is
| ayered on se menber ¥B. A resistive layer 14 is Iayered
over the cou uc Ive e astlc | ayer '12. The con- ductive base nmentern 113

made of any of netal, alloy, carbon dispersed resin, netal powderJdlsgenFed
resin, and the like. The netal may bé any of iron, alun1nun1 stainles

brass and the |ike. The conductive elastic- layer 12 is made mainly of a
mat eri al sel he | p nd_a terial selected
from anong t géggoiﬁgﬁ% g?ggﬁ{)bf§€%?&%§ﬁ§ %%%%efgégﬁsgntfgg Fﬁ?g? 14 is
made mainly oh alhatkeienviedrasnds fr Qe film used was a called

nylon resin single layer film.

<EXAMPLE 8>

The following members H to J each of 22 (cm) in the
effective length were used for the transfer member of a
contact transfer device. The member to be charged used
was that of EXAMPLE 1.

Member H: Roller with a conductive layer made of
urethane foam containing carbon black internally added
thereto (volume resistivity : 10’ (@ cm), Asker C
hardness : 35 (°)}, cell diameter : 300 (um), and
thickness : 5 (mm)).

Member I: Roller with a conductive layer made of
urethane foam containing carbon black internally added
thereto (volume resistivity : 10® (Q cm), Asker C
hardness : 35 (°), cell diameter : 300 (pm), and
thickness : 5 (mm)).

Member J: Roller with a conductive layer made of skin,
silicon foam containing carbon black internally added
thereto (volume resistivity : 10%® (Q cm), Asker C
hardness : 30 (°), and thickness : 5 (mm)})}.

Before an experiment is conducted, each transfer
member was set to the image forming apparatus shown in
Fig. 15. A transfer voltage was set at +800 (V). The

‘current I, which flows into the member to be charged
under this voltage, was measured. The peripheral speed
of the member to be charged was 3 (cm/sec). The measured
current I was 2 (uA).

Defects each of 0.3 (mmd) were intentionally formed
in members to be charged. Each of the defect marred
members to be charged and each of the members H to J were

set to the image forming apparatus shown in Fig. 15.



the materials of the group a), and materials from anong those the groups

c)-1to c)-3. The conductive elastic-layer is of the solid type or the

foamed type. Wien it is of the foaned type, cell diame- ters of cells in
the base region of the |ayer maybe | arger than the cell | lgr |n*the_
surface region. A solid skin |ayer a4ay be provided on the su oiantq_

foanmed | ayer. The surface | ayer protects the conductive elastic- |ayer, and
prevents | ow nol ecul ar wei ght conposi- tions, nonreactive conpositions,

additive, and the |ike from oozing out of the conductive elastic-layer. In
a case where the charging menber of the roller type is used, the peripheral

Thecrorl er | ABRRAPITC oL WUEITBOCHEA N Skdell B %ﬁ?% e for mof
a brush roll enSpﬂ:m@sh DRy td@méé\teed\e@beﬁorﬂéédrepﬂ-écadcﬂn'dhlct i ve base
menber 11. The gﬁ’é'r dé&?é'rr\’dmkkéa;seco”%'éb hal‘éekis d?eﬂia §9£tHE$aljlewal | oy,

car bon dlsperse resin, powder |sp rse resi 1T ke The
met al may beon@y dTherxﬁstnmqpﬁdh@mFrent value of the power source

was 15 (pA). The results are shown in Table 10.

The resistance values R of the members were
measured by the measuring method shown in Fig. 10. The
measuring current was 2 (pA). The area dependency 1-B of
the member resistance and the current dependency v
thereof were measured. Check was made as to whether or
not the formula (8) or (17) is satisfied. The results of
the measurement and the check are also shown in Table 10.
Iin this table, in the “formula"” columns, ¢ indicates that
the formula is satisfied, and x indicates that the
formula is not satisfied. Calculation values of right
sides of the formulae are also shown.

Table 10
Member | Image | log (R) | 8 y (8) (17)
White
H cerip| 61 0.610.51| x 8.8 ] x 8.3
Good 7.2 [0.72]0.35| x 8.1 |0 7.2
J Good 7.0 |0.85[0.21] x 7.4 o 6.1

As seen from Table 10, when neither the formula (8)
or (17) is satisfied, a poor transfer (white stripe)
appears in the image. )

In another test, the members AA, AB and AC, and a
member to be charged not suffering from defects were set
to the image forming apparatus shown in Fig. 15, and
images were formed on 10,000 sheets of transferred-image

recording medium of A4 size. No white stripes were

observed in the images.
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stainless, brass and the |ike. The brush 15 is nmade nmainly of a materi al
selected fromthe materials of the group a) and materials selected from

t hose of the groups b)-1 to b)-4 and c)-1 to c)-3. In use, those materials
are formed into fibers. The chargi ng nenber 10 shown in FIG. lige) t.akies: i
the formof a deck brush. A brush 1%5is connected or bonded onto ﬁ d i
conductive base nenber 11. The con- ductive base nenber 11 is nade of any

of netal, alloy, carbon dispersed resin, netal powder dispersed resin,

r

<EXAMPLE 9>

The members I and J used in EXAMPLE 8 were used for
the transfer member of a contact transfer device. The
method similar to that of EXAMPLE 8 was used. During the
period of forming an image on the photoreceptor layver,
viz., before the transfer process, a cleaning voltage
-250 (V) for cleaning the transfer member was applied to
the transfer member. After a toner image is formed on
the photoreceptor layer, the image is transferred onto
the transfer member.

In another test, the members I and J, and a member
to be charged not suffering from defects were set to the
image forming apparatus shown in Fig. 15, and images were
formed on 10,000 sheets of transferred-image recording
medium of A4 size. No white stripes were observed in the
images.

In this example, when the transfer voltage is
applied, both the members I and J satisfy the'inequality
(17). Accordingly, also when the cleaning voltage is
applied, the above-mentioned conditions hold.

Since the cleaning voltage is usually smaller than
the breakdown voltage of the underlayer, check was made
as to whether or not the formula (13) or (17) was
satisfied. Both the formulae were satisfied.

Thus, if any of the formulae (8), (13) and (17) is
satisfied, no poor transfer occurs, no enlargement of the

.defects and pinholes in the photoreceptor layer is made,
and no deterioration of the members is made irrespective
of application of the cleaning voltage. This fact was

confirmed.

<EXAMPLE 10>
The roller constructed as shown in Fig. 1l1l(a) was

used for the charging member of a contact transfer
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and the like. The netal may be any of iron, alum num stainless, brass and
the like. The brush 15 is nade mainly of a material selected fromthe
materials of the group a) and materials sel ected fromthose of: the groups
b)-1 to b)-4 and c)-1 to c)-3. In use, those materials are f@fmﬁdiu@tbfﬁ S
fibers. The chargi ng nenber 10 sh@@n Iin FIG 11([err]) takes t He fqﬁqg i
of a blade. A conductive elastic-layer 16ThisSheg8arBsetReglagsd bonded onto a
conductive base nenber 11. The conductive - i s made of any of
netal, alloy, carbon dispersed resin, netal (| i persed resin, and
the Iike. The netal may be any of iron, alumnum stainless, brass and the
| i ke. The conductive elastic-layer 16 is nade mainly of a materi al

selected fromthe materials of the group a) and naterials selected from

t hose of thedgwvdgps bA- §olddp)edndunticje hrethane3asl @ conducthioae materi al s
are relatively_rigid and shaped j.nto | at The_, chargi ng nmber 10
shown in FIGﬁ¥¥ffgyaﬁa£8§m??uf?(ﬁqﬁ(ﬁ°§}%%1rﬁiqg FERATERAE P?Iﬁﬁ%? S

connect ed or conductive urethane was varied. Charging members a to j

as shown in Table 11 were prepared. The resistance
values R of the members were measured by the Fig. 10
method. In Table 11, the resistance value R is denoted
merely as R.

The member to be charged was structured such that
an underlayer of anodized aluminum is formed on a
conductive base member made of aluminum, and a
photoreceptor layer was.layered on the underlayer.

The breakdown voltage Vt of the anodized aluminum
layer as the underlayer was measured. In the
measurement, the conductive base member was earthed, and
a voltage of the same polarity as the charge voltage was
applied to the surface of the anodized aluminum layer for
one minute. The highest voltage within which the
underlayer is not broken down was measured. The area S
of the electrode brought into contact with the anodized
aluminum layer was 6.15 (cm?), and the load per unit area
was 163 (g/cm?) (gross load : 1000 (g)).

In the results of the measurement, the breakdown
voltage Vt of the anodized aluminum layer was -300 (V),
the current i was -100 (pA), and the current density in
the contact area with the electrode was 16 (pA/cm®). The
measurements were carried out 30 times. ((average value)

4 (3 x standard deviation))]) of the resistance Rp of the
anodized aluminum layer was 4.3 .x 10° (Q).

By changing the area of the electrode, the
resistance of the anodized aluminum layer was measured,
to obtain the area dependency l-o of the resistance. o =
1, that is, the resistance of the anodized aluminum layer
was proportional to the area. Accordingly, the
resistance of the anodized aluminum layer when seen from



bonded onto a conductive base nenber 11. The con- ductive base nenber 11 is
made of any of netal, alloy, carbon dispersed resin, netal pow@gq;djspersed
resin, and the like. The metal may be any of iron, alum num staijpless,, =

brass and the like. The conductive filgn17 is made mainly of a matériali i;;i_

selected fromthe materials of the group a) and materials selected from
those of the groupsb)-1 to b)4and c)-1 to ¢)-3. In use, those nateri- als
are flexible and shaped into a pl ate. The chargi ng nenber 10 shown in
FIG 11(h) takes also the formof a film A sheet-like nmeans consisting of

a resistive | r .14 | ayered adyct i | ;18 .i s fol ded_back not
formng a creggé. d%ﬁgcﬁav%% %gjr.'t)?o]‘fcoqt h sr%g%{% it{ﬁee %élgz’?lies 8&6Rn&cted or
bonded to a céndscki ¥e*basr’ NnyrdoerespondtiagcandlclBy ¢mbds . meTier 11 is
made of any of netal, ,allp carbon di.spersed_resi net al . powd di sper sed
resin, and t hEYFFRRS q?ﬂ§+£§eﬂa§n5f 5ta%§ebﬁaﬂﬁoxfagﬁuﬁfnﬁﬁsvgtgi%less,
brass and the(fiaken?)The abrdacthvdepehdedsyi s-fedf the ntesiftancmtcd ri al

selected fr Omtltlgemgr%g:gsl ae'a Stcg)fj_ twfgeg:eg ro%'%%ia ede}nd By changing the

electrode area, the resistance values were measured. The
result was that the resistance values of the members a to
i were inversely proportional to the area, and 8 = 1.

The current dependency y of the resistance of the members
a to j were obtained. ¢y = 1 for each of the members.

The pinhole resistance Rg is 10° times as large as the
member resistance R, as seen from Table 1l1.

The charging member was brought into contact with
the underlayer, with the photoreceptor layer not
intervening therebetween. A voltage was applied to the
charging member. Check was made as to whether or not the
underlayer is dielectrically broken down. From our
study, we knew the fact that the voltage for charging the
surface of the member to be charged to a potential
depends on the resistance of the charging member. Hence,
the voltages Va to charge the surface of the
photoreceptor layer to -800 (V) were set as shown in
Table 11. The application of the voltages continued for
one minute.

The results were shown in Table 11. x indicates

_that the underlayer is broken down, and ¢ indicates that
it is not broken down.

The voltage applied to the underlayer, as already
referred to,

Va x rg/(rq *+ Rq),
and the calculated values are described in the "divided

voltage" columns.
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materials selected fromthose of the groups b)-1 to b)-4 and c)-1 to c)-3.

In use, those materials are shaped into a tear drop. The resistive |ayer 14
is made mainly of a material selected fromthose of the group é)b ang. a ..
mate- rial from anong those of the gr oigps c)-1to c)-3. Ui d g o
26 For the charging nmenber, it is required that its resis- tance vaIu@ R i
nmeasured by the nethod shown in FIG 10 satisfies one of the formulae (8),

(13) and (17). The structure of the charging nmenber is not limted to those
illustrated in FIGS. 11(a) to 11(h), and the materials of -
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it are not limted to those materials stated referring to those figures.

The voltage applied to the charging nmem ber may be DC voltage current)
or voltage forned by superposing AC voltage on DC vol t age. ludy by.
the inventors showed that when the DC ypltage is applied to the~ |ng
menber, a correlation exists anong the Tesistance value R of the charglng
menber that is neasured by the nmethod shown in FIG 10, the applied voltage
Va, and the charged potential Vs of the nmenber to be charged. Mre
specifically, when the resistance R of the charging member is approxi-
mately 5X 10[err] ([err]) or nore, the voltage Va to gain Vs= -600 (V) is
Va<-1.17 (kV). Further, when the resistance R increases, the absol ute val ue
of the voltage Va expdneReRatlsoifrqretakale (X1t Ha tdle sgsevaft chgai n

Vs=-600 (V) iSnéapesOa(k)d Ré%?t[&jlé]mﬁrf‘éf]t-) an L HEKapAg [ ool st ance

R of the chargi ng nenbéer nusf err , prefera
10[ err] ([err]YogFagésgt is TaRphigdl i eattheh QﬂdqqkéﬂﬁﬁﬁanﬁpoﬁhﬁbrthEtransfer

mem ber of thangeplagér!fansisked it Wid e SY idte4he members e
to j, a divided voltage, lower than the breakdown
voltage, is applied thereto. Then, the underlayer will
not be broken down.

Each of the members a to j was pressed against a
member to be charged in which a defect of 0.28 (mmé) was
formed in the photoreceptor layer at the load of 1000 (g9)
(the load per unit area is equal to that in the
resistance measurement). The member is arranged so as to
turn following the rotation of the member to be charged.
Images were formed. The development was the reversal
development. In the case of the members a to ¢, currents
leaked at the defects. Poor charge occurs over the
entire range of the nip between each member and the
member to be charged. Black stripes appeared on the
printed images at the rotation periods.

After the experiment, it was confirmed that the
resistance of the underlayer of the part right under the
defect was considerably reduced, and the defect part was
destroyed to grow into a pinhole. 1In the case of the
member d, current leaks at the defect part, but poor
charge did not extend over the entire range of the nip
between the member and the member to be charged. The

., resultant image was almost satisfactory, except a black
dot appearing in the image. Repeating the print, the
black dot gradually grew. After 200 sheets of prints,
black stripes appeared in the images at the rotation
pericds. OQur visual check showed that the defect of the
member to be charged was enlarged to be a pinhole of
about 1 (mmg).
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referring to FIG 12. In the figure, a transfer nmenber 20 is in contact
with a nenber to be charged 50, and |ike portions 5 are desi%nated by |ike
ref erence nuneral s. In the transfer menber 20 shown in FI 12(a) whi.ch
takes the formof a roller, a conducijve elastic- |ayer 22 |$'hayEred On a
conductive base nenber 21. The conduCtive base menber 21 is made of any - of
netal, alloy, carbon dispersed resin, netal powder dis- persed resin, and
the |ike. The netal may be any of iron al um num stainless, brass and t he

| i ke. The conductive_e t a r | f terial selected
from anong t hose ma?erlhg% 'l: £ t}%'fzeﬂr |ia| :grourrgc a)f/agxg Ze%gt Epfﬁ?ngel ect ed
from anong t heme obseeednt enda:ho gragls ddripe @ppeared lim tthe fmageser

et oo o 280Porfecte(b): pthED A2 GdlRe Ol LBR TR0 | or 2

conductive elas? tic ayered cond Pass nmber 21. A
surface | ayer saslsﬁatuprhexnlaymwdn usdee cdftheat id0e 08i0ashieetbagfr 22. The

conduct i ve bageqenbep2lnks SRGE o e YndHe¥ectA o vredkhigindbEPer sed

resin,
the underlayer was observed by our visual check.

In <EXAMPLE 10>, the charging member and the member
to be charged are both 0 in the area dependency of their
resistance. Therefore, even if defects of 0.1 to 1
(mm¢), in addition to the defect of 0.28 (mm¢d) are
present in the member to be charged, the members e to j
will not break down the underlayers (anodized aluminum
layer), and the defects will not be grown into pinholes.

This fact was confirmed.

<EXAMPLE 11>

The underlayer of the member to be charged is a
high-molecular organic layer of which the resistance was
controlled by a resistance control agent. The conductive
elastic layer of the charging member was made of an |
open-cell type urethane foam of which the cell diameter
is 30 (pum) when measured by the bubble point method. The
remaining construction was the same as that of EXAMPLE
10, and the experiments conducted were substantially the
same as those of EXAMPLE 10.

The specifications of the underlayer were: the

_breakdown voltage Vt ; -400 V, resistance Rp ; 1 x 10°

() (current i was -400 (uA) and the area S was 6.2
(cm?)); and @ = 1. The underlayer resistance rg (6.15 x
10"* (cm?), viz., corresponding to 0.28 (mm¢), when seen
from the defect was 1 x 10° (Q).

Members k to t of different resistance R were used
for the charging member. These members were different
from those in EXAMPLE 10 in that the area dependency 1-f

e
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27 metal powder dispersed resin, and the like. The netal may be any of
“iron, alumnum stainless, brass and the |ike. The conductive elastic-I|ayer
22 is made mainly of a material selected fromanmong those mate{ials of the
material group a) and a material selected fromanong those of thé' rateri al
groups b)-1 to b)-4. The surface layer 723 is nade-of a material selected
fromthose mate- rials in the groups c)-1 to c)-3. In the transfer nenber
20 shown in FIG 12(c), which also takes the formof a roller, a conductive

el as- tic-layer 22 is |layered on a conductive base nmenber 21.
of the resistance was 0.75, not 0. And the current

dependency y was also not 0. The resistance values shown
in Table 12 are the resistance values Ru of the members
when current of -400 (pA) was fed to the area 6.2 (cm?).
The underlayer resistance values Rg when seen from the
defects are also shown in the table.

The charging member was brought into contact with
the underlayer, with the photoreceptor layer not
intervening therebetween. A voltage was applied to the
charging member. Check was made as to whether or not the
underlayer is dielectrically broken down.

The results were shown in Table 12. x indicates
that the underlaver is broken down, and 0 indicates that
it is not broken down. The voltage values Va applied to
the members were also shown therein.

The voltage divided to the underlayer, as already
referred to,

Va x rg/(rg + Rq),
and the calculatad values of the'voltage are also shown
in Table 12. In Table 12, these are described in the
column "Divided voltage”. The calculation results of the
following relation are also described in Table 12, in
the column "Reference".

Va x rg/(Rp + Ru),
which is based on the assumption that the voltage applied
to the underlayer depends on resistance values Rp and Ru,

, not the resistance values rg and Rg when seen from the

defects.
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A resistive layer 24 is further |ayered on the conductive el astic-layer 22.

The conductive base nenber 21 is made of any of metal, allgy carbon e
di spersed resin, nmetal powder dispersed resin, and t he Ilke t ali ay
be any of iron, alum num stainless, % s and the |iKke. The éoh ctiives .

el astic-layer 22 is made mainly of a mat'‘érial selected from anong those
materials of the material group a) and a material selected from anong those

of the groups b)-1t — 'Jle |ayer 24 is made mainly of a
material selected fr g ut eflials of the material group a) and a
material se- lected fifopotl B4y wateri §fid in the groups c)-1 to c)-3. I n
the transfer nenber wi—|n FI | 2(|d), which takes the formof a brush
roller, a brush 25 ig cpnnegtdd o bohddd to a conductive base nenber 21
The conducti ve base mpenl 21 i s deloff any of netal, alloy, carbon
di spersed resin, net pOVele¢nidi s{ pefsgd resin, and the |ike. The netal
may be any of iron, gl afengil spaiqgeiE brass and the |ike. The brush 25
is made mainly of a rmtgxial—gel ectedf f jom anong t hose
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materials of the material group a), a material. selected from anong those of .
the groups b)-1 to b)-4, and a material selected fromthose mgapesial § ki 4-
the groups c)-1 to c)-3. For the transfer nmenber, it is requ.TQdE ﬁaﬁiﬁ
resis- tance value R neasured by the nghhod shown in FIG 10-sati'sties one
of the fornmulae (8), (13) and (17). The “structure of the charging nenber is
not limted to those illustrated in FIGS. 12(a) to 12(d), and the materials
of it are not limted to those materials stated referring to those figures.
<MATERI AL GROUPS> &5 t@8hdird Jeleleeld., iputhaceaseaek bive memhsterde

bl ack), retal ggide PoORiads b1tagEOnRgwee’ t8Bfl the breakdown voltage
Vt is applied to the underlayers, so that the underlayer
is broken down. In the case of the members g to t, a
divided voltage, lower than the breakdown voltage, is
applied thereto. Then, the underlayer will not beé broken
down. In this case, it will be seen again that the
resistance values of the member when seen from the defect
or pinhole and the resistance of the underlayer must be
used for the calculation. That is, as in the
conventional case, the values in the column "Reference"
are not the divided voltage values for the underlayers
(otherwise, the members m to t could not break down the
underlayers), but the resistance values of the member
when seen from the defect or pinhcle and the resistance
of the underlayer must be used.

Each of the members k to t was pressed against a
member to be charged in which a defect of 0.28 {mmd) was
formed in the photoreceptor layer, and images were
formed. In the case of the members k to o, currents
concentrically leaked at the defects. Current was little
distributed over the entire range of the nip between each
member and the member to be charged. This results in
poor charge, and black stripes appeared on the printed
images at the rotation periods. After the experiment, it
was confirmed that the resistance of the part of the

~anodized aluminum layver, which is right under the defect,
was considerably reduced, and the defect part was
destroyed to grow into a pinhole.

In the case of the member p, current leaks at the
defect part, but its value is restricted below a
predetermined value. Current of such a value as to
charge could be distributed over the entire range of the

nip between each member and the member to be charged.
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28 SngJerr] powder), netal, alloy powder (e.g., Ag powder andA&

powder), salt (e.g., quaternary ammoni um salt and perchlorate), conductive
resin (e.g., polyacetylene and polypyrole). b-1 Natural rubber %)1
Any or blend of the follow ng synthetim rubber silicone rubberﬁ ﬂ orl i

rubber, phlorosilicone rubber, wurethane rubber, acrylic rubbér"hy nt

rubber, butadi- ene rubber, styrene butadiene rubber nitrile butadlene
rubber, isoprene rubber, chloropyrene rubber, isobuty- | ene-i soprene
rubber, ethyl ene-propyl ene rubber, chlo- rosulfonated pol yethyl ene rubber,
t hi okol, and the I|ke b)-3 Elastonerlc material containing styrol

resin, vinyl B oTeRLtaI yagen¥AE ALEPRL pariefagrens, ewespt acrylate
Lgf;gty?nd thepjdke dot dphaddhly BebheNim$Uel 8PeR0bYUpEEPaRRafHAMor

the defective part, in the image. Repeating the print,
the black dot gradually grew. After 200 sheets of
prints, black stripes appeared in the images at the
rotation periods. Our wvisunal check showed that the
defect of the member to be charged was enlarged to be a
pinhole of about 1 (mm¢) after 200 sheets of prints.

In the case of the members g to t, no leak current
was observed, and no black stripe appeared in the images.
20,000 sheets of prints was gained at print quality
satisfactory in practical use. After 20,000 sheets of
prints, neither expansion of the defect nor breakdown of

the underlayer was observed by our visual check.

<EXAMPLE 12>

The condition to avoid the breakdown of the
intermediate layer (or underlayer) will be discussed
again. '

Figs. 18(a) and 18(b) are a sectional view
schematically showing a contact charging device in which
a photoreceptor member 150 is used for a member to be
charged, and a charging member 10 is used for charging
it. 1In this example, the photoreceptor member 150 is
constructed such that an intermediate layer 152 is formed
on a conductive support member 151, and a photoreceptor

~layer 153 of made of organic or inorganic photosensitive
material is further layered on the intermediate layer.
If a pinhole 157 is formed in the photoreceptor layer 153
by foreign material mixed thereinto or scratch, the
intermediate layer 152 will not be physically and
chemically changed. A charging member 10 is as described
referring to Fig. l1l(a), and a conductive base member 11

is connected to a power source 60.
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rene foam polyethylene foam elastoneric foam rubber foam and the Iike.

c)-1 Any, copol yner, or nixture of the follow ng t her nopl ast}i @ @lﬂ il
acrylic resin, such as polyacrylate and pol ynet hacryl ate, dyrbAedrqsih
such as pol ystyrene and pon-lfnethyb tyrene, butyral resin, polyvinyl
chl oride, polyvinyl fluoride,  polyvinylidene fluoride, polyester resin,
pol ycarbonate resin, cellulose resin, polyarylic resin, polyethylene
resin, nylon resin. c)-2 Any, copolyner or nixture of the fol |l ow ng

wat er - sol ubl e resin: FiRP! MW Ayl ﬁ' eghovalertyaltybiel 60- tﬂwlcorﬁ@c‘tw nyl

pyrrolidine, polyvinyl™ am ne, crylic a poI VJn acrylic acid,
pol yvi nyl nEtr&ﬁﬁ%ﬂ%%gzﬂﬂW&cep6B9VPn§P Eﬁ?fu?b&aéc 4%&& Y8 d

casein, hydroxydndi®piwe QﬁlsleUkneﬁ@erswr@B tﬁum:ﬁaﬁ@mg ekber gloutia ne

aci d, polyaspartlc acid,. nylon_resi and t 3. Thernosetting
resin, such e&FQﬁﬁﬁQﬁﬁﬂ?%YhSméﬁﬂ?EoﬁEa?eEPﬁt ﬁfe?%%n%PQégﬁ

al kyd resin, polastidildsaredan), ap@l egldgibbel n, THé uesHid tadrices oforchighe
| Tke. conductive elastic-layer 12 is represented by resistance
160 of the conductive elastic-layer 12. When the
photoreceptor layer is not marred by a pinhole, current
fed from the power source 60 flows into a capacitor 163
of the photoreceptor layer, through the resistor 160.
The voltage from the power source 60 has the same
polarity as for charging. A switch 161 presented by the
pinhole is in an off state, the capacitor 163 of the
photoreceptor layer retains charges therein.

When a pinhole is formed in the photoreceptor layer
153 by foreign material mixed thereinto or scratch, the
switch 161 is turned on. The voltage Va from the power
source 60 is applisd to across the gross resistance of
the charging circuit model, viz., the sum (Ra + Rb) of
the resistance (denoted as Ra) of the conductive
elastic-layer 12 and the resistance (denoted as Rb) of
the intermediate laver. The voltage shared by the
resistor 162 of the intermediate laver is denoted as Vc.
Then, we have

Vc/Va = Rb/(Ra + Rb),

Rearranging this eguation, we have

Vc = Va x Rb/(Ra + Rb).

If the pinhole is formed in the photoreceptor
layer, the intermediate layer will not be broken down so
long as the voltage Vc is below -the breakdown voltage
(denoted as Vb) of the intermediate layer. Under this
condition, the current (denoted as Il), restricted by the

sum resistance (Ra - Rb), is allowed to flow.
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FIG 13 schematically shows cross sectional views of nenber to be charged

.according to the present inven- tion. A nmenber to be chargeq15 ‘§h wn in
FIG 13(a) has a three-layer structure consisting of a condugtiiv iga,qﬁ 4 i
menber 51, an underlayer 52, and a diejgctric layer 53 as aLpH t brlécept of: L.

| ayer. A nenber to be charged 50 shown in FIG 13(b) has a two-I|ayer
structure in which a dielectric layer 53 is directly |ayered on the surface

of 29
When Vc > Vb, the intermediate layer is broken

down, and the current (denoted as I2) restricted by the
resistance Ra leaks. Since I1 < I2, an increased current
flows when the intermediate layer is broken down.
Accordingly, if va, Ra, and Rb are selected so as to
satisfy the following inequality

Vb, 2 |Vc|
hence, Vb| 2 |Va} x Rb/(Ra + Rb),

a voltage higher than the breakdown voltage will not be
applied to the intermediate layer even when a pinhole is
formed in the photoreceptor layer by foreign material
mixed thereinto or scratch. Accordingly, the
intermediate layer is not broken down and no leak current
flows. ©No voltage drop takes place, and neither a black
stripe nor a white stripe appears in the printed image.
Since no leak current flows after a pinhole is formed in
the photoreceptor layer, the pinhole will not grow, so
that the photoreceptor layer marred by the pinhole can be
used for a long time.

The application of the invention for an actual
image forming apparatus based on the electrophotography
system will be described. The charging member used in
the contact charging device of the invention is already
described with reference to Figs. ll(a) to 11(f). As a
matter course, the structure and the material of the
charging member are not limited to those described in

. connection with Figs. ll(a) to 1l1(f). For example, a
solid discharge member can be used, although it is used
in a noncontact fashion, that is, a gap of several um to
several tens um is kept between the surface of the solid
discharge member and the surface of the photoreceptor
layer. The resistance Ra is a resistance in the portion
ranging from the conductive support member of the solid

discharge member to the surface thereof.
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a conductive base nmenber 51, not using the underlayer 52 to be interlayered
t her ebet ween. The present inven- .tion is applicable for a vayi@ty (ofl menber
to be charged. The conductive base nmenber 51 is nade of anyjpﬂ?npﬁaliif
al l oy, carbon dispersed resin, netal7powder dis- persed resin, “and the

i ke. The nmetal may be any of iron, aluninum stainless, brass and the

i ke. The underl ayer 52 may be a netal oxide filmnmade of any of anodi zed
aluminum (Al[err](err]), silicon oxide, boehmte (AAQOH)), silicon

nitride, silicon cawai dad and thetti ke, t9E Fdd M vare MUY icHargehgct ed
from anong those materials of the group a), and a material selected from
anong t hose of"YMREIgr oups c)-1toc)-3. The dielectric layer 53 is a
phot or ecept or jljayer Te@NrekakBaife s OiGAN KvdFsd RPrEiPdr tilteiaQCc @bdugbi ve
mate- rial or made of a matrial exhibifting electrigcal insulation property,

which is sel eG@BFFLoRFEROSE FBBFIAFEIRT BERPYF dTi! §he qleadrede-one
phot orecept or | ayer Thengileterodes Vof | @yEfsrertt iaiede W@akebrouatit! aues (CAL)

and a charge Eﬁgﬁgk%rwkg egthTL It is of a called function
t surface of the charging member.

resistance between the conductive base member and the
electrodes were measured. The measured values of
resistance were plotted with respect to the sizes of the
electrodes. The fact that the resistance is not
inversely proportional to the contact area of the
charging member with the electrode, was confirmed £rom
the graph.

Fig. 20 shows a graph showing the area dependency
of resistance of the charging member and a graph showing
the area dependency of resistance of the intermediate
layer of the photoreceptor drum. In each of these
graphs, the abscissa represents common logarithmic values
of the electrode area S (mm?), while the ordinate
represents common logarithmic values of resistance R (Q).
In the graphs, a characteristic straight line (A)
indicates a resistance of the charging member. A
characteristic rectilinear line (B) is representative of
resistance of the intermediate layer. The straight lines
(B) in Fig. 20(a), (A) in Fig. 20(b), and (B) in Fig.
20(b) are inclined at -1. The resistance is inversely

. proportional to the area. Accordingly, when the
electzode area is 1/10,000, the resistance values is
increased 10,000 times. The straight line (A) in Fig.
5(a), having an inclination of -0.75, shows that the
resistance is not inversely proportional to the area.
Accordingly, when the electrode area is 1/10,000, the
resistance values is increased only 1000 times. The
characteristic of resistance of the charging member with
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separation type. Another photoreceptor |ayer consists of a single layer in

whi ch a charge generating material (CGW and a charge transfer e wal p
(CTM are dis- persed and conpatibilized therein. A protecting{j gye B,
necessary, is |ayered thereover. lygis evident that the structure o‘f thé'
menber to be charged is not limted to the structures illustrated in FIG

13, and the materials constituting the nenber to be charged are not limted

to those referred to above. An inmge form ng apparatus incorporating a

contact char gifespew o aheordntgctoatbe ﬂeps&ﬂﬁ bnvens i eavgidg be

descri bed. An_i.mage aratus sc | cal vvn | N FI G 14 uses
SHof £Eacan .t

a charging nme S11ta) 24 dm3 ﬁﬁﬁ% Tt ed as
shown in FIG thHi(s3) it st kiiffeehadi ﬂenpreﬂhetchmegrmmm ofs st ruct ed
so that its resistance R neasured by the nethod sho in Fl 10 satisfies
any of the foﬁﬁﬂaaé:o(ré')e,sPFf%)mgngo(%7§’mh° @? Vgc]) A3 Hard® 50
consi sts of axgsistwdede of one contact area. Therefore, the

resistance of the charging member is measured by using

the electrode of the area corresponding to the pinhole.

Particularly for measurement of the charging member of

high resistance, it is difficult to measure the

resistance using the electrode cf a minute area. For

this reason, the resistance of the area corresponding to

the pinhole may be predicted in a manner as shown line

(A) in Fig. 20(a) that the resistance is measured using

the electrodes of different sizes, a straight line is

drawn in the logarithmic graph.

Again, it is necessary to directly or indirectly
examine the resistance of the charging member and the
intermediate layer when the area of the contact electrode
corresponds to the pinhole, and to use the results for
the resistance Ra or Rb.

ii) Resistance depends on current (or voltage)

Resistance between the conductive base member and
the electrode was measured in a manner that the electrode
was brought into contact with the charging member, and
current or voltage applied was varied. A relationship
between the currsnt or voltage and the resistance was

_plotted in a graph. The graph showed that the resistance
values of most charging members depends on the current or
voltage.

Fig. 21 shows a graph for explaining the current
dependency of resistance of the charging member. The
abscissa represents current values when current flows to
the charging member, while the ordinate, common
logarithmic values of resistance of the charging member
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t ubul ar conductive base nerber 51, an underl ayer 52 | ayered thereon, and a
dielectric layer 53 as a photore- ceptor |ayer |ayered on the underayer 52.
In response to an inmage formation start signal, the nenber to bey 1| 0 : °
REPLACEMENT SHEET 9 30 charged 50 star{#sggt{) S
rotate at a preset speed in the tion of an arrow Wunder drive of a drive
means, not shown. At this tinme, a roller 12 of a contact chargi ng device 30
turns following the rotation of the nenber to be charged 50. During the

rotation of thasethaupuimeentiig.a 23gank shakes apgaaphi Bhawgag, anhi ch is

conti nu- example where the resistance depends on the current. As
shown, where the current is small, the resistance is
large and vice versa. Accordingly, in measuring the
resistance of the charging member, the current density in
the contact area between the charging member and the
electrode when those come in contact with each other must
be substantially equal to the current density (denoted as
pi) when the breakdown voltage is applied to the
intermediate layer.

Fig. 21(b) shows a graph showing an example where
the resistance does not depend on the current. Some
types of charging members have not the current dependency
of their resistance. Accordingly, those members exhibit
constant resistance if the current fed thereto varies.
The current value may be properly selected for measuring
the resistance of those types of charging members.

For the reasons i) and ii) above, the resistance of
the charging member will be measured in the following
methoed.

A charging member is brought into contact with the
electrode of a small area corresponding to the pinhole.

A load per unit area for the contact is substantially
equal to that when the charging member is brought into
contact with the photoreceptor layer for charging the
latter. The current density in the contact area between
. the charging member and the electrode when those come in
contact with each other is substantially equal to the
current density pi when the breakdown voltage is applied
to the intermediate layer. The resistance is calculated
using the voltage and current applied to the charging
member. Our study teaches that the size of the pinhole
ranges from ¢0.05 mm to ¢élmm, the minute area
corresponding to the pinhole is 2 x 107 mm?
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"ously forned therebetween, thereby charging the sur- face of the nmenber to
be charged 50 to a predeterm ned potential (e.g., -600 (V)). , Ln the
contact charging device 30, a power source 60 applies a voltageﬁtﬁ @he >
conductive base menmber 11 of the chargjjng menber 10, and a prieéssi hgimeans
61 presses the roller 12 against the menber to be charged 50. The vol t age
applied to conductive base nenber 11 to charge the nenber to be charged 50
to a predeterm ned potential may be DC voltage (DC current) or voltage

formed by supejpostdibdife MR 12099000 5DemY OkbagemmT he-vasspiond ipgl @bi ty i s
determ ned in accordance with the characteristics.of the used photoreceptor
| ayer. Li ght®BMenitted froma latent i mage form ng means, not shown,

forms a latent imagepnemingle G@HE8EE0NEGet 00BNt haBEROOIreiefidYididn
docunent, on the nmenber to be charged 50. Toner_srpplled froma devel opi ng
means 32 is el®dde falqnganic &t dACEARBLIENBAFGTEAL - | nHR VIPEIR Mfenber to

be charged 50,n$QAAl ddie Heal@t ok BHBdESed aluminum (Al1,0;),
boehmite AlO(OH), amorphous silicon oxide, amorphous
silicon nitride, amorphous silicon carbide, and the like,
The organic material may be any of polyvinyl alcohol,
polyvinyl methyl ether, polyvinyl butyral, ethyl
cellulose, ethylene acryl acid copolymer, gelatine,
maliec acid copolymer, polyurethane resin, epoxy resin,
alkyd resin, polyester resin, silicone resin, phenol
resin, and the like. A resistance control agent, if
necessary, is dispersed or compatibilized into the above
resin. The resistance control agent may be any of the
following materials: aluminum, copper, nickel, silver,
iron oxide, tin oxide, antimony oxide, indium oxide, zinc
oxide, titanium oxide, aluminuﬁ oxide, barium carbonate,
calcium carbonate, copper iodide, carbon black,
conductive copolymer and the like.

We found that the resistance of the intermediate
layer also depends on the current (or voltage).
Accordingly, the resistance of the intermediate layer is
set at the resistance thereof when it is under the
voltage applied thereto. As already described, the
resistance of the intermediate layer is substantially

. lnversely proportional to the electrode area.

As seen from the foregoing description, the
resistance Rb and Ra in the inequality,

iVb} 2 }va} x Rb/(Ra + Rb),
must be the resistance (denoted as Rbb) of the
intermediate layer and the resistance (denoted as Raa) of
the charging member in a supposed minute area thereof

corresponding to a pinhole, respectively.

—_—
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transforned into a toner image. The toner image on the nmenber to be charged
50 is transferred onto a trans- ferred-i mage recording nmedia 33 noving in

M
L

‘the direc- tion of an arrow by neans of a transfer neans 34. Thelt 1~
transferred image is fuzed and fixed gn the transferred- inagejrecbridi ng
media 33 by a fixing neans, not shown. Toner left on the member to be -
charged 50 after the transfer step is renoved by a cleaning nmeans 35, and

i f necessary, is exposed to discharging light 36 emtted froma |ight
source, not shown, fkncqmdmnglgg rtaeDeahdotioeshétiato Chssle. ddVrt aimear ds, the

menber to be c &g& rged again to a predeterm ned potential by
t he cont act chgﬁglngtg%V|ce %rgﬁgpreparation for the subse- quent

el ect r ophot ogr aphi ¢ pidcesgva | Ehﬁbbﬁ(&aa #NRigle) f or m ng. neagEo yray be

constructed by a kn ns uch aser o tlcal sten1 LED and LCS.
The devel opi ng neans ~32 _ylEe aﬁec }036 worTH qﬁﬁﬁhé¥} B8ush

devel opi ng nears,imagendogming apparatus lncorporatlng a contact
charging device according to a specific embodiment of the
present invention. 1In a photoreceptor member 150 as a
member to be charged, an intermediate layer 152 is formed
on a conductive support member 151, and a photoreceptor
layer 153, made of organic or inorganic photosensitive
material, is formed on the intermediate layer. The
photoreceptor member 150 is charged by a charging member
10, such as a charging roller or a charging blade,
constructed as shown in Fig. 11. Then, the charged
photoreceptor member is exposed to light 171
corresponding to image information, emitted from a light
source, such as a laser device or an LED. The result is
the formation of a latent electrostatic image pattern,
with gained potential contrast. A developing unit 172
covers toner 173 as image forming material to develop the
electrostatic image pattern. A transfer unit 174, such
as a transfer roller, transfers a toner image pattern
onto a printing paper 175. The transferred toner image
is then fused and fixed on the printing paper 175 by heat
and pressure, not shown. In this way, a desired image is
printed on the printing paper 175.

The results of re-studying the condition not to

break down the intermediate layer (or the underlayer)
will be described in detail.

<EXAMPLE 13>
A photoreceptor member was used for the member to
be charged. The photoreceptor member was structured such

that an anodized aluminum layer as an intermediate layer
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31 ponent magnetic brush devel opi ng nmeans, a-one-com ponent junping
devel opi ng means, a one-conponent press-contact devel opi ng ngams.; and the
l'ike. The toner as develper is particles of 5 to 20 ([err]n)q nadenof '
bonding resin, such as polyester resiga and styrene acrylic rgstn! ~in
which coloring material is dispersed. If necessary, surface actlve agent
(di spersion agent), charge control agent, offset resistance agent, filler,
fluidity inproving agent is externally or internally added to the bonding
resi n cont ai ni Hgscébomedgongentontiwpeinse supmEi menbeer magler biice active

agent is nEtala§9ﬁ9nuﬂ9|Xﬁ&hglﬁﬁgiéﬂééggtor layer was formed thereon.
The same photoreceptor members were used in experiment
conditions 1 to 10 in EXAMPLE 13. To set up the
breakdown voltage of the anodized aluminum layer, the
aluminum support member was earthed, and a voltage of the
same polarity as the charge voltage was applied to the
surface of the anodized aluminum layer for one minute.
The highest voltage within which the underlayer is not
broken down was used as the breakdown voltage of the
anodized aluminum layer. The area S of the electrode
brought into contact with the anodized aluminum layer was
6.15 (mm*), and the load per unit area was 1.63 (g/cm?)
(gress load : 1000 (g)). The breakdown voltage of the
anodized aluminum layer was -300 (V)}, and the current was
approximately -100 (pA) under this voltage. The current
density pi in the contact area thereof with the electrode
was 0.16 (pA/mm’). The measurements were carried out 30
times. [(average value) + (3 x standard deviation)] of
the resistance, or Rb, of the anodized aluminum layer was’
4.3 x 10° (Q). By changing the area of the electrode,
the resistance of the anodized aluminum layer was
measured. The result was that the resistance of the
anodized aluminum layer was inversely proportional to the
area. The resistance Rbb of the anodized aluminum layer
was 4.3 x 109 (Q) where the pinhole area is 0.061 (mm")
. (corresponding to 0.28 (mmd)). The current density pi
was set at the same value as above (0.16 (pA/mm?)).
A charging member 10 is as described referring to
Fig. 1ll(a). A roller used was constructed such that a
conductive elastic-layer 12, made of solid, conductive
polyurethane, was layered on the conductive base member
11. The measurement was conducted in the following

manner. The electrode was brought into contact with the
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or the Iike. The charge control agent is electron accept- abl e organic
conpl ex, chlorinated pol yester, ni- trohum c acid, quatergary ammoni-um
salt, pyridinium salt or the like. The offset resistance ggent, s, for
exam pl e, polypropylene. The fillegyis, for exanple, tal¢. The~™ = °

fluidity inproving agent is SiJerr], Tierr], or the like. The toner is
uniformy m xed and di spersed within the de- vel opi ng unit, and charged
to a predeterm ned poten- tial. Wthin the developing unit, it may be

mxed with  GAIFdaRiES ofl REheol eYs! Satndeypbopgest . tide Ghanggpol ar- ity
of toner is n%?atlve in a state that the charge polarity of the nmenber to
be charged 50 9=PUsdFatlinge. contpgttvhERfERe né%ﬂ%elséﬁl?mf)ﬂ% wasa s 1Sor

el ectrostati- (mnfdl | ¥ndrensf B3dd Hert MG itORGea FRYC 1 .3YCgAen® Q%éﬁﬁ%
charging neans or a contact transfer device. The clean-~ 1ng ans 35 may
be a bl ade cl d@#dhg APA8s (g0 )a fTire cwrxemt cfehmas arpueximatelygD-LAGp nay

be used for (thg di %QaEQE:EQnU&éHs?'@xI pil NEn Hrie NN 1Rt tﬁ@r'bgfnm
essential to the 'inmage formation. I'm this way, an image is formed on the
h the electrode was 0.16 (pA/mm*), which was equal to

transferred- wWith ¢
that when the breakdown voltage was applied to the
anodized aluminum layer. The resistance Ra was 1.7 x 10°¢
(). By changing the area of the electrode, the
resistance was measured. The result was that the
resistance of the roller was inversely proportional to
the area ((A) in Fig. 20(b)). The resistance Raa was 1.7
x 10** (Q) where the pinhole area is 0.061 (mm?)
(corresponding to 0.28 (mmd)). The current density pi
was set at the same value as above (0.16 (pA/mm*)).

Ten number of rollers were prepared for EXAMPLE 13,
and used for the experiment conditions 1 to 10 in the
exampie, one for one. The resistance values of the
rollers are sterwise increased as the column number
increases. These resistance values are shown in Table
13. This table tabulates the experiment conditions 1 to
10 in EXAMPLE 13 and the results thereof in a
corresponding manner.

From our study, we knew the fact that the voltage
for charging the surface of the photoreceptor layer to a
potential depends on the resistance of the charging

. member. Hence, the voltages to charge the surface of the
photoreceptor member to -600 (V) were set as shown in
Table 14.

The results of an experiment where the roller was
brought into contact with the intermediate layer without
interlaying the chotoreceptor layer therebetween, will be

described.
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i mage recording nmedia 33. The resistance val ue R of the chargi ng nenber
used in this enbodi nent, which is neasured by the nethod of FIkG: 10,.
satisfies the formula (8) (13) or (17). There- fore, the |nag forned i's
free fromthe black stripes and detergsorati on of the charglng'nénbeh -Hi: gh
quality images can be reliably produced. An i mage form ng appar at us

I ncorporating a contact transfer device according to the present invention
wi |l be described. An i mage form ng apparatus schematically shown in FIG

15 uses a transfer mapeng@y)SheWa kRokkGsed2{anadndiéw "Eideing & be charged
as shown in FIG, 13(a In

scheme of an experiment for checking as to whether or not

the intermediate layer is broken down by application of

the voltage.

A stuff tube 155 is constructed such that an
anodized aluminum layer as the intermediate layer 152 is
layered on the conductive support member 151. The
construction thereof is the same as that of the
photoreceptor member 150 except that the photoreceptor
layer is not used. A voltage was applied to the roller
being pressed against the stuff tube for one minute under
the condition of the combinations of the roller
resistance and the applied voltage shown in Table 13.

Vcc represents a voltage shared by the intermediate
layer where the contact area between the charging member
and the intermediate layer is very small. As seen from
the comparison of the voltages Vb and Vcc shown in Table
13, the conditions 1 to 4 in EXAMPLE 13 do not satisfy
the inequality (20). In the combinations of the
conditions 1 to 4 in this example, the intermediate layer
was broken down (in Table 13, this state is indicated by
“x" in the column "Ancdized aluminum layer breakdown").
The combinations of the conditions 5 to 10 in EXAMPLE 13
satisfied the inequality (20). The intermediate layer
was not broken down {this state is indicated by "0O" in
the column "Anodized aluminum layer breakdown").

A measurement in which the photoreceptor member 150
with a photoreceptor layer as in an actual case is used,
the charging member 10 is pressed against the
photoreceptor member 150, and a preset voltage is applied
from the power source 60, will be described. The
peripheral speed of the roller was equal to that of the

photoreceptor member.
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32  this enbodinment, the transfer nenber is constructed so -that its
resi stance R neasured by the nethod shown in FIG 10 satisfigs_.any_of the

formulae (8), (13) and (17) A nmenber to be charged 50 con3|$13 oT ‘af
gr ounded. t ubul ar conducti ve base er 51, an underlayer 82it ! Iayered
" thereon, and a dielectric |ayer 53 as a photore- ceptor layer |layered on

the underl ayer 52. In response to an image formation start signal, the
menber to be charged 50 starts to rotate at a preset speed in the direc-

tion of an arrow W upderodri \teoﬁé 8 €51 ye ettt 3 &Nt sHhessy face

of the menber to be charged 50 charged to a predeterm ned potential by
means of a  CHE dinRIuRddty 3?0 L| gﬁ?c@lo%n?}i? eﬁpﬁ%ﬁ’ﬁ FastRERssed npge
form ng neans, Mns’%h%%hoft%&:géeﬁtbﬁt'ﬁé&ﬁbéﬂaﬂ? whidhi £ HerEdesFondest 0 an

i mage on an original doCu- ment, on the nenber to be charﬂg 0 Toner

supplied  fr ol Jdei@s éﬁﬁﬁﬁdnéﬁnsh%znmm%‘iﬁp?% layemiat

of 1000 (g) (the load per unit area is equal to that in
the resistance measurement). The currents leaked at the
pinholes. Poor charge occurs over the entire range of
the nip between the roller and the photoreceptor layer.
Black stripes appeared on the printed images at the
rotation periods. The image quality was remarkably
deteriorated. Acccrdingly, the column "Black stripe" in
Table 13 was marked with “x". Before print, the parts of
the anodized aluminum layer right under the pinholes were
not broken down. After print, these parts were broken
down and the resistance therein being remarkably reduced.
The condition 4 in EXAMPLE 13 does not satisfy the
inequality (20). Aas in the case of the conditions 1 to 3
in the EXAMPLE 13, the photoreceptor layers having
pinholes were used. The currents leaked at the pinholes.
When printed, the printed images suffered from black dots
in the initial stage, but the image quality was
satisfactory. Continuing the printing, the black dots
grew. After 200 sheets of prints, black stripes appeared
in the images at the rotation periods. Deterioration of

the image quality was remarkable. Accordingly, the

" (1]
.

column “Black stripe" in Table 13 was marked with "x
_Before print, the parts of the anodized aluminum layer
right under the pinholes were not broken down. After 200
sheets of prints, the pinhole of the photoreceptor layer
was enlarged to have the diameter of ¢l mm, and the
anodized aluminum layer was broken down.
The conditions 5 to 10 in EXAMPLE 13 satisfy the
inequality (20). As in the case of the conditions 1 to 4

in the EXAMPLE 13, the photoreceptor layers having
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on the menber to be charged 50 into a toner inage. The toner image. on the
nmenber to be charged 50 is trans- ferred onto a transferred-i mge
recordi ng medi a 33 moving in the direction of an arrow by neans ef-a.
contact transfer device 40. The tran$berred inmage is fuzed aﬂd ftxed on
the transferred-i mage recordi ng medi a 33 by a fixing neans, not show.

In the contact transfer device 40, a voltage opposite I n polarlty to the
charge polarity of the toner, is applied froma power source 62 to the
conductive baﬁnmietrber wer@lused\ prmsdmg:efﬁfmsleﬁﬂcqm aa:setsmeapﬁﬁndmgh Lve

R R L N e
Toner |eft ondohks rrbﬁ‘uethéoub)aag@harag]ﬂctﬁﬁafafzmmamsmerea:rssbér peiapsi s

gt 86 om ¢ S5 Bl TERRER >, e USSP IR oyl DEIRR Befh gl ol v
resi dual charge. TAbller 1Arwiss mdwkediath t'c"he @faeged@05000s shlaatgedfagal n
to a predeterg negse Eﬁg_anodized aluminum layer was not broken down.

The resistance of the rollers used in EXAMPLE 13
did not depend on the current, and was substantially
inversely proportional to the contact area between it and
the aluminum electrode. A load per unit area for
pressing the electrode against the charging roller was
nearly equal to that when the resistance Ra and Raa was
measured.

The resistance of the anodized aluminum layer was
also inversely prcportional to the contact area of it
with the electrode. Since this resistance depends on the
voltage, the applied voltage was set equal to the
breakdown voltage of the anodized aluminum layer in the
measurement. The current density pi was set at the same
value as in the measurement of the roller resistance.

Accordingly, the conditions 5 to 10 in EXAMPLE 13
satisfy the inequality (20) not only for the contact area
corresponding to ¢0.28 mm but also for the contact area
of $0.1 mm to ¢1 mm, while the conditions 1 to 4 in
EXAMPLE 13 do not satisfy the inequality (20), and it was
coincident with the result of print (black stripe).
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tial by t he charging means 37 in preparation for the subsequent

el ect rophot ogr aphi ¢ process. The charging neans nmay be a cogogf,caarging
means or a contact chargi ng device. During a period of time:itiil! the ;-
toner image on the nenber to be char 50 reaches a transfer positian, the

transfer nmenber may be cl eaned by chahgi ng the power
33 source to another by neans of a switch, not shown. In this case, the
polarity of the cleaning voltage is the sane as the charge polarity of the

t oner. Thetransfeﬁe%&&%mj—f-e&&bly rotated by
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means of a gear mechanism not the rotation of the nmenber to be charged 50.
In this way, an inmage is fornmed on the transferred- inage rechqﬁnp;$Egih :
33. The. resi stance value R of the transfer menber used in this A
enbodi ment, which is neasured by thggnethod of FIG 10, satisfies the
formula (8), (13) or (17). There- fore, the inmage fornmed is free fromthe
bl ack stripes and deterioration of the transfer nenber. Hi gh quality im
ages can be reliably produced. ~ Specific exanples of the present invention
wi ||l be describedlamlelet3, | . EXAMPLE 1 A charging

eI (RER L R S g s LR
each a tubul arVirenbedreakdusc valgadeobf3thentatetheddase staygr of a tubul ar
([orrm " hi cio® an KSR o6 FhgoPhaesang BeOPeEchtny TS 20
([err]m density in the contact area of it with the electrode is
equal to that when the voltage is applied to the
intermediate layer. The area is the entire nip area; 615
mm? )
Rb : Resistance of the intermediate layer (applied
voltage : Vb, area : 615 mm?)
Raa : Resistance of the charging member (the current
density in the contact area of it with the electrode is
egual to that when the voltage is applied to the
intermediate layer. The electrode area : corresponding
to ¢0.28 mm)
Rbb : Resistance of the intermediate layer (applied
voltage : Vb, electrode area : corresponding to ¢0.28 mm)
Vcc : Voltage applied to the intermediate layer, Vcc = Va
x Rbb/{Raa + Rbb}).

<EXAMPLE 14>

The experiments were carried out as in EXAMPLE 13,
except that some different components were used. The
different components are the intermediate layer of the
photoreceptor member and the material of the charging
member. .

The resistance of the intermediate layer was
adjusted by an organic polymeric substance. The
breakdown voltage of the intermediate layer was high,
-400 V. The current flowing through the intermediate
layer under this voltage was -400 pA (its contact area
with the electrode was 620 mm®’, a negative voltage was
applied to the electrode, and the conductive support
member was earthed.). The current density pi was 0.65
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thick of the function separation/negative charging type.

foamwi th carbon bl ack internally added thereto. The roller ig}sgefimi dafby
volume resis- tivity of 10[err] ([err]cm, Asker C hardness of 30

cel |l dineter of 200 ([err]m), and tBPckness of 5 (nm).

A) Menber A
The nmenber Ais a roller wwth a conductive elastic |ayer of an urethane

B) Menber B

menber Bis aroller with a conductive elastic |ayer of an open-cel

uret hane foamw th carbon bl ack internally added thereto.

The roll er

Ler{1))

N
i dt

he

type
i's

specified by volunme resistivity of 10[err]([err]cn), Asker C hardness of 26
([err]) cell diafensr Ghel@egferanead RY wae bubbl elpemithest Howkt arfd

(o kees O, StipsopRutii o UMY 15 o0 USRS

ethane r r with

conductive el as ayer of anu

added thereto.afea oblthe eleanedef,i ddebyesbstanceecwas- measurgd of The
10[err]([err]Cglsuf§KﬁgsCEHE¥W¥%%§§eQESQQnQEEBE]%heaﬂgtermediateoia§ﬁf'nn'

was inversely proportional to the area. The resistance

Rbb was 1.0 x 10 (Q). The current density

at the same value as above (0.65 pA/mm?).

pl was set

The construction of the charging member was

substantially equal to that of EXAMPLE 13.

The conductive elastic layer, unlike that in

EXAMPLE 13, was made of an open-cell type urethane foam.

The cell diameter measured by the bubble point method was

30 pum. Ten number of rollers were prepared as in EXAMPLE

13. The resistance values Ra when its contact area with

the electrode was 620 mm®>, are shown in Table 14. This

table tabulates the experiment conditions 1 to 10 in

EXAMPLE 14 and the results thereof in a corresponding

manner. The current density pi was set at the same value

as that when the breakdown voltage was applied to the

intermediate layer (0.65 pA/mm?). The resistance

characteristic of the roller, unlike that of EXAMPLE 13,

depends on the current when measured. The resistance of

the roller was not inversely proportional to its contact

area with the electrode. When the contact area is

reduced by four digits, the resistance was not increased

by three digits. Hence, the voltage ratios when the

. charging member ccmes in contact with the photoreceptor

member at small areas must be compared. To this end, the

diameter of the pinhole was set to about ¢0.

28 mm (its

area : 0.061 mm?). the roller resistance was predicted

on the basis of the area dependency of the resistance by

the method as referred to above. The resistances having

an area of 0.061 mm’, denoted as Raa, are shown in Table

14. The current density pi was adjusted so as to be the
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34 D) Menber D The menber Dis aroller with a conductive el astic

| ayer of a silicon foamw th carbon black internally added tﬁﬁ ﬁt? ﬁvql g
resistivity: 10[err]([err]cm)). A nylon heat shrinkage tube wi't "'ﬂ'
perchlorate internally added thereto (volune resistivity: 5X :
10[err]([err]cm and thickness: 50 err]nm) is fit to the roller with the
conductive elastic |ayer |ayered thereon (Asker C hardness of 60 ([err]),
and thickness of 5 (mm. E) Menber- E

same value as above (0.65 pA/mm’). The remaining
measuring conditions were substantially the same as those
EXAMPLE 13. In Table 14, the voltage Vc was calculated
using the resistance Ra and Rb, and the voltage Vcc was
calculated using the resistance Raa and Rbb.

The results of an experiment where the roller was
brought into contact with the intermediate layer without
interlaying the photoreceptor layer therebetween, will be
described.

A voltage was applied to the roller being pressed
against the stuff tube for one minute under the condition
of the combinations of the roller resistance and the
applied voltage shown in Table 14. As seen from the
comparison of the voltages Vb and Vcc shown in Table 14,
the conditions 1 to 6 in EXAMPLE 14 do not satisfy the
inequality (20). 1In the combinations of the conditions 1
to 6 in this example, the intermediate layer was broken
down (in Table 14, this state is indicated by "“x" in the
column "intermediate layer breakdown").

The combinations of the conditions 7 to 10 in
EXAMPLE 14 satisfied the inequality (20). The
intermediate layer was not broken down (this state is
indicated by "©" in the column "intermediate layer
breakdown").

The results of an experiment where the roller was
brought into contact with the photoreceptor member having

~ a photoreceptor laver as in an actual case, will be
described. '

In the conditions 1 to 5 in EXAMPLE 14, |Vb} <
1Vcc}, these conditions did not satisfy the inequality
(20). The conditions 3 to 5 in EXAMPLE 14 allows Vb| >
iVe} to hold, and hence satisfied the inequality, {Vb, 2
iVa| x Rb/(Ra + Rb). Each of the rollers was pressed
against a photoreceptor member in which a defect of 0.28
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The menber Eis aroller with a conductive elastic |ayer of a silicon foam
with carbon black added thereto (volunme resistivity: 10[err] ([err]jcm). A
nyl on heat shrinkage tube with carbon black internally added qgr yp f%?l- .
une resistivity: 5 X 10[err] ([err]Jcm) is fit to the roller wth fta et |, ﬁ L
conductive elastic |ayer |ayered the®éon (Asker C hardness of” i) [ r’r]'),“
and thickness of 5 (mm. F) Menber F. The nmenber F is a deck brush
usi ng regenerated cellulosic fibers with carbon black internally added
thereto (600 (D)/100 (F), 100000 (F/inch[err]), volune resistivity:

10[ err] ([err] cimme oriash foamgthinSthenphotbdebepsdr W sfdr: £ (YHD )load O

Menber G Th er is_a | yethylene film (vol yme resis- tivity:
10[ err] ([err]o(cafn) d (thi'ckﬁgsgge46°’(‘%bF+?’ﬁ)§,tcl’ o%lde’{t}‘? FYAEY S shown in
FIG 11(h)) anddkeckat whehpanhelesi nuPbbayeharyé Cbeeors avisr adidon bl ack
nternal 1y addeg {thetelgy o TenLREN" SetiSed OLAI- L FRLNM fohe 20 0D ect to
be

photoreceptor layer. Black stripes appeared on the

printed images at the rotation periods. The image

quality was remarkably deteriorated. Accordingly, the

column “"Black stripe" in Table 14 was marked with "x".

The peripheral speed of the roller was equal to that of

the photoreceptor member. Before print, the parts of the

intermediate layer right under the pinholes were not

broken down. After print, these parts were broken down.

From this, the fact that for the condition not to
break down the intermediate layer (or underlayer), the
inequality, or the inequality (20),

iVb} 2 |Va] x Rbb/(Raa + Rbb),
not

\Vb] 2 |va! x Rb/(Ra + Rb),
must be used, was confirmed.

In the condition 6 in EXAMPLE 14, !Vb! < !vcc!,
this conditions did not satisfy the inequality (20). As
in the 1 to 5 in EXAMPLE 14, the photoreceptor member
having a pinhole was used. The currents leaked at the
pinholes. When printed, the printed images suffered from
black dots in the initial stage, but the image guality
was satisfactory. Continuing the printing, the black

, dots grew. After 200 sheets of prints, black stripes
appeared in the images at the rotation periods.
Deterioration of the image quality was remarkable.
Accordingly, the column "Black stripe" in Table 14 was
marked with "x". Before print, the parts of the
intermediate layer right under the pinholes were not
broken down. After 200 sheets of prints, the pinhole of
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measured was cut out into a block or sheet as a test piece, and was ;
measured by a high resistivity nmeasuring nmeter (for exanple, H RESTA IP :
(manufactured by Mtsubishi Yuka Co, Ltd.) in a state that 10 @7H3’aq-§; 3 :
plied to the test piece for one mypute. The .neasurenent was cérﬁiddﬂbqtﬁmﬂ l ‘
the NN environment (20 ([err]C) an 50 (%R)). OQtherw se noticed, the ]
subsequent neasur- nments will be carried out in the NN environnent.

Defects were intentionally formed in nenbers to be charged. Each of the

def ect narredefBNMBRE6EotScdStSPA[RG and 30K Rkd ke RRFECtReAdiofe¥Ere Set
to the inmage forn12%map aratus shown in FIG_  T4. Actuallx, | mages were
formed and st 8€e$lof™; sthge i termediatice d aYeFe e St PREKEReARERber was

replaced with In the conditions 7 to 10 in EXAMPLE 14, Vb, >
'Vvcc|] and the conditions satisfy the inequality (20). As
in the case of the conditions 1 to 6 in the EXAMPLE 14,
the photoreceptor layers having pinholes were used. No
currents leaked at the pinholes. When printed, the
printed images suffered from black dots, but the image
quality of 20,000 sheets of prints was satisfactory.
Accordingly, the column "Black stripe" in Table 14 was
marked with "¢". After 20,000 sheets of prints, the

intermediate layer was not broken down.
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35 anot her, the nenber to be charged was replaced with a new one. !
Defects of approximately 0.3 (nmferr]) or nore can be inspectigdfvisgally.
Accordi ngly, the nenbers to be charged suffering from such Ia'_?ggvéfeft f -
can be re- noved before used. Keeping this in mnd, the size of t i§ ,w} L
defect to be formed in the nenber to®be charged was set to 0.3 (mmerr])

(area was set at 7 X 10[err] (cnferr])) as the critical size by the visual

i nspection. Two types of de- fects were forned: one is a called pinhole
(defect of the type passing through the underlayer as well as the pho-

toreceptor |ayer) andltfﬂe othef_[sfaldgfgct ¢ he type destroying only
the photoreceptor |aygg ot }33@ 04 |He undelr | ayer). Bef ore an
experinent is conductpd)~d&l® Iht peng |3 © |°
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menber was set to the inmage form ng apparatus shown in FIG 14. Vbltage Va
and current |, necessary for charging a nenber to be charged

were neasured. The peripheral speed of the nmenber to be chargegilag
(cmsec). The results of the neasur- nent were Va=-1.16 (kV) and |I=-6
([err]A). The resistance R of th&4nenber was neasured by the resistance
nmeasuri ng nmethod shown in FIG 10. The current fed was -6 ([err]A), and
the netal electrode 110 was a tubular electrode of 3 (cnferr]) in dianeter
and rotated at the peripheral speed of 3 (cmsec). For the nenbers A to
E, the load of 1 (kgl)nvme@q@lmné@ﬁ ast mentpenedrabover ekt i3 zRmiirad t he

o toen t he AR (Ve HRed RENAE 4807 A heral ST bt v TR P!
results are shtmwusreW¥¢ﬂn£:Ehat —VafhelpIssentolaﬁﬁnth@nreéhﬁ|cted current
val ue of the p%‘%{sf%&’ffcﬁmv@ﬁa'n%loc(vinsriﬁlaélon-rgf EXRSL| FERhulLs, Sidrs are
al so shown in Table 1.
as the formulae (8) and (13) or all of the formulae (8),
(13) and (17), is allowed.
As described above, in a ccntact charge supply
device for controlling the charges, which are supplied to
a member to be charged by bringing a contact member
applied with an external voltage in contact with the
member to be charged, any of the following inequalities
holds
() log (R) 2 log {Rp x {(Va-Vt)/vt}
+ (a-8) x log (S/s) + vy x log (1i/I)
where ;Va; > |Vt)
(B) a - b2Va x 10%]j
where log (a) = log (R) + (B-y) x log (S/s)
- v x log (3j/I)
log (b) = lcg (Rp) + o x log (S/s)

-

(C) log {R) 2 log (Va x 10%/k)
+ (v-8) x log (S/s) + ¥ log (k/I)

In the above inegualities,

Va (V): voltage applied to a contact member in
contact with the member to be charged

I (pA): current flowing from the contact member to
the member to be charged

S (cm): contact area of the member to be charged
and the contact memper

R (R): resistance of the contact member when
current I (nA) is fed to an area corresponding to the
contact area S (cm-) of the contact member

v: current dependency of the resistance of the

contact member
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TABLE 1 Menmber R ([err]) Defect - Pinhol e q

10[err] Back stripe Bl ack stripe B 3 X 10[err] ﬁ@ F A
stripe Bl ack stri pe C 5 X 10[ err] Bl ack dot Bfacﬂ(! 2 !
D 2 X 10[err] Back dot Bl acks dot . E 1 X 10[err] Black
stripe Bl ack strip F 6 X 10[err] Bl ack dot Bl ack doc

G 6 X 10[err] Black dot Black dot

36 As seen from Table 1, states (black stripes or black

1-B: area dependency of the resistance of the
contact member

s (cm?): area of a defective part of the member to
be charged

Vt (V): breakdown voltage of an underlayer

i (pA): current flowing into an area of the
underlayer corresponding to the contact area S (cm?) when
a voltage, slightly lower than the breakdown voltage Vt
(V), is applied to that area

Rp (f): resistance of the underlayer when the
current i (uA) flows into the an area of the underlayer
corresponding to the contact area S (cm?’) when a voltage,
slichtly lower than the breakdown voltage Vt (V), is
applied to that area

j (nA): current allowed to flow into an area of
the underlayer corresponding to the defective part area s
(cm®)

k (pA): current allowed to follow into a defective

part of the member to be charged.

l1-a: area dependency of the resistance of the
underlayer.

The contact charge supply device according to the
present invention includes a contact member which
contacts to the member to be charged and to which a
voltage is applied. The contact member may be the
charging member, transier member, contact type developing

. member, contact type cleaning member and a member for
disordering a developer remaining on the member to be
charged, as described above. Where the contact member
satisfies the foregoing formula, the device would not
suffer from problems in image defect or any deterioration
of the contact member even though the member to be

charged has a defect or pinhole.
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dots) of images forned by using the photoreceptor |ayers marred by defects
and pi nhol es have no connec- tion with the resistance val ue? fat he ,
menbers. In the case of the inmages containing only black dqt sﬁ r'zﬁcgﬂbé ,

consi dered that a neasure has been taken to solve the pinhole pr A1 L

Fromthis, it is seen that the conventional neasure of increasing the

resi stance of the nenber or the volune resistivity of the nenber, and the

measure of construct- ing the menber in tie nultilayered structure fail to

sol ve the pinhol e problens. To confirmthe effects of the invention, the
foll ow ng neasurenents were conduced. A test piece was con- structed in

vas formed on & oopareets Breridn B8 AR SniBally ol af rélsbrh el
wer o measur ot P AP BN ARm AR Coeh BRI BT GE LR ol & L BRoRCEIREY

\fm !J(rjI ﬁc e of tfiRr #ihe PROAXES oI BTerSuftérsitdth ‘irdel”e\:t.( ARESBRBR Pobciafye! Ne TP

phenomenon, shaped like a stripe, will never take place. The printed image has a high
quality. The contact charge supply device of the invention is free of the destruction of
the contact member and the electric circuit by the overcurrent. Thus, the contact charge
supply device of the invention is highly reliable.

The aforegoing description has been given by way of example only and it will be
appreciated by a person skilled in the art that modifications can be made without

departing from the scope of the present invention.
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3 (mMm). The neasurenent results were: WVt (breakdown voltage)=-300 V and Rp

(resistance)=2X10[err] ([err]). Accordingly, .

-300/ (2X 10[err]) =-150X 10[err]= -150 ([err]A). The area depéndantqj { r

resi stance of the underl ayer was neasurgg. The el ectrode area was set 1nf t:
5

f our Ievelg;ng§*§Eglg£LllL_;Lcn{err]), .5 (cnferr]), and 0.1 (cnferr]).
The current nsi : was

{-300/ (2x 10“&“”1! u ﬂm lm 2X 10[err]-22. was ([err]A/cnierr]).
Measur ed val FIG 3, v%ﬁﬁ@ﬁmsotted on a graph of which the

absci ssa represents a logarithmc value of the area and the ordinate, a
| oga- rithmc value of resistance. Connection of the neasured val ues forned
a straight line inclined at -1. Therefore a=1. The, a pinhole of 0.3

(mierr]) was formed inaa g)1gﬁgr | nt val ue
wi thin which no furgher c?ﬁg&C(:aér)rgfnrtlél‘g~ t%he plyg%vg%g% Qr?gr églrc;@rﬁﬁﬂﬁ
deter|oratlonG@mtﬁﬁdln@@béhepﬁbﬁfé%%esﬂhhﬁh;aﬁﬁisﬁﬂpkyﬁd to a member

to be charged by bringing a contact member applied with
an external voltage into ceontact with the member to be
charged, which at least includes an underlayer,
characterized in that the following ineguality holds

log (R) 2 log {Rp x (Va-Vvt)/vt}

+ (2-8) x log(S/s) + v x log (i/I)

where |Va| > [Vt

Va (V): voltage applied to a contact member in
contact with the member tc be charged

I (pA): current flowing from the contact member to
the member to be charged

S (cm"): ccatact area of the member to be charged

and the contact member
R (Q): resistance oif the contact member when

current I (pA) is Zed To an area corresponding to the

contact area S {(cm) of the contact member

v: current dependency of the resistance of the
contact member

1-B: area cependency of the resistance of the
contact memper

s {(cm"): arsa of a defective part of the member to

. be charged

Vt (V): breakdown voltage of the underlaver

i (MA): current flowing into an area of the
underlayer corresponding to the contact area S (cm") when
a voltage, slightly lower than the breakdown voltage Vt
(V), is applied to that area

Rp {Q): resistance of the underlayer when the

current i (nA) flews into the area of the underlayer

This Sheet Has Been Replaced

[T




37 The current -was_gradually increased whil e observing stgtzf of the .

i nhol e and the ne : ¢y at whi ch the pinhol'e staﬁttitofbgoﬁg |
![Dhe current at whi EHHI]E&!EHM}H% on of the nmenber starts was: neds reﬂfﬁ L
e nmenber sA constant cur- rent was fed for 30

The menber used was *t ( ( _
mnutes. As a result, no enlargerment of t#8 pinhole and no deterioration of

the nmenber were observed till the current is increased up to -3 ([err]A).
Accordingly, k=31 3([err]A). Since the breakdown voltage VWVt of the
under| ayer is corresponding to the contact area S (cm®) when a voltage,

L.

slightly lower than the breakdown voltage Vt (V), is
applied to that area
l-a: area dependency of the resistance of the

underlayer.

2. A contact charge supply device for controlling
the charges, which are supplied to a member to be charged
by bringing a ccntact member applied with an external
voltage intoc contact with the member to be charged, which
at least includes an underlayer, characterized in that
the following ineguality holds

a+b2vVa x 109/

where
log (a) = izg (R) + (B-v) x log (S/s)
- v x log (3/1)
log (b) = log (Rp) + a x log (S/s)

in the above ineguality,

Va (V): wvoltage applied to a centact member in
contact with the member to be charged

I (nA): current flowing from the contact member to

the member to be charged
S (cm’): contact area of the member to be charged

and the contact member

R (Q): resistance of the contact member when
current I (rA) is fed to an area corresponding to the

. contact area S (cm-) of the contact member

v: current dependency of the resistance of the
contact member

1-f: area dependency of the resistance of the
contact member

s (cm°): area of a defective part of the member to

be charged
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-300(\0 |\¢| <|Val|. To take a neasure for the pin- hole problem either of
mist be satisfied. To take a neasure to{quv qﬁ

the fo
?2%”6!?{)” ”°mifllll§4dllﬁ WHRRN cre cunpent il ging inee tseo;'?[em,»:; '

<| -3 ([err]A]|. Thi's current cannot en arge the defect of the
phot or eceptor | ayer. The area dependency 1-[err] and the current depen-
dency [err] of the resistance of the members A to G were neasured. In
measuring the area defpAdencyuntenthe letnid tedilowariodo aheagkecofode area
was set in fouk .l 5.L¢ (c nd 0.1
(cmerr]). Thg hc?u?l}‘g%? l%?ﬁgl C&‘%gi%%ln% é%ﬁ evé)ﬁse:Ct ??06%%: S’Gé%éa g‘
10[err])}/ 6. 79=mdp. 2X 10[err] [-22.2 ([err]ﬁVcn{err])] and {-3X
10[err]/7X 10[err]) X 10lerdd ] yyEOr the
respective current genggfles é%ﬁ%ﬁﬂﬁﬁwf ues mere9%#o$?bé on a graph of
whi ch t he ab- caciresa Ueprﬁéen(sAp.ﬂquﬁlnnﬂn(anuﬂnﬂa @ﬁ tthe andaraagerhe

corresponding to the contact area S (cm‘)

l-a: area dependency of the resistance of the

underlayer.

3. A contact charge supply device for externally
controlling the charges, which are supplied to a member
to be charged by tringing a contact member applied with
an external voltage into contact with the member to be
charged, characterized in that the following ineguality
holds

log (R) 2 lcg {Va x 10°/k) - (y-B) x log (S/s)

+ v x leg (k/I)
where

Va (V): voltage applied to a contact member in
contact with the member to be charged

I (pA): current flowing from the contact member to
the member to be charged

S {cm®): contact area of the member to be charged
and the contact member

R (Q): resistance of the contact member when
current I {pA) is Zed to an area corresponding to the

., centact area S (cm) of the contact member

v: current dependency of the resistance of the
contact member

1-B: area dependency of the resistance of the
centact member

s (cm*): area of a defective part of the member to

be charged
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~ordinate represents a logarithmc value of resistance, as shown rx--__,F§C§I C
An incIinaLLeﬂ~e%*aﬁmnﬁmTET line formed by connecting the'neasﬂ}égyygiu oL
i

and hence [l i 'tﬂ d. I n measuring the current dependerc e
nenber resiﬁlmumm ‘!iﬂ

i,
rode area Y@ set at 675 (cnferr]), and the

current denstty* wads Set in four levels?"-0.1 ([err]A), -1 ([err]A), -6
([err]A), and -100 ([err]A). The neasured values were plotted on a graph of

whi ch the abscissa represents a |logarithmc value of the current and the
ordi nate represents ¥ (Hhay i tawirentapbéowedr 88i Sobhae, into shalefdatiMeG 5.

An inclination,of, 8 St{13 gﬁgénﬂéngf BeMeHabkyedoOnnecting the nmeasured val ues,

and then [err]” were obtal ned.

4. A contact charging device for éxternally
charging or discharging a member to be charged by
bringing a charging member applied with an external
voltage into contact with the member to be charged, which
at least includes an underlayer, characterized in that
the following inequality holds

log (R) 2 lcg {Rp x (Va-Vt)/vt}

+ {=2-8) x log (S/s) + y x log (i/I)
where |Va| > |Vt|

Va (V): voliltage necessary ior charging or
discharging the member to be charged to a predetermined
surface potential 7s (V)

I (MA): current necessary for charging or
discharging the member to pe charged to a predetermined
surface potential Vs (V)

S (cm"): ccatact area of the member to be charged
and the charging ~ember

R (f): resistance of the charging member when
current I (pmA) is Zed to an area corresponding to the
contact area S (cm) of the charging member

v: current dependency of the resistance of the
charging member

1-3: area Zspendency of the resistance of :the

. charging member

s (cm"): arsa of a defective part of the member to
be charged

Vt (V): breakdown voltage of the underlayer

i (MA): current flowing into an area corresponding
to the contact area S (cm”) of the underlayer when a
voltage, slightly Zower than the breakdown voltage Vt

(V), is applied to that area
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38 [err] and [err] values of the nmenbers Ato G are shown in Table 2.
The current density: -l is =222 (ferr]Acnferr]), and The curqut density 2
a

5t T s o e s T e

Current Metbér * R*([®rrY) densitlPll density 2 [err] ™~ * LA
2 X 10[err] 0.65 0. 63 0.55 B 3 X 10[err] 0.78

0.74 0. 66 C 5 x 10[err] 0.96 0. 96 0.02 D
2x 10[err] 1.00 Rpl Q9. re91£ﬁance of the under DayEH &hehOcf88 0.77
0.70 F x 10 6X

Ber L 90 0. 90 0.42 G
10[err] O. 95curkent019§u é wE lnto the an area corresponding to
the contact area S (cm?) of the underlayer when a
voltage, slightly lower than the breakdown voltage Vt
(V), is applied to that area
l-a: area dependency of the resistance of the

underlayer.

5. A contact charging device for charging or
discharging a member to be charged by bringing a charging
member applied with an external voltage into contact with
the member to be charged, which at least includes an
underlayer, characterized in that the following
inequality holds

a+b2vVa x 10%]

where
log (a) = ieg (R) = (B-v) x log (S/s)
- v x log (3/I)
log (b) = icg (Rp) = @ x log (S/s)

In the above inecuality,

Va (V): voltage necessary for charging or
discharging the member to ke charged to a predetermined
surface potential Vs (V)

I (mA): current necessary for charging or
discharging the member to be charged to a predetermined
surface potential Vs (V)

S (cm"): contact area of the member to be charged
and the charging member

(2): resistance of the charging member when
current I (pA) is fed to an area of the charging member
corresponding to the contact area S (cm?)

v: current dependency of the resistance of the

charging member
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Check was made as to whether the fornmulae (8) or (17) is-satisfied or not,
using the varuea strown N Table 2, Va=-1160 (V), S/s=9600, |4I725 k/1=05,

a=1l, Vt= rr] ([err]). The results of the'Ehbck are
shown in Table TABLE 3 '

Fornul a (8) Forhula (17 *Menber 1020g (R) Satisfied S|de Satisfied
si de A X 8.9 X 8.0 B 7-5
X 8.6 X 7.9 C 6.7 X 7.0 4,9

D 7.3 0-B: ardaldependehicy ofEthe resift@nce of the 8.6

X 8.0 6.8 X 7.8 6.6 G
6.8 chargl§g member 5.6 In Table 3, the resistance val ues
R are expressed in se[em®)af lagear bEhgi gefattiese part hef Ctle Mviner te for-

be charged

j (nA): current allowed to flow into an area
corresponding to the area s (cm?) of a defective part of
the member to be charged

Rp (f): resistance of the underlayer when the
current j x S/s {pA) flows into an area corresponding to
the contact area S {cm‘) of the underlayer '

l-a: area dependency of the resistance of the

underlayer.

6. A contact charging device for charging or
discharging a member to ke charged by bringing & charging
member applied with an external voltage into contact with
the member to be charged, characterized in that the
following inequality holds

log (R) 2 log (Va x 10°/k) = (vy-B) x log (S/s)

+ v x log (k/I)
where

Va (V): voltage necessary for charging or
discharging the member to be charged to a predetermined
surface potential Vs (V)

I (uA): current necessary Zor charging or
discharging the member to be charged to a predetermined

. surface potential Vs (V)

S (cm"): contact area of the member to be charged
and the charging member

R (): resistance of the charging member when
current I (nA) is fed to an area of the charging member
corresponding to the contact area S (cm?)

y: current dependency of the resistance of the

charging member
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nmul ae (8) and (17), [err] indicates that the fornula is satis- fied, and x
indicates that the formula is not satisfied. Cal ?ght,;:;
sides of the fornula are al so shown. When cornpari ! R
seen that in the case of the nenbers in which the dﬂmﬂﬂm"mﬂuﬂrlmﬁes not
grow i nto pinholes and the i mage noi sel@xused by the* défthsurenaJﬂs ack
dots, either of the fornulae (8) and (17) is satisfied.

39 In another test, the nenbers C, D, F and G and a

1-B: area dependency of the resistance of the

charging member
s (cm?): area of a defective part of the member to

be charged
k (uAj: current allowed to follow into a defective

part of the member to be charged.

7. The contact charging device according to claim
5, wherein the capacity P (W) of a power source for
supplying voltage to the charging member is given by

P 2Va x (I - k) x 107,

8. The ccntact charging device according to any of
claims 4, 5, 6 and 7, wherein the resistance R of the
charging member Is given by

3 x 10% 2 R.

9. The contact charging device according to any of
claims 4, 5, 6 and 7, wherein the voltage applied is

formed by superrcsing an AC voltage on a DC voltage.

10. The ccntact charging device according to any
of claims 4, 5, 5 and 7, wherein a layer is formed in the
location of the chargqing member where the charging member
comes in contact with the member to be charged, the major
cemposition of the layer being any of urethane rubber,

_urethan resin, nylon resin and polyethylene resin.

11. A contact charging device for charging or
discharging a member to be charged by bringing a charging
member applied with an external voltage into contact with
the member to be charged, which at least includes an
intermediate layer, characterized in that the following

inequality holds
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menber to be charged not suffering the defects were set to the inmge
form ng apparatus shown in FIG 14, and images were formed on, 10, 000 sheets
of transferred- imge recording nediumof A4 size. It was confﬂ?nédxthqt no
I mages havi ng bl ack stripes were observE EXAI\/PLE L
The nenbers to be charged used were eac % tubul ar cha of -3::
(cnferr]) consisting of a tubular conductive base nenber -
underlayer of 10 ([err]m thick and made of mediumresis !“ Lmﬂw@“ma
di el ectric layer as &hjhet dVedept 8bbV gkea ofREH) ([err]m whic

function separgfian/negative charging As in EXAMPLE 1, defects each of
0.3 (nmferr]) were intentionally fornmed in nenbers to be charged. Each of
the defect nmarred t Na n r)bervbmtbgecnacgesiaﬁyldfmdhaﬁgi dgenbers Ato G

were set to t r ragus In,Fl G 14 ctual |y, inmages
were forned ancg‘g(‘{‘{%t%§§n @h ﬁ‘gﬁg\%ﬁré‘g Jﬂ%p@&?’é%EdE?/%r@ RYSRRY SRS her was
replaced wth sumfalwer ,poltleatlmﬂbﬁs { V)

Vb: breakdown voltage of the intermediate

layer of the member to be charged

Raa (Q): resistance of a minute area of the
charging member

Rbb (R): resistance of a minute area of the

intermediate layer.

'12. A contact transfer device for transferring
developer onto a transferred-image recording media from a
memper to be charged when the transferred-image recording
mediz passes through a space between a transfer member

applled with an external voltage and the member to be
charged, which at least includes an underlayer,
characterized in that the following inequality holds

log (R) 2 log {Rp x (Va-vt)/vt)

+ {(a-8) x log (S/s) + y x log (i/I)
whers |Va, > |vt!

Va (V): voltage applied to the transfer member

I (nA): current flowing from the transfer member
toc the member to be charged when the voltage Va (V) is
applied to the transfer member in a state that the

_transferred-image recording media is absent between the
transier member and the member to be charged

S (cm"): contact area of the member to be charged
and the transfer member in a state that the
transfierred-image recording media is absent between the

transfier member and the member to be charged
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be charged was replaced with a new one. Bef ore an experinent is
conduct ed, each—charginrg—rerber—was set to the image form ng appqratus

shown in FIG 1 current |, necessary for chargi'ng’ é“nember
to be charged tgmwa"ﬂln"mnﬂﬂﬂmasur ed. The peri pheral speed of the
charged menber was 8 (enmsed). *The resdP¥s of the neasurement were Va=-
1.16 (kV) and 1=-6 ([err]A). In the experinent, Va==-1.16 (kV) and the

re- stricted current value of the power source was -20 ([err]A). The

experi ment results arqq3l.so-ghowpaj Iﬁ?'éh tra (ﬁé¥”n ggéw%nnylon | ayer

constructed in which onl'y an under- layer um'resi st
of 10 ([err] mcuaset dad hdr Asdied hpt@mu¢2@a(nﬁunhﬂ|tﬂadsﬁar|mHMMQt of

al umi num A brealdanenuehags Vhe OfohbEctngiaty d Fugpand a resistance val ue

Rp of the underlayer were neasured an’el ectrode brought
contact with the surfaceustenhedepriuidngierofrahes resistaneer bf the

(correspondin dth 3 (mm)). The neasurenent results were:
Q:ﬁﬂs&gﬁ RERbYL

Vt =-1000 V
1-f: area dependency of the reSLStance of the

transfer member

s (cm®): area of a defective part of the member to
be charged

Vt (V): breakdown voltage of an underlayer

i (pA): current flowing inzo an area of the
underlayer correspending to the area S (cm?)

Rp (Q): resistance of the area of the underlayer
corresponding to the area S (cm")

l-a: area dependency of the resistance of the

underliaver.

13. A contact transfer device for transferring
developer onto a2 transferred-image recording media from a
member to be charged when the transferred-image recording
media passes through a space between a transfer member
applied with an external voltage and the member to be
charged, which at least includes an underlayer,
characterized in that the following inequality holds

a~-b2vVva x 10%/7
where
log (a) = log (R) + (B-y) x log (S/s)
-y x log (3/I)
log (b) = log (Rp) + @ x log (S/s)
In the above inequality,

Va (V}: voltage applied to the transfer member

I (uA): current flowing from the transfer member
to the member to be charged when the voltage Va (V) is

applied to the transfer member in a state that the
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Rpo= 1 X 10[err] [err] i= -- 1000/(1 X

%ﬁ[err])—a 100dX“IGTETTTI‘?&GG«%P&F;]A% dor | 6247 Th

e area dependend t he underl ayer was neasuf e P
el ectrode aPea vvasmm"mm“mmmnm I's: 675 (Cﬁ[grr]) 1 (cnf err]) ki
(crjerr]), and 0.1 (c{efr]Y. sThe cur- QQH den5|ty o

40

q
}

was { - 1000/(1 X 10[err])}/6.75 = -14.8 X 10[err]= -14.8 ([err]Acnferr]).

Measured val ues, as shown in FIG 3, were plotted on a graph of which the
absci ssa repr egens fefrédyntiddd Haromlivgy afedike iar adsend bbeweedi fpde, a

| oga- transfer member and the member to be charged

S (cm?): contact area of the member to be charged
and the transfer member in a state that the
transferred-image recording media is absent between the
transfer member and the member to be charged

R (®): resistance of the transfer member when
current I (pA) is fed to an area of the transfer member
corresponding to the contact area S (cm?)

v: current dependency of the resistance of the
transfer member

1-B: area dependency of the resistance of the
transfer member

s (cm"): area of a defective part of the charged
member

j (4A): current allowed to flow into an area of
the underlayer corresponding to the defective part area s
(cm)

Rp (R): resistance of the underlayer when the
current j x S/s (uA) flows into an area of the underlayer
corresponding to the contact area S (cm”)

l-a: area dependency of the resistance of the

underlayer.

14. A contact transfer device for transferring

develcper onto a transferred-image recording media from a
. member to be charced when the transferred-image recording

media passes through a space between a transfer member
applied with an external voltage and the member to be
charged, characterized in that the following inequality
holds

log (R) 2 log (Va x 10%/k) + (y-B) x log (S/s)

+ v x log (k/I)

where
Sheet Has Been Replaced
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‘rithmc value of resistance. Connection of the neasured val ues forned a
strai ght |Tme—inctined—at—06-95. There- fore, [err]=0.95. ﬁTpp

pi-nhol e of O“rmllﬂ“lun formed in a nem ber to be charged A ﬂ !y
tol erable cu | n which no further enlargenent of t he plnhole
or no fur- thér HYet'erPor&tidn of the nmenb®t progresses, was nea- sured.

The current was gradually increased while observing states of the pinhole

and the nenber. The current at which the pinhole starts to grow or the

current at which théVdetwﬁi(nwanageoEppﬂéedembethetaraﬁsﬁas fi@asay ed. The
fed_for 30 m nutes.

menber used was the nt .cur en

As a result, no enléfgggght 5P2Fh iiﬁgﬁggaﬁaoﬂo%aﬁtEF?B?EE?kWF%PeEhe

nmenber were obtertkel mémber hm der cdaeﬂrglest wheneahedvoptage- Oa Oﬂ efg ] A .

Accordi ngly, el A, i.nce the_ breakdown _vo of the

under | ayer is -R%gﬁgi\g ﬁAﬁ t énfggf m$8gggkén anﬁﬁ@ﬁ?eL$6€ EM% pi nhol e

probl em elthetraﬁsﬁéurédymmﬂg@ c8rordify/nedudt is absent between the
transfer member and the member to be charged

S (cm?) : contact area of the member to be charged
and the transfer member in a state that the
transferred-image recording media is absent between the
transfer member and the member to be charged

R (Q): resistance of the transfer member when
current I (puA) is fed to an area of the transfer member
corresponding to the contact area S (cm®)

v: current dependency of the resistance of the
transfer member

1-f: area dependency of the resistance of the
transfer member

s (cm?): area of a defective part of the member to
be charged

kK (nrA): current allowed to flow into a defective

art of the member tc be charged.

L e)

15. The contact charge supply device of any one of
Claim 1, 2 and 3, wherein said member to be charged
consists of a conductive layer, said underlayer and a
dielectric layer arranged in this order.

16. The contact charge supply device of Claim 1 or
2, wherein said underlayer is formed of one of anodized

aluminum and nylon resin.

17. The contact charge supply device of Claim 3,

wherein said member to be charged consists of a
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be satisfied. To take a nmeasure to prevent the under- |ayer from being
rr]) of

br oken down,, owed to flow into the area [err] $cn[e
t he underla BiH] mﬁ Mbmomrr]m 0.01 ([err]A)|<|- fraA} |,
Thi s current | arge the defect of the photorecept@r Iayer; T
The area dependency of the nmenbers A tolG8depends little on the curtenty :
density, as seen from Table 2. Ac- cordingly, the current density 1 in
Tabl e 2 was used for the area dependency. Check was nagf as to mhethgr

the fornula (8&cﬁdu&ﬂ£9elﬁh lagfidl @ddee18ekridSp e£h§r¥ f{g; 4N

[err] shown in bIe 2, Vaféfwo (V), S/s=9600, ? 7, g??: .O%Sa
a=0.95, vt=-1 and Rp=1X 10[ err]

18. The contact charge supply device of Claim 1, 2
or 3, wherein said contact member is formed of one of a
contact-type developing member, contact-type cleaning-
member and a memper for disordering a developer remaining

on said member to be charged.

18. The ccntact charge device of Claim 4, 5, 6 or
il, wherein said member to be charged consists of a
conductive layer, said underlayer and a dielectric layer

arranged in this crder.

(] -

20. The ccntact charge device of Claim 4, 5 or 11,
one of anodized

(s}

wherein said underlayer is formed o

aluminum and nylcn resin.

21. The ccntact charge device of Claim 6, wherein
said member to te charged consists of a conductive layer
and a dielectric layer arranged in this order.

22. The ccntact transfer device of Claim 12, 13 or
14, wherein said member to be charged consists of a

conductive layer, said underlayer and a dielectric layer

arranged in this crder.

23. The contact transfer device of Claim 12, 13 or
22, wherein said underlayer is formed of one of anodized

aluminum layer and nylon resin laver.

24. The ccntact transfer device of Claim 14,

wherein said memper to be charged consists of a
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41 The results of the check are shown in Table 4. ti f;i

TABLE 4 FOLmJI a (B) | Formél a(817) f'f d[’? !
Soti st ed lﬂlﬂﬁﬂl“lll“lellﬂIHIIIBSF“gt N AT R 1y
?.85 o D BD 7 3 g 411 oC BD6 06' ! E BS

X 7.8 8. F BS 6.8 _ x

G BD 6. gondugﬁlve lqu; and @ dielectgicg layernaxggpged inpnpnthie

"i mage" col ungrg8S, and BD indi- .cate a black stripe and a bl ack dot,
respectively. The

25. The contact transfer device of Claim 12, 13 or
14, wherein said applied voltage Va is a voltage for

transfering a developing agent to a recording medium.

26. The contact transfer device of Claim 12, 13 or
14, wherein said applied voltage Va is a voltage for

cleaning the transfer member.

27. The contact charging device according to claim
8, wherein the voltage applied is formed by superposing

an AC voltage on & DC voltage.

28. The cecntact charging device according to claim
8 wherein a laver is formed in the location of the
charging member where the charging member comes in
contact with the member to be charged, the major
cemposition of the layer being any of urethane rubber,

urethan resin, nvicn resin and polyethylene resin.

29. The ccntact charging device according to claim
9, wherein a layer is formed in the location of the
charging member where the charging member comes in
contact with the member to be charged, the major
. compositicn of the layer being any of urethane rubber,

urethan resin, nyleon resin and polyethylene resin.

30. The contact charge supply device of Claim 15,
wherein said underlayer is formed of one of anodized

aluminum and nylon resin.

———
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resi stance values R are expressed in terns of logarith- mc val ues. In the
colums of the Fornulae (8) and (17), [err] indicates that th Tl'_p
satisfied, and x indiates, that the forrmula is not satisfied. j p’ll atu dp i
val ues of right sides of the fornulae are al so shown. As seeft f‘rdm‘Ta-bI

4, in the case of the nenbers in which the inmage noise forned b
menber remains black dots, either of the fornulae (8}, '
fied. When conparing Tables 3 and 4, it is seen thg§ll er to be
charged is changed to another, the imagggnoise ( b AR : | ack
dot) is changed to another type of image noise if The®same rrenber is used
In another test, the nenbers C, D, and G and a nenber to be charged not
suffering the defects were set to the imge form ng apparatus shown in FIG
14, and i mages w8l.e Thecomact@harg dodfe ohChim 18 whereinsdaid urrigriayeragformed of di ng
medi um of A4 size. Any image having the black stripe could not be
observed. one of anodized aluminium and nylon resin.

sati s-

32. A contact charge supply device substantially as hereinbefore described with

reference to any one of the accompanying figures.

33. A contact charging device substantially as hereinbefore described with

reference to any one of the accompanying figures.

34. A contact transfer device substantially as hereinbefore described with

reference to any one of the accompanying figures.
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EXAMPLE 3  The nenbers C, D, F, and G - which succeed in deal - i.n Ir;gl-
pi nhol e probl enms in EXAMPLE 1, were used for the charging nenﬁegtj s;g H;
menber to be charged as that used in EXAVPLE | was used. Check e as
to whether or not the apparatus .using thdsk nenbers are capable of dealing

wi th the pinhole prob- |ens. Nbasurenggiﬁggthhe check were carried out in
environnents different fromthose in 1; LL environnment (10 ([err]C

gd 15 (%RH)) and HH environ- rEEﬁ‘fAc(r?’(l,‘:ﬁAﬁzE:ErsrULﬁQ panEEbs (9RH)).

A contact charge supply devicé for externally
controlling the charges, which are supplied to a member
to be charged by bringing a contact member (101) applied’
with an externmal voltage into contact with the member to be
charged, which at least. includes an underlayer (102), and holds
the following inequality

log (R) 2 log {Rp x (Va-Vt)/vt}~

+ (a-B) x log(S/s) + y x log (i/I)
where ,Va| > |vt!

Va (V): wvoltage applied to a contact member in
contact with the member to be charged; I (pA): current
flowing from the contact member to the member to be
charged; S (cm"): contact area of the member to be
charged and the ccntact member; R (Q): resistance of the
contact member when current I (pd) is fed to an area
corresponding to the contact area S (cm®) of the contact
member; v: current dependency of the resistance of the
contact member; 1-5: area dependency of the resistance.
the ccntact memper; s (cm”): area of a defective part

0
[}

the member to ke charged; Vt (V): breakdown voltage

(]
[a

(o]
h

the underlayer; i (nA): current flowing into an area
the underlayer ccrresponding to the contact area S
(cm®) when a voltage, slightly lower than the breakdown

(o]
Hh

voltage Vt (V), is applied to that area; Rp (Q):
resistance of the underlayer when the current i (uA)

. flows into the area of the underlayer corresponding to
the contact area S {cm”) when a voltage, slightly lower
than the breakdown voltage Vt (V), is applied to that
area; l-a: area dependency of the resistance of the

underlayer.

Fig. 2 This Sheet Has Been Replaced
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Before an experinment is conducted, each charging nmenber was set to t he
|nage formi ng apparatus shown in FIG 14. Voltage Va and current ,
necessary for charging a nenber to be charged to -600 (V), . -
in the different environments. The peripheral speed of the EE E{Zkl.
charged was 3 (cnfsec). The resul #1$2bf the measurenent were Va= 6

and |= -6 ([err]A) even in the different environnents. As in EXAMPLE 1,
defects each of 0.3 (merr]) were intentionally fornmed in nmenbers to be
charged. Under the condition that Va= - 1.16 (kV) and the restricted
current of the power source was -20 ([err]A), inmages were actually forned
and states of inmages were in- spected. Every tine the nenber was repl aced

wi th anot her, the nmenber to be chajged wag replaced with a new one. The
results of the inspection are ;%ifn aple 7. Then, the breakdown

vol tage Vt of the underl ayer, & he i stahce Rp of the underlayer, andthe
area depen-

]
oQ

MW
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dency 1 -a of resistance were neasured Further, a pinhole of 0.3 (m’r{err]) ;;
was intentionally forned in a nenber to be charged. A tolerabl ;
value k within which no further enlargenent of the pinhole or ZI)OR ’t LM ﬁ ;
deterioriation of the menber progressegs2 was neasured. The -restlt's oft
measurenents in the envi- ronnments, LL and HH, and add| tionally in the

environ- ment NN are shown in Table 5. TABLE 5
. NN HH vt (V) - 400 - - 300 - 250
Rp([err] 6 X 10[err] 2 X 10[err] 9 X 10[err] Vt/Rp([err]A)
-150 -278 a 1
k ([err]A) -3 -3 ' -3 The resuls of Table 5 show

t hat the breakdown volt- age Vt of the underlayer, and the resistance Rp of
the underl ayer vary depending on the f'nw ronnents. Since |Vt|] < | Va|, to

take a neasure for the plnhole 7/4 2

—
o )
P .

r/
102 .

(
\,\

ﬂj_}}

<D
('

I"\.J

NN

§

f

|
,t:

—
[aamn)
[sa)

=N
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Zl
-

C
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probl'em either of the formula (8) or (17) nust :be satis- fied. The
results of measuring the resistance values R the area dependency 1 -[err]
of the resistance, and the current dependency [err] of the resistance of

the menbers C, D, F and G are shown in Table 6. In this table, rtag

val ues . 3/22 43 wer e Fd%d'dﬂ A
the current densities -9.9,-22.2, -41.2 ([err]Acnferr]) “in-thes ! A
environnents LL, NN and HH. The measured values in the environnent NN
are al so

Flg3

Log(Q)

Qo
T
/

LOGARITHMIC VALUE
OF RESISTANCE

LOGARITHMIC VALUE OF AREA
OF MEASURING ELECTRODE
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shown in Table 6. TABLE 6 Mem
LL- NN HH ber R [err]

RC 2 X 10[err] 0.98 0.02 5 X 10[err] 0.96. 0.02 .1 ,er[[ 9 .
o]

'!]:ﬂbl?

2y

0.02 D 6 X 10[err] 1.0 0.24 2 X 10[err] 1.0 0.24 2
0.24 F 1 X 10[err] 0.95 0.42226 X 10[err] 0.9 0 42
10[err] 0.85 0.42 G 8X 10[err] 1.0 0.2 6 x 10[err] '0.95 0.2 3 X
10[ err] 0.92 0.2 Tabl e 6 shows that the resistance R of the
menber, | i ke the resistance Rp of the underlayer, depends on the
environments, but the area dependency 1 -[err] of the resi stance and
the current dependency [err] of the nenber resi stance depends little
on the environnents. Check was made as to whether the fornula (8)
or (17) is satisfied or not, using the values shown in Tabl es 5

and 6, Va=-1160 (V) and S/ s=9600. Ee/ ? SO

T
(g2 s

{

/
\/ > ( 5y \
@ SOIANNNNMNNNNANS \\\)\\\\ AN ) :

" 7&&7
r_______.
g
AN
/
™ igg
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shows the results of this .check. TABLE 7

Mem LL NN HH ber Inage (8) (17)
mage (8) (17) Image (8) (17) C BD o0 o o]
o] 7.2 4.8 7.0 4.9 7. 0 5 1 .
BD - BD 5/® 5.5 . 5{};5, ! !H_
5.5 F BD x o D «x o] BS i
7.7 6.4 7.8 6.6 7.8 7.8 6.8 G 0
X 0 BD X o 7.3 5.4 7.3 5.6 72 5.7
In Table 7, in the "imge" colum, BS and BD indi - cate a bl ack
stripe and a black dot, respectively. 1In the colums of the
formul ae(8) and (17) [err] indicates that the formula is satisfied,
and x indicates that the formul a is not satisfied. Calculation val ues
of right sides of the formul ae are al so shown: As seen from
Tabl e 7, when the neasuring environ- 7= / j;-
o e
Log (Q)
8_

7L

LOGARITHMIC VALUE
- OF RESISTANCE

-7 -6 -5

Log| (xA)]|

LOGARITHMIC VALUE OF CURRENT
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ment is changed to another environnent, one of the _ menbers forns a

bt ack stripe by the pinhole in the image. It is also seen that also
inthis case, the black dot is not changed to the black,.s |pe i f
either .of the fornu- 44 | ae (8)” (@7ﬁ ts3
satisfied. As a consequence, the fact t%at the present invent¥or hsdvalpd4 L
irrespective of the environnments was. confirned. I n another test, the
menbers C, D, and G and a nenber to be charged not suffering the def ect s
were set to the inmage form ng apparatus shown in FIG 14, and

Fl& &

U
Na

LOGARITHMIC VALUED Y
OF RESISTANCE

LOGARITHMIC VALUE OF AREA OF

MEASURING ELECTRODE
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|nages were formed on 10,000 sheets of transferred- image recording of A4
si-ze in a roomwhere tenpera- ture and humdity were not adjusted It is
confirmed that any of the images had no bl ack stripe. g q 1 3
EXAMPLE 4  The restricted current y@ ue of the power sour Qri =appf‘ylﬂnd a
voltage to the nenber is the sum of Re current | ([err] A) necesSary'for -
charging the nenber to be charged to a predeterm ned potential and the
current k ([err]A) allowed to flow rnto the pinhole. As in EXAM PLE 1
defects each of 0.3 (merr]) were intentionally formed in nenbers to be
charged. Actually, images were forned and states of inmages were inspected.
The nmenbers C, D, and G were used for the charging mem berss. The sane

menber to be charged as that used cf 1 was used. | mages were
formed on 1,000 sheets of transfen gdg recordi ng nedium of A4 size in
the environnents LL to HH The imges fornmed were excellent in qual- ity,

not suffering fromthe black stripes caused by the

S...CONSTANT ~

Rx

LOGARITHMIC VALUED

]y

OF RESISTANCE D J
7

. RZ

LOGARITHMIC VALUE Of CURRENT
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pi nhol es. When synt hesi zing the above results and the results of EXAMPLE
3,1t was seen that if a power source capacity P satisfies the follow ng
condi tion [err] quality imges can be formned. In ﬁﬂohP r.test the
menbers C, D, and G and a nmenber to be charged not sufferildgs Eendéfﬂbﬁs;
were set to the inmage form ng apparatgfzgashown in FIG 14, and inmages were
formed on 10,000 sheets of transferred- image recording of A4 size in a
room where tenpera- ture and hum dity were not adjusted. No black stripes

wer e observed in the inmges.

 Flgs

j/s-..CONSTANT

e
Ne

Rz

LOGARITHMIC VALUE
OF RESISTANCE

U |- mmmmmm e,

LOGARITHMIC VALUE OF AREA
OF MEASURING ELECTRODE
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45 EXAMPLE 5 The nmenbers C, D, and G were used for

thefcha}ging.nenbers. A phot oreceptor |ayer not having an under- |ayer was
used for the menber to be charged. The nmem ber to be charged used was a

tubul ar nenber to be charged of 3 (cg(ﬂr]) consi sting of a{ﬂuﬁugam ; h
conductive base menmber of al um num? a dielectric |ayer ds 4 ;55 i ]
) i

phot oreceptor. | ayer of 20 ([err]m thick of the function :
separation/ negative charging type. The peripheral speed of the nenber to be

charged was 1.5 (cnisec), different fromthose in the exanpl es already
descri bed. Vol tage Va and current |, necessary for charging a nenber to
be charged to -600 (V), were neasured. The results of the neasurenent were:

Va= - 1.16 (kV) and I= -3 ([err]A).
- 16 ¢

ei.'

g,

Rq p----m-mm-s2 .
; X/s. . .CONSTANT

T

LOGARITHMIC VALUZ R |.._.__ S S :
OF RESISTANCE ' ST

w
[N 7o) R

LOGARITHMIC VALUE OF AREA
OF MEASURING ELECTRODE
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A pinhole of 0.3 (mferr]) was intentionally fornmed in the chargi ng nenber.
A tolerable current value within which no further enlargenent of the

pi nhol e or no fur- ther deterioration of the nmenber progresses, was nea-
sured as in EXAMPLE 1. The current- value was -3 Def ect s eafh fofy

(mjerr]) were intentionally -fornmed 10h2%renbers to be char ged. JUp ie 2 u L
condition that Va=-1.16 (kV) and the restricted current of the po g ohﬁce
was -6 ([err]A) using a charging nenber fornming a pinhole of 0.3 (nmierr]),
i mges were actually formed and states of imges were inspected. The
results were: the nenbers C and D produced good i nages, but the nmenber E
produced the image marred by a bl ack stri pe. In this exanple, the
under | ayer is not used. Accord- ingly, satisfaction of only the inequalty
(17)-suffices for the neasure for the pinhole problem Check was made as to0
whet her or not the inequality (17) is satisfied. The results were: the

nenbers C and D satisfied the inequal-
Fla. o

POWER SOQURCE

———

V4

109
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ity (17), but the menber E did not satisfy the inequality. Also fromthis
fact, it is seen that the black stripe forma- tion can be suppressed if the
|nequaI|ty (17) is satisfied even in the case where the photoreceptor |ayer

not having the underl ayer is used. EXAMPLE The
menbers C and D were used for the chargdhyZnenbers The san¥ ﬂbé?ita;be,
charged as that used in EXAMPLE 1 was used. The voltage applied to the coe
46 chargi ng nmenber was formed by superposing an AC

Flgut e

AN ARV
Y&lg \\/so

Fl&. 1 (5) G 1 (f)

/'\\ ‘
BN NV Q

Flg. 1] (c) P!ﬁ- g

Fle, ) td e, (1)
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vol trage on a DC voltage. The DC voltage was -600 (V), the peak-to-peak
veltage of the AC voltage was 1.4 (kV), the frequency of theﬂ&@jv_ | age was
0.8 (kHz), and the waveform of the AC voltage was sinusoi dal§ efbegalm
specifications were.the sane as those in EXAMPLE 1. Bef ore an “eXp r{! t
i s conducted, each charging menber W&&2set to the inmge formi ng apparatus
showmn in FIG 14. An experinent of charging the nenber to be charged was
conducted. The results of the neasure- nent were: the nmenber to be charged
was charged to -600 (V), and the current flowng at that tinme was -6
([err]A). As in EXAMPLE 1, defects each of 0.3 (mjerr]) were
intentionally formed in nmenbers to be charged. Each of the defect marred
menber -to be charged and each of the nenbers C and D were set to the inage
form ng apparatus shown in FIG 14. Actually, inmages were forned and
states of inmages- were inspected. Every tinme the nenber was replaced with
anot her, the nmenber to :

AU

8 :
2 > 9

2

. PN
\\\\W//./ZI
| NV E
FlG.2b) Flg. (2(d)
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be charged was replaced with a new one. The results . were: the nmenbers C

and ‘D produced i mages contain- ing black dots, not black stripes. The
rési stance values R of the nenbers C and D are defined by -6 ([err]A) of
the current fed thereto, and Va=(DC voltage)+(effective val of the AC

vol - tage)= -600 -495= -1095 (V). Calyuabations was nade to! dBcEthgt er
or not the fornula (8) or (17) is satis- fied, as in EXAVMPLE 1! uh;n,eﬂ I
menbers C and D satisfied the formul.a (17). Al so when Va=(DC vol - =~ = -« " L
tage) +(effective = val ue of the AC vol- tage)= -600-1400=-2000 (V),
both the nenbers C and D satisfied the fornmula (17). |In another test, the
menbers C and D and a nenber to be charged not suffering the defects were
set to the image form ng apparatus shown in FIG 14, and inages were
formed on 10, 000 sheets of transferred-image re- cording nmedium of A4 size
by applying the voltage fornmed by superposing the AC voltage to the DC

volt- age to the charging nenber thereby to charge it. Any
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| mege having the black stripe could not be observed. The fact that even
when the voltage formed by super- posing the AC voltage to the BC, vcilta?e
is applied to the charging nmenber, if the condition is set up ony the

47 assunption that the sum of theijzt age and the effective -val ue or peak
value of its voltage is Va, the effects obtained are.conparable with those
obtained in the case using the DC vol tage, was confirned.

EXAMPLE 7 The chargi ng menmbers for a contact charging device

Fla 14

o
<
— e ™ g e e,
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were the members AA to AE constructed such that the surface | ayers
(resistive |ayers) (described below) are forned on the surfaces of the

menbers A shown in EXAMPLE 1. The peripheral speed of the er to be- .
charged was 3 (cnisec). Va=-1.16 (kV) and 1= -6 ([err]A we §f3qﬁ ﬁeﬁifon "
charging the surface to -600 (V). MADEF AA: The surface Pa e

menber was an urethane resin layer, 20 ([err]n) thick, containing car- bon
bl ack internally added thereto. Menber AB: The surface |layer of this
menber was an al cohol -sol uble nylon resin layer, 20 ([err]m thick,

cont ai ni ng carbon black internal 'y added thereto Member AC. The surface’
| ayer of this nenber was an al cohol -sol yhl opgresin layer, 20 ([err]m
t hi ck, containing perchlorate internall tgéfeto Menber AD. The -

surface |layer of this nmenber was a water-sol te nylon resin |ayer, 20
([err]m thick, contain- ing carbon black internally added thereto.
Menber AE: The surface | ayer of this nenber was a

—37
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pol yvinyl butyral resin layer, 20 ([err]m thick, containing carbon black -
internally added thereto. A quantity of added conductlve agent was

adj usted so that the resistance val ues of those nenbers AAto AE are 1 X
10[err] ([err]) in the NN environnent. The measur- ing nethod sﬁg Yu 51@5
10 was used for this adjust- nent. i{@2resul ts of neasurlng

resi stance values R the area dependency 1-[err] of the reS|staﬁée “and the
current dependency [err] of the resistance of the those nenbers in the
respective environnents, as in EXAMPLE 3, are shown in Table 8.

5 ' 76
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////////////////////w? | 0 |
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48 . . . TABLE 8 Mem LL NN ber
R, - R [err] A A 3 X 10[err] 0.98 0.35 1 x10[err]
0.95 0.26 5Xi0[err] 0.95 0.22 AB 2 X 10[err] 0.95 0,44 1~xi19[ ¢ri]
0.93 035 6 X 10[err] 0.93 0.32 AC .5 X 10[err] 1. 0 10336 :1iXji |
10[err] 1.0 0.15 3 X 10[err] 0.95M%3.1 AD OX 10[err]- - 5.6 * 0.88 "1 .
X 10[err] 0.90 0.66 1 x 10[err] 0.85 0.35 AE 1 X 10[err] 1.0

0.8 1 Xl0[err] ©.95 0.52 2 X 10[err] 0.92 0.4 ) As shown in
Table 8, the resistance R, the area depen- dency 1-[err] of the |

resi stance, and the current depen- dency [err] of the resistance of
the those nenbers were vari ed depending on the environnents. This was .
slightly different fromthe contents shown in Table 6. The area-
dependency 1-[err] of the resistance depends on t he nenber used, but
general |y decreases with increase of the resistance value of the

menber. The current

(:)a
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dependency [err] tends to be large as the resistance of the menber

i NCr eases. Then, defects each of 0.3 (mierr]) were intentionally
formed in nenbers to be charged. "Each of the defect narred menber s
be charged and each of the nem bers AA to AE were set “F \h
form ng apparat us shown in FIG 148/2tual ly, |nages r Epéd ]
LL, NN and HH environnents and states of inages wer e Unéb C The
restricted current. .value of the ¢ power source was -9 ([err]A). The
results of the inspec- tion are shown in Table 9. Check was
made as to whether the fornmula (17) is satisfied or not, using R,

[err], [err], and Va=-1.16 (kV), l=-6 ([err]A), k =3 ([err]A, and

S/ s=9600. Table 9 al so shows the results of this check. . I n Tabl e
9, in the "imge" columm, BD (black dot) i ndicates that a bl ack dot
appears on the image, and BS (black stripe) indicates that a bl ack
stripe elongating in the axial direction of the roller appears on the

i mge. In ~the "lnequality (17){?colunn, [err] indicates that the for-

50 ' /’\\\,// 10
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mul a-is satisfied, and x indicates that the formula is not  satisfied.

Cal.cul ation values of right sides of the inequal tty (17) are also
shown.

TABLE 9 o NN HH I\/E7J H LG IEMJ ity
equal ity equal ity ber 1nmagd9/727) | nmage i j{

AA BD [err] 6.0 BD [err] 5.8 BD [err] 5.6

Ela 19

_—
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AB BD 6.4 BD [err] 6.2 : BD [err] 6.1 AC BD [err] i
5.9 BD [err] 5.2 BD [err]5.2 AD BD [en Iy

B
x7.4 BS x6.5 AE BD [err] 7.6  BD [err]67g4‘l_j Jmﬁsﬁ
As seen fron1the results shown in Table 9, in the.case r

satisfying the inequality (17), if. ¥é2 renber to be charged marred by the
pi nhol.e is used for inmge fornatlon t he defects of the inmages forned are

not serious. This fact was confirned:again. In another test, the’
menbers AA, AB and AC not * . causing defects in the forned iﬁages in al
the environ- | ments were set to the image form ng apparatus shown in
FIG 14 and i mges were forned on 10, 000 sheets of transferred-image
recordi ng medi um of A4 size in a room where tenperature and humdity
wer e not ad- justed. No deterioration of the i neges was not ob-
served. Wien exami ni ng the For mul ae (8), (13) and (17), it is seen.
that the menbers of 'which the areq\dependency X . .
.RESISTANCE * . :
" VALUE 12
o 10
1))
O 8
-
RESISTANCEu
. VALUE
o]
o)
.
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and the current dependency are snmall, are easy to satisfy t he fornul ae.
The results of the exanples 1 and 7 shom/ that the |layer made of a
material" sel ect ed f rom-afong urethane rubber ; urethane d non
resin, partic- * ularty alcohol - sol ? resin, ~and polyet i%q £F thQ
preferably formed on the surface aof t é %hargrng mem

surface ta coene i-n.contact. with the mem’ . .ber to be charged) Also mhere
a‘nyl on resin filmof 4Q_.. .([err]m thick: i's used for_ the charglng menber,
folded in- -two as shown i'n-FIG 11(h); no -defects were found in _lthe
image in all “the :enyironnments. The filmused was a called nylon resin .
si.ngle layer fiim- EXAMPLE .8 - The fallowing: .
members Hto J each .of 22 (cn) inthe: effective length wereased for 'the.
transf gr fenper of "a . -contact transfer devrce .The nember to be charged -
used mas that of QXQ LE. 1. Sell 0L g T -

[ e - R T TP

: RESISTANCE
< VALUE .

D gl J e e R L ..'_5'0 . Lo

CURRENT VALUE

SL L Flgad(a):

- 1.0% '

" “RESISTANCE
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50 - Menber H Roller with a conductive |ayer nmade of urethane foam \\
contai ning carbon black internally added thereto (volunme resistivity: ~
10{-err] ([err] cm, Asker C hard- ness: 35 ([err]), cell dianeter: 300
([err]m, and thickness: 5 (m)). Menber |: Roller W|th

| ayer nmade of urethane foam cont ai ni ng”c’&?bon bl ack intern HTEg KEA U
thereto (volune resistivity: 10[err] ([err] cm, Asker C har

([err]), cell diageter 300 ([err]m, and thickness: 5 (nmm).

H

<
N~
— QN0 Shect Has Been Replaced
Lf) A and
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51 Menber J:. Roller ‘with a conductive |ayer made of skin,}"sti{icon”foam
contai ning carbon black internally added thereto (vol une refrStIVvIty:
10[err] ([err], cm, Asker C hardness: 30 ([err]), and thick &gLA@'\zENﬁﬁHEET
Bef ore an experinment is conducted, each transfer nenber was| sgt-to the
| mage form ng apparatus shown in FIG 15. A transfer volta e 3s g Mef398 8¢
(V). The current |, which flows into tHe nenber to be charded| under this
vol t age, was neasured. The peripheral speed of the nmenber tjo be char ged

3 (cm'sec). The nea- sured current | was 2 ([err

A) .
CONTACT CHARGE PPLY DEVICE

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a charge supply de-
vice of the contact type in use with an image forming
apparatus, such as a printer, a video printer, a facsimile,
a copying machine, or a display, and more particularly
to a contact charging device and a contact transfer
device in use with the image forming apparatus.

Mare specifically, the invention refates to a contact
charging device for charging or discharging a member
to be charged by bringing a charging member applied :
with an external voltage into contact with the member
to be charged, and a contact transfer device for transfer-
ring developer onto a transferred-image recording
media from the member to be charged when the trans-
ferred-image recording media passes through a space
between a transfer member applied with an external
voltage and the member to be charged. The charging
member and the transfer member will be referred to as
a “contact member™ bereinafter.

2. Discussion of the Conventional Art

In the image forming apparatus based on the electro-
static electrophotography system, a latent electrostatic
image is formed on a photoreceptor drum, toner is at-
tracted to the latent image, and the toner image formed
is transferred onto a transferred-image recording media.

The photoreceptor drum used in the electrophotog-
raphy system jis constructed such that an underlayer is
formed on the surface of a drum as a base, and a photo-
receptor layer whose electric conductivity varies in
response to light is formed on the underlayer. In some
cases, the photoreceptor layer is layered directly on the
surface of the drum, not using the underlayer.

The drum is made of such a metal as to have a re-
quired rigidity and to allow a hard, electric insulating
film to easily be formed on the surface. thereof. Such a !
metal is typically aluminum. The underlayer is usually
an oxide film or an electric insulating film, which is
formed on the surface of the drum.

Organic or inorganic material, used for the photore-
ceptor layer, exhibits an electrical insulation to such &
degree as to retain charges when it is not exposed to
light, and as to release charpes therefrom when it is



Def ects each of 0.3 (mjerr]) were intentionally formed in t.o-he
charged. Each of the defect marred nmenbers to be charged and M@IJA@EMEMESHEET
menbers Hto J were set to the image form ng apparatus shown |“ -G

Actual ly, imges were formed and states of images were insp Vﬁr“ymoa
time the nenber was replaced with another, the nmenber to be ch
repl aced with a new one. The restrict ed2current val ue of theq p
was 15 ([err]A). The results are shown in Table 10 The rgsi stance val ues

R of the nenbers wer t he ne rjn d Wnlrrl—lu 10~
The measuring curren %‘Egﬁ'] dge“ﬁgmiéé‘ﬁi gﬁ% i’f of the
menmber resistance anBCPYE re measur ed.

Check was nade as t olayestindormedhy Mmgmldm(xﬂ)wsh therander-sat i sfi ed.
The results of the rrl:qurﬁ)mmi Mﬁmm@@r@mﬁwm@mmmmbl e 10. In

this table, in the " e formula is
satisfied, and x i ndjv'&q't_ ol m&%&m&gﬁﬁl cul ation
is an morgamc material, the photoreceptor layer is
formed by vapor depositing the inorganic matetial on
the underlayer formed on the drum.

The photoreceptor drum thus constructed is charged
at a fixed potential by a corona charging device, a
contact charging device, or the like. Under this condi-
tion, the photoreceptor layer on the drum is exposed to
light beams or an optical image patterned according to
umage data in order to form a latent electrostatic image
thereon. The clectric resistance values in only the por-
tions of the photoreceptor layer which are exposed to
the light are selectively reduced, so that charges present
on the surface disappear and the potential thercon
drops.

Charged toner is brought into contact with the pho-
toreceptor layer bearing the latent electrostatic image
thereon, so that the toner is attracted to only the pors
tions exposed Or not exposed to the light by an’electro-
static force, thereby forming a toner pattern on the
photoreceptor layer.

Then, a transferred-image recording media is moved
toward the surface of the photoreceptor drum in syn-
chronism with the rotation of the drum bearing the
toner image on the surface thercon. Then, the trans-
fesred-image recording media is charged in the polarity

_opposite to the polarity of the charged toner. The toner
pattern on the drum is attracted to the transferred-
image recording media, so that the toner pattern is re-
corded on the transferred-image recording media.

The device for charging the photoreceptor drum, the
discharging device for removing the residual charge on
the drum, and the transferring device for transferring
the toner pattern on the transferred-image recording
media belong to the devices for supplying and removing
charges to and from the drum. By convention, the
called corona charging device, which utilizes particles
charged by the corona discharging, is used for those
devices.




val ues of right sides of the fornulae are al so shown. REPLACEMENT SHEET
TABLE 10 Menber | mage |l og (R) [err] [err] (8) a2
6.1 0.61 0.51 x 88 x 8.3 strip I Ggo a
0.72 0.35 x 8.1 [err] 7.2 J Good - 7.0 68(&%%‘“@8’2
7.4 Jerr]6.1 As seen from Tabl e 10, when neither the for .a(or ot

(17) is satisfied, a poor transfer (whiste stripe) appears in the inage.

I n anot her test, the menbers AA, AB and AC, and a nenber to *te—charged-not

suffering from defethe usr ef the corona charging devices inevitably
generate ozone, which contaminates air. To avoid this,

contact charging devices and contact transfer devices,.

which generate an extremely sm=ail amount of ozone,
have been used recently.

In the contact charging device, a brush of conductive
fibers or a roller made of conductive elastic material,
being applied with external voltage, is brought mio
contact with the surface of the photoreceptor drum,
while the contact member, i.c., the brush or the roller, is
being moved relative to the drum. A minute spark is
generated in a gap between the contact member and the
drum surface, which is formed when they approach to
each other or separate from each other. Through this
process, the photoreceptor drum is charged.

In the contact transfer device, a brush of conductive
fibers or a roller made of conductive elastic material,
being applied with external voltage, is made to ap-
proach to each other in a state that a transferred-image
recording media is placed therebetween. At this time,
the contact member is being moved relative to the
drum. A minnte spark is generated in a gap between the
contact member and the transferred-image recording
media, which is formed when they approach to each
other or sepsrate from each other. Through this pro-
cess, the image on the photoreceptor drum is trans-
ferred onto the transferred-image recording media.

When the transferred-image recording media is not
present between the coutact member and the drum
surface, a voltage for cleaming the contact member
{causing the touner adhered to the contact member to
move to the drum surface) is appked thereto to clean
the contact member.

The discharge phenomenon is used also in the contact
charging device and the contact transfer device. Ac-
cordingly, a voltage of approximately 0.5 to 1.5 kV,
lower than that for the corona discharge, is applied
between the contact member and the photoreceptor
drum. To keep the breakdown voltage of 0.5 to 1.5 kV,
the voltage must be properly distributed into the photo-
receptor layer and the underlayer so as not to damage
them.

‘Where the photoreceptor layer has a defective part or
parts and a pinhole or boles with dusty material, ie.,
foreign material attaching thereto, and those provide




52 set to the inmage form ng apparatus shown in FIG 15, an
formed on 10,000 sheets of transferred- inage recordi ng nedi

No white stripes were observed in the images.

RMME@J’IBSHEET
u .
' Bt

The nmenbers | and J used in EXAMPLE 8 were used for the tra SfEIZ mr'gqtﬁg

a contact transfer de- vice. The nethod simlar to that of

used. During the period of form ng an i4mge on the photorecgptor |ayer,

viz, before the transfer process, a cleaning voltage -250 (V) for—cteantrg

the transfer nmenber was appli Lherent 20ateati@IBe Howl thebught Oner image
Is formed on the phote PBB‘%LE;/?%, the image is transferre‘égic‘)nto t he

transfer member. | ngiaoset FHEFET he menbers | .and an nmber to be
charged not suffering fmgﬁ%q@hﬁ%%rgﬁg? T’%“I#én MO c‘f%?&ﬂ&geappar at us
shown in FIG 15, andgifeetigs parts Or the pin oles, the voltage appli

the contact member causes current to flow to the con-

ductive paths formed by the defective parts and the

foreign materials in the pinholes or the defective parts

since the impedance of the conductive paths is lower

than that of the remaining portions of the photoreceptor

layer. At this time, no discharge phenomenon occurs

between them, or the contact member and the photore-

ceptor layer.

If the current flowing into the pinholes exceeds a
current value predetermined for the related circuit, the
wvoltage applied to the contact member, or the charging

“'member, drops, so that no discharge takes place in the
gap between the charging member and the photorecep-
tor layer. As a result, only the contact area of 2 part of
the photoreceptor layer, which includes the pinholes
and extends in the axial direction, and is in contact with
the charging member, suffers from poor discharge. The
poor discharge part appears as a white stripe in the
normal development and as a black stripe in the reversal
development. This considerably reduces the image
quality.

Additionally, the current conceatrically flowing into
the extremely small areas is excessively large. This ex-
cessively large current heats the charging member in
these areas and the foreign material in and around the
pimholes. The material of the charging member is
changed in quality and the pinboles of the photorecep-
tor layer is enlarged, possibly creating serious problems

_ in the machine.

To solve the problems, the techniques to limit the
lower limit value of the resistance of the charging mem-
ber have widely been used as disclosed in Published
Unexamined Japanese Patent Application Nos. Sho.
56-132356, Sho 5849960 and Sho. 64-73365, for exam-
ple. In one of the techniques, the volume resistivity of
the charging member is set within 105 to 101! (Qcm).

Techniques using the charging member, which is
multilayered such that the volume resistivity of the
outer layer thereof is larger than that of the inner layer,
have been proposed in Published Unexamined Japanese
Patent Application Nos. Sho. 6473364 and Hei
4-138477, and U.S. Pat. Na. 5,126,913, for example.



were formed on 1,000 sheets of transferred-inmage re- cording dium of A4

size. No white stripes were ob- served in the images. In t

when the transfer voltage is applied, bqgth the nenmbers | and|J _satuggmh‘l%ﬁﬁ
inequality (17). Accordingly, also when the cl eani ng vol tageji- gpﬁpl i ed,
the above-nmentioned conditions hold.  Since the cleaning vol t hgé3 sJAK 1398
usual ly small er than the breakdown vol tdge of the underl ayer}j
made as to whether .or not the formJIa (13) or (17) was satig- fied. Both

the formul ae were Sat'S{)b&ﬁcall —{13)._and
(17) is satis- fied, hsh%‘xégmexﬁin " rge t he defects
and pinholes in the ration of
the menbers is made FF%SBM% £ng vol t age.

This fact was confi rSRidace ayer exhxbmanan isotnopieLgroperty vfi€ons| | er
constructed as showndhqnifttﬁ and (bgs 183 fsed more tdenghthegisurfacenber of a

contact transfer thercof. U.S. Pat. No. 5,126,913 uses a power source of
such a large capacity as to keep the power source out-
put constant even if the current concentrates at the
pinholes.

Many proposals have been made on the technigue to
lay an underiayer between the photoreceptor layer and
the drum body. Those proposals discuss mainly im-
provements on the adhesion of the photoreceptor layer
to the conductive layer or the drum, the coating of the
photoreceptor layer, and the dark/light decay charac-
tenistics of the photoreceptor layer. Among those pro-
posals, Published Unexamined Japanese Patent Appli-
cation No. Sho. 61-179464 discloses a technical idea in
which the lower limit value of the divided charged
potential for the underlayer (or the intermediate layer)
is set at 1 V, 1n order to suppress the formation of pin-
holes in the photoreceptor layer by the discharge.

Also in the contact transfer device, as in the contact
charging device, when the current flowing into the
pinholes exceeds a current value predetermined for the
related circuit, the voltage applied to the transferred-
image recording media drops, so that no discharge takes
place in the gap between the transferred-image record-
ing media and the transfer member. As a result, only the
contact area of a part of the photoreceptor layer, which
includes the pinholes and extends in the axial direction .
suffers from poor transfer. The transfer member is

- changed in quality and the pinholes of the photorecep-
tor layer are enlarged, possibly creating serious prob-
lems in the machinge.

The inventors of the present Patent Application, after
carefully studying the problems of those devices in
connection with the conventional techniques, con-
firmed the following facts. The conventioral technique
cannot suppress or eliminate such a phenomenon that
when the contact member comes in contact with the
defective part and/or the pinholes of the photoreceptor
Iayer, a2 current, which is in excess of a current value
calculated on the basis of the volume resistivity of the
contact member, flows into the defective part and/or




device. A solid, conductive urethane as a conductive |ayer SRERMGEMENT‘ SHEET
the roller. The resistance of the conductive urethane was vafi {
menbers a to j as shown in Table 11 were prepared. There resys a;z"l%eJ %J %%@
R of the nenbers were neasured by the FIG 10 A
53 nethod. In Table 11, the resistance value R is denoted r ety—as—R

The nenber to be charged was structuredésuch that an underl gyer of anodized

alum numis fornmed o&ea con dluctlve base nenber made_of al um nUNMTand—a—phe
oles. Accordingly, poor charging or transfer

mevxtably takes place over the entire contact ar®h
across the photoreceptor layer with the contact mem-
ber. The resultant image is poor. Further, a situation
that the current flowing imto the pinholes heats the
contact member or the pinholes of the photoreceptor
layer, thereby deteriorating the contact member or
enlarging the pinholes, is also inevitable.

SUMMARY OF THE INVENTION

Accordingly, a first object of the present invention is
to prevent image quality deterioration, and damage to
the contact member and the photoreceptor layer by an
overcurrent flowing into the defective part and the
pinholes.

- A second object of the present imvention is to provide
a novel contact charging device which is free from the
deterioration of the image quality, the erroneous opera- -
tion of the electrical system, and the damage of the
device components.

A third object of the present invention is to provide a
contact charging device which is able to charge a
charged member stably and uniformly.

A fourth object of the present invention is to provide
a contact transfer device which is free from the deterio-
ration of the image quality, the erroneous operation of
the electrical system, and the damage of the device
components.

To achieve the above objects, there is provided a
contact charge supply device for controlling the
charges, which are supplied to 2 member to be charged
by bringing a contact member applied with an external

. voitage into contact with the member to be charged,
;ha:acteriwd in that any of the following inequalities
olds

log (R)Zfog {RpX (Va—~ ¥}/ V1}+(a—B)Xlog
(5/s)+yXlog (/D) A)

where {Va|> | Vt],
a+4-b& Vax 108/ )

where




toreceptor |layer was |ayered on the underl ayer. The bre .
of the anodi zed al um num | ayer as the underlayer was neasu &EPLAGEMEMT SHEET

nmeasure- nent, the conductive base nenber was earthed, andj arvottage—et—t-he
sane polarity as the charge voltage was applied to the surf af e%ﬁf rAllﬁg

anodi zed al um num | ayer for one m nute. The highest voltage W r’ gﬁ
t he underl ayer is not broken down was netasured. The area of—the—etectrode
brought into contact with the anod- ized al um num | ayer s 6.15 (cnjerr]),

and the | oad per unit area was 1634{3/crr[err ) (gross |oad: IO00(Q)T-
In the results of the neas@eieatR)+HBerdixog¥@mrxdog@de Vt of the anodi zed

al um num | ayer was -300 (V), the current i was -100 ([err]A), and the
current den- sity in thao@(ﬂ#bGt(RdHeash'sl(-Ws)t he el ectrode was 16
([err]Acnferr]). The measurenents were carried out 30 tinmes. [(average

val ue) +(3 x standard deyg e¥)Eter)Faxitot/be+esfptiofice Rp of the anodized
al um num | ayer was 4.3 X @@)erydlog (keDr ] ) . By changing the ggpa of the

el ectrode, the resistance

In the above inequalities,

Va (V): voitage applied to a contact member in
contact with the member to be charged

I (xA): current flowing from the contact member to
the member to be charged

S (cm?): contact area of the member to be charged
and the contact member

- R ({2): resistance of the contact member when current
I(y.A)xsfed to an area corresponding to the contact
area S (cm?) of the, contact member

<y: current dependency of the resistance of the contact
member

1—8: area dependency of the resistance of the
contact member.

s (cm?): area of a defective part of the member to be
charged

Vt (V): breakdown voltage of an underlayer

i (uA): current flowing into an area of the underlayer
corresponding to the contact arez S (cm?2) when a volt-
age, slightly lower than the breakdown voltage Vt (V),
is applied to that area

Rp (02): resistance of the underlayer when the current
i@;A)ﬂowsmtotheanmofthemdmhyercone—
sponding to the contact area § (cmp) when a voltage,

- slightly lower than the breakdown voltage Vt (V), is

applied to that area

j (A): current allowed to flow into an area of the |
(underlacmz) yer corresponding to the defective part area s

kQJ.A)‘cm'rem.allowedmﬂowmtoadefecuvepart
of the member to be charged
lal-cL:areadcpendencyoft!letesistzmtzeoftlm:lmder-

yer

In a case where, under the condition as mentioned
above, themembertobechargednschargedordns-
charged and a toner pattern is tramsferred from the

member to be charged to a transferred-image recording



of the anodi zed al um num | ayer was neasured, to obtain the ar

ea dependency

1 -a of the resistance. a= 1, that is, the resistance of thg
al um num | ayer was proportional to the area. Accordingly, tH

([err]Acnferr])), .The area dependency 1- [err] of the resi s-
menbers a to j were Oﬁbaii‘%d

—
RERAGMENT oSigET
t he anodi zed al um num | ayer when seen fromthe defect was 4.[34 10[err]

([err]) where the pinhole area a=6.15 X 10[err] (cnferr]) (dorjrsponiirigs o
0.28 (mMerr])). The current density was set at the sane valjug _as above (16

tance of the
e

resi stance val ues wer rre'% e rwnce val ues
of the menbers a to J% mF% ngo'Pn P@.Fi WS84 D=1. The
current dependency [ 45| ovilknat be-destroved since | wer e

obtai ned, [err]=1 fortheadividéd voltagenipplied #d'¢he undetlayerds abtise Rg is

U

10[err] times as Iarmbhqhem 9 ﬂ%s g Tabl e 11.
The char gi ng nenber gmk ”# down {?% unger er with the
er- V

phot or ecept or Iayer
to the

lspossxqﬁtohmxtthecurrcnt owing mto vhs

the defectxve parts and/or pimholes to such a current
value as not to enlarge them. Therefore, the invention
successfully prevents black or white stripes from ap-
pearing on the resultant image, and the poor transfer.

BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 is an equivaleat circuit of a defective part on

- a photoreceptor layer of 2 member to be charged ac-

cording to the present invention;

FIG. 2 is a schematic diagram showing a method of
measuring the area dependency of resistance of the
contact member according to the present invention;

FIG. 3 1s a graph showing the area dependency of
contact member resistance, measured by the method
shown in FIG. 2;

FIG. 4 is a schematic diagram showmg a method of
measuring the current dependency of resistance of the
contact member according to the present invention;

FIG. § is a graph showing the current dependency of
contact member resistance;

FIG. 6 is a graph showing the area dependency of
contact member resistance;

FIG. 7 is a graph showing the current dependency of
contact member resistance;

FIG. 8 is a graph showing the area dependency of
contact member resistance;

FIG. 9 is a graph showing the area dependency of
contact member resistance;

FIG. 10 is a schematic diagram showing a method of
measuring resistance of 2 contact member according to
the present invention;

FIG. 11() to 11{%) are cross sectional views schemat-
ically illustrating charging members fonmng contact
charging devices according to the present mvenuon,

FIGS. 12(0) to 12(d) are cross sectional views sche-
matically illustrating transfer members forming contact
transfer devices according to the present invention;

appl i ed



54 chargi ng nmenber. Check was nade as to whet
not the underlayer is dielectically broken down. From
study, we knew the fact that the voltage for charg-
surface of the nenber to be charged to a poten-

on the resistance of the charging nenber. Henc
Va to charge the surface of the 9 phot or ecept or
(V) were set as shown in Tabl e 11. The applica

vol tages continued fPIG. 13(a) and 13(5PRfe Rt Eetional views scl

her or

REPLACAMENR SHEET

{Tal depends

bt \Y; S
a/e?%t ofd’%w
ti on of The

x_.‘

matically showing members to be charged according to -

the preseat invention;

FIG. 14 is a schematic view showing an image form-
ing apparatus incorporating a contact charging device
according to the present invention;

FIG. 15 is a schematic view showing an image form-
ing apparatus incorporating a contact transfer device
according to the present invention;

FIGS. 16(a) to 16(d) are diagrams showing models of
typical defects frequently found in a photoreceptor

FIGS. 17(a) and 17(5) are diagrams showing models
of conductive paths through which current concentri-
cally flows from a contact member into a defect or a
pinhole formed in the photoreceptor drums;

FIGS. 18(g) and 18(b) are a sectional view schemati-
cally showing a contact charging device being in
contact with a photoreceptor layer marred by pinholes
and a sectional view schematically showing a method to
check whether or not the intermediate layer (or under-
layer) of the photoreceptor drum is broken down;

FIG. 19 is an equivalent circuit of a contact charging
device according to the present invention;

FIGS. 20(a) and 20(3) show a graph showing the area
dependency of resistance of the charging member and a
graph showing area dependency of resistance of the
intermediate layer of the photoreceptor drum;

FIGS. 21(a) and 21(b) 2re graphs for explaining the
gent dependency of resistance of a charging member;

FIG. 22 is a sectional view schematically showing an
image forming apparatus incorporating a contact charg-
ing device according to the present inveation.

DESCRIPTION OF THE PREFERRED

The preferred embodiments of the present invention
will be described with reference to the accompanying
drawings.

The defects of a photoreceptor layer to which the
present invention is directed will be described.

The defects that would be caused in the photorecep-
tor drum may be categorized into many types. A defect



The results were shown in Table 11. x indicates that I

under |l ayer is broken down, and [err] indicates that it REPLAC%R’E&”&‘EEET
br oken down. The vol tage applied to the undefl dyer, as

al r eady referred to, [err] 23 JAN 1998
and the cal cul ated val ues are described in the "divided

vol tage coI urms 10 TABLE 11 Menber a

b j R([err]) 1. 7E6

3. 5E6 6 9E6 1. 3. 5E8 Rq
(Lerr]) 1. 7E1§§§h%%'§;‘?§ 13@“’25%?%%&% plet 1. 2E12 1. 7E12
3. 5E12 Va(-V) 270 1300

1357 Di vi ded c,@magMdmycrzmA bl h016863hé4vn in 32 17

vol tage (-V) FIG 16(b) exists in the photoreceptor layer 72. A defect

77 shown in FIG. 16(c) passcs through the photorecep-
tor layer 72 to reach the underlayer 71. A defect, or a
pinhole 78, shown in FIG. 16(d), passes through the
underlayer 71 and the photoreceptor layer 72 and
reaches a drum body (or the conductive jayer) 70.

Most of the defects reaching the drum body 70 arc
surely checked by the inspection before delivery be-
cause the opening diameters of the defects are large.
The products suffering from such defects are removed.
Usually, the products after delivered are aimost free of
the defects. The defects as shown mm FIGS. 16(a) to
16(¢c), too small to mark in the inspection, may grow to
be large to pass through the underlayer during the use
of it, as will be described later.

The defect ranging from the photoreceptor layer to
the drum body, viz., a defect destroying both the photo-
receptor layer and the snderlayer, will be referred to as
a “pinhole”.

~ When a electrophotographic process is carried oat
using a photoreceptor drum in which a defect exists
only in the photoreceptor layer, toner and dusty mate-
rial enter the defect 77 of the photoreceptor layer as
shown in FIG. 16{(c) to form a conductive path 80 rang-
ing from the surface of the photoreceptor layer to the
underlayer (FIG. 17(2)). The same enter the defect 75 of
the photoreceptor Iayer as shown in FIG. 16(z), thereby
forming a conductive path 80 (FIG. 17(5)). In the de-
fects, even such tiny defects (FIGS. 16(a) and 16(5)), a
thinned part 75a of the photoreceptor layer 72 is
formed. The divided voltage assigned to the photore-
ceptor layer 72 is small, so that the voltage applied to
the underlayer 71 is large. To extremes, the underlayer
will be destroyed.

Specifically, if the conductive path 80 is once formed,
the voitage to be shared to the photoreceptor layer is
almost applied to the underlayer in the chargmg,
fer, and discharging stages. An overvoltage in excess of
the breakdown voltage acts on the underlayer. Conse-
quently, the underiayer will be dielectrically broken

‘down.




As seen also from Table 11, in the case of the nmem TS

d, a voltage higher than the breakdown volt- RE{%%N@? §HEET
applied to the underlayers, so that the under l'ayer 1S brokep
down. In the case of the nenbers e to j, afdijvided jxwlisgioe

| ower than the breakdown voltage, is appli ¢d{thereto. Then]
the underl ayer will not be bro- 11 ken down.

Each of the nenbers a to j was pressed agai nst a menber to be
charged in which a defect of 0.28 (mjerr]) -was formed i n the

phot or eceptor | ayer at tHEhemauroent flows from the cootartmemberapplied per unit
area is equal to that iwitheoltage through thisesondwuctive patts 80cmtnithe The

menber is arranged SO agrum body 70. At tifis tHA8, {i¥ barfeRd Hifjger dhiad A0n of the
menber to be o ambg}eprrent was

the reversal devel oprren'tl. n PSE'E)JP@ ﬁeﬁm !atthispa% tohc,
13%11" er the
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e.cas
currents | eaked at the %‘é ."chﬁ
entire range of the ni pﬁg&%ﬁﬁ@ngﬁ%\‘fﬁemw ap 78 as shown in

The Joule heat damages not only the photoreceptor
drum but also the contact member, which generates
charges in the charging and transfer steps in the electro-
photographic process.

Our study on this mechanism showed the following
facts. In order to enable the photoreceptor drum suffer-
ing from the defects and/or pinholes, viz., to keep the
photoreceptor drum operable in a state that the stain on
the image owing to the defects and pinholes is negligible
in practical use, the following two conditions must be
satisfied:

1) When the defect exists only in the photoreceptor
layer, the defect must be confined within the photore-
ceptor layer. In other words, it should not be grown till
it reaches the underlayer.

2) Even if the defect grows into a pinhole, Joule heat
caused by the concentric current flowing into the pin-

- hole must be suppressed to such a degree as not to dete-
riorate the photoreceptor layer and the contact mem-

ber.

Where those conditions are satisfied, the tiny defect
will not grow to cause such a detrimental state as forma-
tion of black or white stripes in the image and replace-
ment of parts. -

The Joule heat generated in the pinhole is thermal
energy proportional in quantity to the product of the
resistance in the pinhole and the square of curreat,
which is allowed to flow because of presence of the
conductive path formed when toner particles and/or
dusty material entering the pinhole is made conductive
and the conductive property, although slight, of the
photoreceptor layer per se. Therefore, the sum of a
resistance of the foreign material put in the pinhole and
a resistance in a partial area or region of the photorecep-
tor layer, which is located near to the pinhole becomes
problcmatic.
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I mges at the rotation periods. After the experinent, it LsﬁE@r{W}W@J SHEET |
that the resis- tance of the underlayer of the part right underf the de-
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restrictive control of current, the volume resistivity of

the contact member can imperfectly describe the resfs-

tance of the contact member. Other key factors must be

taken into consideration. One of the key factors is 2

resistance as seen from the pinhole, viz., a resistance,

which varies depending on a current value and an area,

of a part contributing to generation of Joule heat in the

pinhole. This resistance will be referred to as “pinhole

resistance Rq”.

The current flowing from the defect of the photore-

ceptor layer into the photoreceptor drum, of necessity,
passes through the underlayer. Accordingly, a resis-
tance in a part of the underlayer at 2 location corre-
sponding to the defect of the photoreceptor layer, viz.,
a resistance in the part of the underlayer when seen
from the defect of the photoreceptor layer, is another
key factor. This resistance will be referred to as “under-
Iayer resistance rq”.
" These resistance cannot be calculated on the basis of
only the volume resistance of the material. The calcula-
tion based on the ratio of {voltage acting on each
layer)/(flowing current) is right.

Let us consider the pinhole resistance Rg necessary
for satisfying the two conditions referred to above:

1) When the defect exists only in the photoreceptor
layer, the defect must be confined within the photore-
ceptor layer. In other words, it should not be grown till
it reaches the underlayer.

2) Even if the defect grows into a pinhole, Joule heat
canscd by the concentric current flowing into the pin-
hole must be suppressed to such a degree as not to dete-
riorate the photoreceptor layer and the contact mem-
ber.

< <Condition [> >

A model of voltages shared by the underlayer resis-
tance rq (resistance of the underiayer when seen from
the defect or the pinhole) and the pinhole resistance Rq
at the defective part of the photoreceptor layer is sct up.
Then, the condition to prohibit a voltage in excess of
the breakdown voltage of the underlayer from being
applied to the underlayer is obtained.



periods. Qur visual check showed that the defect of the ne PLAGEMENT SHEET |
charged was enlarged to be a pinhole of about 1 (mjerr]).] | f
the nenbers e to j, no leak current was observed, and no b

appeared in the imges. 20,000 sheets of prints was gai ned

satis- factory in practical use. After 20,000 sheets of pr} nts—ret Lhc.
expansi on of the defect nor breakdown x& the underl ayer was observed by our
vi sual check. In <EXA|VPLE 10>, the charging nenber and the TmemMmDET—to—be
charged are both 0y %@E@ﬁsﬁ?@d‘ t}ﬂ? ,@ﬁttﬂm ﬁ-gm ghence.

Therefore, even i lm ‘?Re‘ '09” to the defect
of 0.28 (mjerr]) re gﬁqrge Lhe nmenbers e to
j will not break er), and the

defects will not l@mmm(mmﬁbﬁ&he wnmaecn\hss r med.
EXAMPLE 11  The woﬁf&redéfethofdmmtdrecq«torﬂaygahmngh hi gh- nol ecul ar
organi c | ayer of which thga&ﬁé§mp@, dusty material eatering the

m‘w since those are made conductive in the*defect as

def gbove. The second conductive path is the side

wall of the defect.
The structure of the surface region including the

defect may be equwakmtly expressed by an electric

wcnlt as shown in FIG. 1.
In the equivalent circuit of FIG. 1, the voltage shared

to the underlayer resistance rq can be expressed by
.‘ .Vaqu/(rq-c-Rq).

where Va indicates the voltage applied to the coniact
member. The voltage shared to the enderlayer is lower
than the breakdown voltage V't of the underlayer when

the following relaticn holds

| P| = | Va| X rg/(rg/-+Rg) whea | ¥t| | Val.

Since VaxVi=0,
RqZrgX(Va—V)/Vt (3]

When |Vt|>|Va|, no breakdown of the underlayer
takes place. Accordingly, a current vaine j (zA) al-
lowed to flow into the defect of the photoreceptor layer

|15 [ Va] X 105/Rg-+ .

Thence, it is required that the following inequality is
satisfied.

Rg+-rgZVax 105/} @

< < Condition 2> >

When the defect grows into a pinhole, the contact
member comes in electrical contact with the drum body
made of metal through the conductive path by the toner
particles and/or dusty material, as described above. In




was controlled by a resistance control agent. The con- ductiv

| ayer of the charging nmenber was nade of an open-cell type ur t;ﬁéﬁéb#@% SHEET
which the cell dianmeter is 30 ([err]m when neasured by the bubple point
met hod. The remai ning construction was the sane as that of EXAMPLE3LQARIIES
t he experinments conducted were substantially the sane as those pf EXAMPLE

10. The specifications of the underl®4er were: the break d vol tage Vt=
-400 V, resistance. Rpz.1 X 1 err] ([erré'.)h (cur en,t i s -4 err]A_ and
the area S was 6.2 ( € resistance e conductive s 56

erably low since the underlayer of insulating material as

described above is not set between the photoreceptor

layer and the drum body. .
As in the case of the condition 1, when |Vt|>|Va|,

Reg=Vax 106/k. £))

where V2 indicates the voltage applied to the contact
member, and k (gA) is a value of the current allowed to
flow into the pinbole, viz, a maximaom current value
defining the upper limit of Joule heat capable of sup-
pressing a further growth of the pinhole.

Here, the value of the current allowed to flow into
_the defect or pinhole means the maximum current value
‘defining the upper limit of Joule heat capable of sup-

pressing a further growth of the pinhole and preventing
deterioration of the contact member.

Tt is difficult to actually measure the pinhole resis-
tance Rq and the underlayer resistance rq since the area
of the defect or pinhale and the current flowing there-
through as well is extremely small. More adversely, it is
found that the pinhole resistance Rq is not coincideat
with the value calculated by the following equation

Rg=p X L/s

where p is the volume resistance of the contact member
thickness of the coantact member is L, and the area of a
defect (or pinhole) is s.

To be more specific, we found the following facts (1)
and (2).

(1) An electrode is formed at an extremely small area
of a2 material of relatively high volume resistivity. Cur-
rent is concentrically fed into the small area. In this
case, the current path expands to be larger than the
projection area of the electrode. The resistance value
actually measured is smaller than an apparent resistance
value, viz., a resistance value {ed from the conductive
path dimensionally coincident with the area of the elec-
trode, by a value corresponding to the expansion of the
curreat distribution. This phenomenon is called a fringe
effect. In other words, the resistance value simply cb-
tained by the current flowing from the contact member
into the pinhole and the voltage causing that current is
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into the pinhole through the contact member made of
such a material, the applied voltage ponlinearly vanes
depending on the value of the current flowing there-
into. Accordingly, the resistance of the contact member
also varies depending on the current flowing into the
pinhole.

Accordingly, in handling the pinhole resistance Rq
and the underlayer resistance rq, the above two facts
must be considered. Otherwise, it is impossible to derive
actual conditions for preventing the deterioration of the
photoreceptor drum and the contact member.

In the description to follow, the phenomenon as the
fact (1) is refexred to as “area dependency of resis-

tance”. The phenomenon as the fact (2) is referred to as.

“current dependency of resistance™.

The “area dependency of resistance” of the contact
member means an area dependency of a resistance
when, in a state that measuring electrodes of different
areas are brought into contact with a portion where the
contact member comes in contact with the photorecep-
tor layer, currents are fed to between the measuring
electrodes and the electrode of the contact member, at
the same current deasities.

The “area dependency of resistance” of the vnder-
layer means an area dependency of a resistance when, in
a state that measuring electrodes of different areas are
brought into contact with the photoreceptor drum hav-
ing only the underlayer, currents are fed to between the
measuring electrodes and the conductive layer (or drum
baody), at the same current densities.

FIG. 2 is a diagram showing a method of measuring
the area dependency of resistance of the contact mem-
ber according to the present inveation. In this instance
of the embodiment, an object to be measured is a
contact member as a one-layer roller.

A. contact member 101 consists of a conductive base
member 102, shaped like a rod, and a conductive elastic-
layer 103 layered on the base member 102. Measuring




the nenbers were al so shown therein.

under | ayer,

The voltage divided to the
as already referred to, [err] and the cal GtHai-eah-alttSbrmm

of the voltage are also shown in Table 12. In Table 12, thes¢ BERU@EMENTFW”

in the colum "Divided voltage"”. The cal culation results of the
relation are also described in Table 12, in the colum "Refelen
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to the underl ayer depends on resistance values Rp and Ru, not t
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against the curved surface of the contact member 101
by means of a pressing means, not shown. Wires led
from the measuring electrodes 104 to 106 are connected
to a switch 108, which is connected to the conductive
mber 102, through a current source 109 of

which the voltage can be monitored (SOURCE MEA-

SURE UNIT type 237, manufactured by KEITHLEY

tion, and the current source will be referred to

o5 & power source). The power source 109 feeds current

ot a fixed current density. The resistance values of the

contact member 101 with respect to the measuring elec-

es can be measured by operating the switch 108. It

is preferabie to set the measuring electrodes 104 to 106

on a ceatral portion of the contact member rather than
an end portion thereof. The reason for this is that in the
central portion of the contact member, the current ex-
ing area is larger than in the end portion thereof, so

that the fringe effect can be more distinctly confirmed.

FIG. 3 is a graph showing the area dependency of
contsct member resistance, thus measured by the
method as mentioned above. The abscissa represenis
logarithmic values of the area of the measuring elec-
trode, while the ordinate, logarithmic values of the
measured resistance. The measured values, when plot-
ted on the graph, can be connected by a straight line
inclined at —JB. 1 —A is defined as the area dependency
of resistance of the contact member.

The resistance of the underlayer was measured in a
similar way. The measured resistance values, when
plotted, could be connected by a straight line inclined at
—a, different from —B. 1—a is defined as the area
dependency of resistance of the underlayer.

As a matter of course, when the resistance value is
reversely proportional to the area, that is, the resistance
has oo area dependency, 8=1and a=1.

The current dependency of resistance of the contact
member means the current dependency of resistance
when a measuring electrode of an area, which is sub-
stantially equal to an area S (cm2) where the contact
member actually comes in contact with the photorecep-
tor layer, is brought into contact with & portion of the
contact member where it is in contact with the photore-
ceptor layer, and different currents are fed to between
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ber of the contact member,

FIG. 4 is a diagram showing a method of measuring
the current dependency of resistance of the contact
member according to the present invention. In this
mstance of the embodiment, a contact member is a one-
layer rolier. In the subsequent drawings, like portions
g designated by like reference numerals, for simplic-

A contact member 101 consists of a conductivc base
member 102, shaped like a rod, and a conductive elastic-
layer 103 layered on the base member 162. A measurin
electrode 107 of an area, which is substantially equal to
an area S (cm?) where the contact member 101 actually
comes i contact with the photoreceptor layer, is
pressed agamst the surface of the contact member 101
py a pressing member, not shown. A power source 109
Is connected between the measuring electrode 107 and
the conductgvc base member 102. While varying the
current flowing to between the measuring electrode 107
and the conductive base member 102, a load voltage
wu_scd between the contact member 101 and the mea-
suring electrode 107 is measured, whereby current val-
ues and voltage/current ratios are obtained. Using those
values, the current dependency of resistance of the
contact member 101 is obtained. The measuring elec-
trode 107 is preferably shaped so that the contact mem-
ber well contacts with the photoreceptor layer.

FIG. § is a graph showing the current dependency of
contact member resistance, measured by the method
shown in FIG. 4. The abscissa represents logarithmic
values of current, while the ordinate, logarithmic values
‘of resistance. Measured values were plotted on the loga-
rithmic graph.

When the resistance of the contact member has a
current dependency, the measured values are connected
by a straight line inclined at —. This value y is defined
as the current dependency of resistance. As a matter of
course, when the resistance has no current dependency,
r=0.

Description to follow is how to derive the pinhole
resistance Rq and the underlayer resistance rq and the
counditions for satisfying the formulae (1) to (3)
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di vi ded vol tage hi gher than the breakdown volt- age Vt is

applied to the underlayers, so that the under- ' ﬁ%‘é n
down. In the case of the nenbers g to t, ad vﬁé eﬁe@)@F@B ‘F
| ower than the breakdown voltage, is appl i ed} thereto. Then,

t he under| ayer

will not be bro- 18 ken down. Inlthi2 3cakdl 1998
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when seen fromthe defect or pinhole and thef resistance of the
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i mages voltage Vi (V), is applied to the contact area S (cm?) of

the underlayer, and the carrent density i/S (RA/cm?) is
constant. A resistance value of the contact member at
an area s (cm?) of the defect of the photoreceptor layer
is the pinhole resistance Rq. The resistance Rq can be
expressed by

 log (Rg)=log (Ry)+Bxlog (5/5) @

where Ry is a resistance value of the contact member in
the area S, and —§ is am inclination of the graph.

FIG. 7 is a graph showing the current dependency of
contact member resistance. As described above, in this
graph, the contact area S (cm?) of the acteal photore-
ceptor layer and the contact member is set at a fixed
area. In the graph where i (pA) is a carrent which flows
when a voltage, slightly lower than the breakdown
voltage Vt (V), is applied to the contact area S (cm?) of
the underlayer, and i/S is a current density i/8S, a point
A in FIG. 6 corresponds to a point B in FIG. 7. The
points A and B indicate a measured area and a current
value, respectively, at the same resistance value. The
folowing equation holds

(R)=log (Ry)+yxlog (1), ®

where current flowing into the photoreceptor layer is I
(»A) when the voltage Va is applied to the contact
‘member, and 2 resistance value of the contact member
when that current flows is R ((2). Rearranging the equa-
tions (4) and (5), we have

log (Re)=log (R)+Bx log (5/5) —yXlog (/1) ©®
Consider the underlayer resistance rq in the portion

of the underlayer to which the defect of the photore-
ceptor layer is projected.
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From the formulae (1), (6) and (7), we have

Zlog {RoX(Va— Vll/ﬂ}-i-(a—mxlog
bfs%)+1xlog @n ®

< <[Vt|>|Va] in the case (D> >

Consider first the pinhole resistance Rq.

FIG. 8 is a graph showing the area dependency of
coutact member resistance. In the graph, j (zA) indi-
cates current allowed to flow into the defective part
area s {cm?) of the underlayer, and a current density j/s
QmAanﬂa1sccmsunn;l\tessunux:vahm:cfthecnnumm
mbermtheamsrsthepmholcmstancekq As-
suming that a resistance value of the contact member in
thcanm;S(bnﬂDisIbLthefbﬂouﬁngenpaﬁonlxﬂds

log (Rg)=log (R2)-+8Xlog (5/3) ®

FIG. 7 is a graph showing the current dependency of
contact member resistance. As described above, in this
graph, the contact area S (cm?) of the actual photore-
ceptor layer and the contact member is set at 3 fixed
arca. If a current jXS/s (xA) is fed to the area S (cm?),
a point C m FIG. 8 corresponds to a point D in FIG. 7.
The points C and D indicate a measured area and a
current value, respectively, at the same resistance value
Rz. The following equation holds

log (R)=log (R2)+yxlog (/XSAIXD} (10
where current flowing into the photoreceptor layer is I

(2A) when the voltage Va is applied to the contact
member, and a resistance value of the contact member
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Consider the underlayer resistance rq in the portion
oftheundertayu' As described above, the underlayer

resistance rq is given by
log (rg)=log (Rp)+axlog (S/5)

- a9

whexekp(n)ls;rmstancewhen cnrrentij/s(BA)xs
fed into the area S (cn?), and the area dependency of
resistance of the underlayer is 1 —a. From the formulae

(2), (11) and (12), we have
A+BZ Vax 105/
where

log A=log (R)+(B—7)xlog (S/5) —yXlog (/D

log B=log (Rp)+aXlog (S/s)

< <Case (2)>>

(13)

FIG. 9 is a graph showing the area dependency of

contact member resistance. In this graph, k (1A)

mdi-

cates current allowed to flow into the pintiole part area
s (cm?), and a current density k/s (pA/cm?) is constant.
A resistance value of the contact member in the areasis
the pinhole resistance Rq. Assuming that a resistance
‘value of the contact member in the area S (cm?) is Rx,

the following equation holds
log (Rq)=log (Rx)+Bxlog (5/5)

(19

FIG. 7 is a graph showing the current dependency of
contact member resistance. As described above, in this
graph, the contact area S (cm?) of the actuzal photore-

" ceptor layer and the contact member is set at 2

fixed

area. If a curreat k XS/3 (uA) is fed to the area S (cm32),
a point F (FIG. 7) corresponds to a point E in FIG. 9
The points E . and F indicate a measured area and a
current value, respectively, at the same resistance value

Rx. The following equation kolds
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log (Rg)=log (R)+(8—7)Xlog (S/5) —rXlog (-/D) ae
From the equations (3) and (16), we have

log (Ry=log (Vax 105/k)+(y—B8) X tog (S/5)
+yXlog (&/1) an

The graphs of FIGS. 6 to 9 showing the area depen-
dency or the current dependency are valid when the
contact member and the underlayer are made of a spe-
cific material. The same graphs are valid also when
another material is used for thosc members except that
the inclination and segments in the graph are different
from those in the graphs of FIGS. 6 t0 9.

A method of measuring resistance R (§)) of the
contact member will be described.

The contact member is pressed against the photore-
ceptor layer ender actual conditions (in this case, the
contact area is S (cm?)). The photoreceptor drum is &
rotated and moved under actual conditions, and the
contact member is rotated, fixed and moved under ac-
tual conditions. The voltage Va is applied to the contact
member. In a case where the contact member is a
contact transfer member, measurement is made in state
that a transferred-image recording media, such as a
recording paper, is not see between the
layer and the confact member. Under this condition, a
carrent I (1A) flowing into the photoreceptor layer is
measured.

FIG. 10 is a schematic diagram showing a method of
msmngrmtanceofaconuctmemberamdmgto
the mmmventmn.lnthxsmstanceoftheembodt-
ment.anobjecttobemeasuredlsacontactmcmberml
as a one-layer rolier.

A metal electrode 110 is used in place of the photore-
ceptor drum. The contact member 101 is pressed against
the metal electrode 110 ynder actual conditions. The



ductive base nenber 11 of the charging nenber 10 is conside Mepier
than that of the conductive elastic- layer 12, and negligi b”gﬁé%gwm? SHEET

resi stance of the conduc- tive elastic-layer 12 is represenfed by .

resi stance 160 of the conductive elastic-1ayer 12. \en th¢ phdtdbrbiie898
tor layer is not marred by a pinhole, current fed from
59 t he power source 60 flows into a @&pacitor 163 of the |photorecptor

| ayer, through the-resistor 160.The volt- age fromthe powsstsaource 60 has
the sane polarity ametdloelectrodgi 830 id thtee il Ghepdixection o int he pi nhol e
IS arrow W under actual conditions. The contact member
101 is rotated, fixed, and moved under actual conditions
(in the case of FIG. 19, it rotates following the rotation
of the metal electrode 110). Under this condition, a
power source 109, which is connected between the
conductive base member 102 of the contact member 101
and the metal electrade 110, is operated to feed current
, to.the member-electrode circuit. A resistance
value is calculated using the voltage applied at this time.
e resistance thus .measured is defined as a resis-
cance R (€) of the contact member.

The method of measuring the breakdown voltage Vit
of the underlayer and the resistance Rp thereof will be
described. '

A test piece used was a drum body having only an
underlayer layered thereover, not having the photore-
ceptor layer. The drum, serving as the base layer, was
made of conductive material, such as metal. A member
of a volume resistivity at least lower than a tenth part of
that of the underlayer is pressed against the test piece so
as to have an area of S {cm?2). Voltage is applied be-
tween the low resistance member and the coaductive
layer of the photoreceptor drum. After the application
of the voltage continues for a preset period of time, the
voltage is increased. The voltage is measured when the
underlayer is dielectrically broken down.

Needless to say, when |Vt]> [Va|, the dielectric
breakdown never takes place in the underlayer. A resis-
tance of the underlayer when current j X S/s (uA) is fed
to the area S (cm?) is Rp () where j (A) is the current
allowed to flow into the area s (cm?) of the underlayer.
. If tbe values of R, Rp, V3, Vt, 1, i, j, k, S, 5, a, B, and
+ thus obtained satisfy the formula (8), (13) or (17), even
if the photoreceptor drum is marred by pinholes, re-
markable deterioration of image quality and the damage
of the members can be preveated.

The same thing is true for a case where the member to
be charged and the contact member are supported
while being spaced with a minuie gap thercbetween.
The reason for this follows. Since the resistance R is the
resistance measured by the method shown in FIG. 10,
the resistance R reflects a state of the contact of the
phbotoreceptor layer and the contact member. In this
case, the contact area S does not exist since the member



in an off state, the capacitor 163 of the photoreceptor |ayer retains

charges therein. When a pinhole is forned in the photorec %ﬁi—
the switch 1 %é@@%ﬁ@ﬁ EET

by foreign material m xed thereinto or scratch,

on. The voltage Va fromthe power source 60 is applied to acfo$s the gross
resistance of the charging circuit nodel, viz, the sum (Ra+Rp)|of? % hi#y 1998
resi stance (denoted as Ra) of the condwstive elastic- |ayer fl2Land _the
resi stance (denoted as Rb) of the inter- nediate |layer. The ol tage shared

by the resistor 162 qig bé'eharsd] REAbLEE chatit W&M hen. we

If the

A0
h R
p?xﬁm eis fE)(ra:nre!j mﬂé@ﬁ%@c&%&“ﬁ% f ?%émiaﬂﬁayer wi l |

not be broken down s ..
In actual use conditions in a state that the member to be
charged is substituted by the metal electrode is defined
as resistance R. In this instance, the term indicative of
the area dependency is O (zero) Accordingly, log (S/s)
in the formulae (8), (13) and (17) is 0.

In a case where the member to be charged has no
underlayer and the photoreceptor layer is directly lay-
ered on the conductive layer, a defect of the photore-
ceptor layer, if passing therethrough, is the pinhole
Therefore, only the case (2) for the defective drum is
valid for the photoreceptor drom not having the under-
layer. In other words, satisfaction of the inequality (17)

“suffices for that drum.

Th.e application of the invention for an actual image
forming apparatus based on the electrophotography
system will be described.

FIG._II shows cross sectional views schematically
fllusu-at.mg charging members forming contact charg-
ing devices according to the present invention. In FIG.
11, a charging member 10 is in contact with 2 member
to be charged S0, and like portions are designated by
like reference numerals.

In FIG. 11(g), the charging member 10 takes the form
ofa rollgr. A conductive elastic-layer 12 is layered on a
oonduthc base member 11. The conductive base mem-
ber_ 11 is made of any of metal, alloy, carbon dispersed
resm, metal powder dispersed resin, and the fike. The
metal may be any of iron, aluminum, stainless, brass and
the like. The conductive elastic-layer 12 is made mainly

- of a material selected from among those materials of
material group 2) to be given later and a material ge.
lected from among those of material groups b)-1 ta b)4,

In FIG. 11(}), the charging member 10 also takes the
form of a roller. A conductive elastic-layer 12 is layered
on a conductive base member 11. A surface layer 13 is
layered over the conductive elastic-layer 12. The con-
ductive base member 11 is made of any of metal, alloy,
carbon dispersed resin, metal powder dispersed resin,
and the like. The metal may be any of iron, aluminym,
stainfess, brass and the like. The conductive elastic-
layer 12 is made mainly of a material selected from
among those material of the group a) and a material




as the voltage Vc is bel ow the breakdown voltage (de- noted as_Mh) of the

intermedi ate |ayer. Under this con- dition, the current (denptpgg )y
restricted by the sumresistance (Ra+tRb), is allowed to flow. \AkR@FI\fArLTVﬁL'EET

the intermediate |ayer is broken down, and the current (denotjed a?C £
restricted by the resistance Ra | eaks. Since |1<l2, an incredsegd dr g Nt 1533
fl ows when the internediate Iayer i s b#bken down. Accordl ngl

and Rb are selecte s t he foll eullt |
W > Va xmmé S%PgﬂfsPa Yhtihe B

will not be appli Bl'ﬁlf "eVB’l“Wn énﬁipnhol e is formed
in the phot or eceptmal frgyeamgng nmaterials ofimatenial @robpso or scrat ch.
Accordingly, the ig}kktoej3ate Iayer is not broken down and no | eak current

flows. No voltage qpdPIGalte)heccharginy Redhber 10 alic@kesithepe nor a white
form of a roller. A conductive elastic-layer 12 15 layered
on a conductive base member 11. A resistive layer 14 is
layered over the conductive elastic-layer 12. The con-
ductive base member 11 is made of any of metal, aljoy,
carbon dispersed resin, metal powder dispersed resin,
and the tike. The metal may be any of iron, aluminum,
stainless, brass and the like. The conductive elastic-
layer 12 is made mainly of a material selected from
among the materials group a) and a material selected
from among those of the groups b)-1 to b)4. The resis-
tive layer 14 is made mainly of a material selected from
the materials of the group 2}, and materials from among
.those the groups c¢)-1 to c)-3.

The conductive elastic-layer is of the solid type or the
foamed type. When it is of the foamed type, cell diame-
ters of cells in the base region of the layer maybe larger
than the cell diameters in the surface region. A solid
skin layer may be provided on the surface of the foamed
layer. The surface layer protects the conductive elastic-
layer, and prevents low-molecular weight composi-
tions, nonreactive compositions, additive, and the like
from oozing out of the conductive elastic-layer. In a
case where the charging member of the roller type is
used, the peripheral speed of the photoreceptor drum
may be equal to or different form that of the roller.

The charging member 16 shown in FIG. 11(d) takes
the form of a brush roller. A brush 15 is commected or
bonded onto a conductive base member 11. The con-
ductive base member 11 is made of any of metal, alloy,
carbon dispersed resin, metal powder dispersed resin,
and the like. The metal may be any of iron, alummnum,
stainless, brass and the Jike. The brush 15 is made mainly
of a material selected from the materials of the group a)
and materials selected from those of the groups b)-1 to
b)+4 and c)-1 t0 ¢)-3. In use, those materials are formed
into fibers.

The charging member 10 shown in FIG. 11(e) takes
the form of a deck brush. A brush 15 is connected or
bonded onto a conductive base member 11. The con-
ductive base member 11 is made of any of metal, alloy,
carbon dispersed resin, metal powder dispersed resin,

—.\a
hence




stripe appears in the printed i-mage. Since no |leak cur-

60 rent flows after a pinhole is forned in the photorecepto ¥
pi nhole will not grow, so that the photorecep- tor |ayer narré’tfgﬁcEMEﬂT SHEET |
pi nhol e can be used for a long tine. The application of thge fmvemntTormr—or
an actual image form ng apparatus based on the el ectrophotogfaphy Y98
wi Il be decribed. The charging nenber28sed in the contact chafglng “device

of the invention is_already_described with reference to FIG§ TII{a) tO
11(f). As a and the like. The metal may be any of iron, aluminum,

stainless, brass and the like. The brush 15 is made mainly ™
of a material selected from the materials of the group a)
and materials selected from those of the groups b)-1 to
b)-4 and c)-1 to ¢)-3. In use, those materials are formed
into fibers.

The charging member 10 shown in FIG. 11() takes
the form of a blade. A conductive elastic-layer 16 is
connected or bonded onto a conductive base member
11. The conductive base member 11 is made of any of
metal, alloy, carbon dispersed resin, metal powder dis-
persed resin, and the like. The metal may be any of iron,
aluminum, stainless, brass and the [ike. The conductive
elastic-layer 16 is made mainly of a matenial selected
from the materials of the group a) and materials selected
from thase of the groups b)-1 to b}-4 and ¢)-1 to ¢)-3. In
use, those materials are relatively rigid and shaped into
a plate.

The charging member 10 shown in FIG. 11(g) takes
the form of a film. A conductive film 17 is connected or
bonded onto a conductive base member 11. The con-
ductive base member 11 is made of any of metzl, alloy,
carbon dispersed resin, metal powder dispersed resin,
and the like. The moetal may be any of iron, aluminum,
stamless, brass and .the like. The conductive film 17 is
made mainly of a material selected from the materials of
the group a) and materials selected from those of the
groups b)-1 to b)-4 and c}-1 to c}-3. In use, those materi-
als are flexible and shaped into a plate.

The charging member 10 shown in FIG. 11(k) takes
also the form of a fil. A sheet-like means consisting of
a resistive Iayer 14 layered on 2 conductive film 18 is
folded back not forming a crease. The mated part of the
sheet-like means is comected or bonded to 2 conductive
base member 11. The ‘conductive base member 11 is
made of any of metal, alloy, carbon dispersed resin,
metal powder dispersed resin, and the like. The metal
may be any of iron, aluminum, stainless, brass and the

like. The conductive film 18 is made mainly of a mate-
rial selected from the materials of the group a) and
materials selected from those of the groups b)-1 to b)4
and c)-1 to c}-3. In use, those materials are shaped into
- a tear drop. The resistive layer 14 is made mainly of a
material selected from those of the group a), and a mate-
rial from among those of the groups c)-1 to c)-3.



matter course, the structure and the material of the chargin T are ;
not limted to those described in connection with FIGS. 11(a §§ﬂ§§EMfNT§ﬁEET
exanpl e, a solid discharge nenber can be used, although it i Sed =
noncontact fashion, that is, a gap of several [err]mto sevefa quqrmmgmnl
I s kept between the surface of the solid discharge nenber an he surface
of the photoreceptor layer. The resista@&e Ra is a resistance 1 n the
portion ranging framthe conductive support nenber of the solid discharge

menber to the surface r A ﬁ‘i‘n 40 i1 3 t, b&éance of the
char gi ng nenber. i tfﬁ Ce 1S é{%ﬁiﬁﬁ?g&&!tﬁﬂt %%ﬁ nal to the
contact area of the ARG VAtH oAl hg e ]gbé%‘g e el ectrodes
of different sizes wAYeSEUSHED the. formulae, § ’h( Bgch t he

' L) er and the

char gi ng menber. And stmstureof thacharging member s natlipit
el ectrodes were neas iligstrafBdeinFIGS: d1(aktoti(A)f and the matenalsefe pl ot t ed
with respect to the $ 265 not lidifled to those materials stated referring to

those figures. The voltage applied to the charging mem-

ber may be DC voltage (DC current) or voltage formed

by superposing AC voltage on DC voltage.

The study by the inventors showed that when the DC
voltage is applied to the charging member, a correlation
exists among the resistance value R of the charging
member that is measured by the method shown in FIG.
10, the applied voltage Va, and the charged potential Vs
of the member to be charged. More specifically, when

“the resistance R of the charging member i approxi-
mately 5% 107 (1) or more, the voltage Va to gain
Vs=—600 (V) is Va= —1.17 (kV). Further, when the
resistance R increases, the absolute value of the voltage
Va exponentially increases. If the voltage Va to gam
Vs=—600 (V) is Va=—2.0 V), R=3x108 (Q).
Therefore, the resistance R of the charging member .
must be 3 X 108 (Q), preferably 5X 107 (Q) or less.

The application of the invention for a transfer mern-
ber of the contact transfer device will be descnibed
referring to F1G. 12. In the figure, a transfer member 20
is in contact with a2 member ta be charged 50, and like
portions S are designated by like reference numerals.

In the transfer member 20 shown in FIG. 12(a),
which takes the form of a roller, 2 conductive elastic-
layer 22 is layered On a conduactive base member 21.
The conductive base member 21 is made of any of

- metal, afloy, carbon dispefsed resin, metal powder dis-
persed resin, and the like. The metal may be any of iron,
aluminum, stainless, brass and the like. The conductive
elastic-layer 22 is made mainly of a material selected
from among those materials of the material group a) and
a material selected from among those of the material

ups b)-1 0 b)4.
gl‘CI,np:hc transfer member 20 shown in FIG. 12(5),
which also takes the form of a roller, a conductive ¢las-
tic-layer 22 is Jayered on a conductive base member 21.
A surface layer 23 is further layered on the conductive
elastic-layer 22. The conductive base member 21 is
made of any of metal, alloy, carbon dispersed resin,



el ectrodes. The fact that the resistance is not inversely proportlonal to
the contact area of the charging mem ber with the electrod
fromthe graph. FIG 20 shows a gaph show ng the area dep
resi stance of the charging nmenber and a graph show ing the jar
of resistance of the internedi- ate |ayer of the photoreceptfor cgrgm

each of these graphs, the abscissa rep2esents common | ogari tthrfi c var“ue tﬁ
the el ectrode area, S ( err])., while the ordinate represenfs CO

| ogarithnic val ueBeRl pawdst resim pnd, the like.gTRgMELR] char act er | stic
straight line (A mawdb@mso&:masahuam,ommiesscha@ and theber

acteristic rectillikealheiconduBivieselastic-boert2d isvnadé maimly oft ance of t he
i ntermedi ate | ayeg.mdieeiaiseRictdd fromicsmoRE thosé Meatetfdighf the) in FIG
20(b), and (B) | NofahftialPdlip §) Gnld"f 'hatefial belebted Hom®ithohg"c® ' S
inversely proport yold' of the material groups b)-1 to b)}4. The surface

Tayer 23 is made of a matenal selected from those mate-

rials in the groups ¢)-1 to c)-3.

In the transfer member 20 shown in FIG. 12(c),
which also takes the form of a roller, a conductive elas-
tic-layer 22 is layered on a conductive base member 21.
A resistive layer 24 is further layered on the conductive
elastic-layer 22. The conductive base member 21 is
made of any of metal, alloy, carbon dispersed resin,
metal powder dispersed resin, and the like. The metal
may be any of iron, aluminum, stainless, brass and the
like. The conductive elastic-layer 22 is made mainly of
a material selected from among those materials of the
material group a) and a material selected from among
those of the groups b)-1 to b)-4. The resistive layer 24 is
made mainly of a material selected from among those
materials of the material group a) and a material se-
lected from those materials in the groups c)-1 to ¢)-3.

In the transfer member 20 shown m FIG. 12(d),
which takes the form of a brush roller, a brush 25 is
connected or bonded to a conductive base member 21
The conductive base member 21 is made of any of
metal, alloy, carbon dispersed resin, metal powder dis-
persed resin, and the like. The metal may be any of iron,
aluminum, stainless, brass and the like. The brush 25 is
made mainly of a material selected from among those
materials of the material group a), 2 materiat selected
from among those of the groups b)-1 to b)-4, and a
material selected from those materials in the groups c)-1
to ¢)-3.

For the transfer member, it i3 required that its resis-
tance value R measured by the method shown in FIG.
10 satisfies one of the formulae (8), (13) and (17). The
stmctureofthechm'ging member is not limited to those
illustrated in FIGS. 12(a) to 12(d), and the materials of
narenothmﬁedtothosematenals stated refernng to
those figures.

<MATERIAL GROUPS >

a) Carbon black (e.g., furnace black and acetylene
black), metal oxide powder (e.g., ITO powder and




61 to the area. Accordingly, when the electrode area 1/10, 000, the

resi stance values is increased 10,000 tinmes. The straight |line (Fﬁ%f N R —
LAGEVIENT SHEET

5(a), having an inclination of -0.75, shows that the resistanc

inversely proportional to the area. Accordingly, when the el eg-[irode area
is 1/10,000, the resistance values is increased only 1000 times.{ Th@ JAM 1988
characteristic of resistance of the cha&ging nenber with respect{to the

contact area de- Seggs on f he chargi ng nenbers of different sifzes and
mat eri al s. Becaus pawger), metalgalloycpowdes (o:mdiAg powderdi st ance of

the area correspoaadnil povaded)n salt {eqn, qhaterasiy agtmonfumesltst ance of oné
contact area. The ' h ' r i s neasured
by using the el ecﬁ%ﬁ%;m?ggaggg?gm%g"%&?ﬁgw

b)-1 Natural rubber. |

b)-2 Any or blend of the following synthetic rubber:
silicone rubber, fluorine rubber, phlorosilicone rubber,
urethane rubber, acrylic rubber, hydron rubber, butadi-
cnc Tubber, styrene butadiene rubber, nitrile butadiene
r“I,t,m-,_isopx‘cnc rubber, chloropyrene rubbet, isobuty-
fenc-isoprene rubber, ethylene-propylene rubber, chlo-
rosulfonated polyethylene rubber, thiokol, and the like.

b)-3 Elastomeric material containing styrol resin,
vinyl chloride, polyurethane resin, polyethylene, meth-
acryiate resin, and the like.

b)-4 Soft rubber, such as polyurethane foam, polysty-
rene foam, polyethylene foam, efastomeric foam, rubber
foam, and the like.

c)>1 Any, copolymer, or mixture of the following
thermoplastic resin: acrylic resin, such as polyacrylate
and polymethacrylate, styrene resin such as polystyrene
and poly-1-methylstyrene, butyral resin, polyvinyl
chloride, polyvinyl fluoride, polyvinylidene fluoride,
polyester resin, polycarbonate resin, celflulose resin,
polyarylic resin, pélyethyiene resin, nylon resin. :

c)-2 Any, copolymer, or mixture of the following
water-soluble resin: polyvinyl alcohol, polyallyl alco-
hol, polyviny! pyrrolidine, polyvinyl amine, polyacrylic
amine, polyvinyl acrylic acid, polyvinyl methacrytic
acid, polyvinyl sulfuric -acid, poly-lactic acid, casein,
hydroxyl propyl cellulose, starch, gum arabic, poly-
glutamine acid, polyaspartic acid, nylon resin, and the
like.

c)-3 Thermosetting resin, such as epoxy resin, silicone
resin, urethane resin, melamine resin, alkyd resin, poly-
imide resin, polyamide resin, fluoroplastics, or the like.

FIG. 13 schematically shows cross sectional views of
member to be charged according to the present inven-
tion.

A member to be charged 50 shown in FIG. 13(g) has
a three-Jayer structure consisting of a conductive base
member 51, an underlayer 52, and a dielectric layer 53
as a photoreceptor layer. A member to be charged 50
shown in FIG. 13(b) has a two-layer structure in which
a diclectric layer 53 is directly layered on the surface of



pi nhol e. Particularly for measurenent of the chargi ng nenber of. high
resistance, it is difficult to nmeasure the resistance using th ﬂ@g Eﬁﬁ -
of a mnute area. For this reason, the resistance of the area forie 8_ F@HtE
to the pinhole may be predicted in a manner as shown line (A EFIG ;
that the resistance is neasured using the el ectrodes of differgent 2idzeld) 28
straight line is drawn in the logarithgsc graph. Again, it ifs essary
to directly or indirectly exam ine the resistance of the charlgi ng menber
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Rb. ii) Resist ancézj @"CPSFWQEH?QQ)MS‘FB’%ce bet ween
t he conductive base mblmraumemefmmbmaswmhmed. manner t hat

the el ec- trode was 'Dheuslmduam maﬂénmmthgﬁmé%manyeﬁf ber, and
current or voltage qﬁgﬁﬂ'e n the current
or voltage and the reS|s Eﬁ ced/\ﬁm mE;émgy%%an OF gn'aph showed

that the almmnmn. stainless, bras and the Jike.

The underlayer 52 may be a' metal oxide film made of
any of anodized aluminum (AlO3), silicon oxide,
bochmite (AIO(OH)), silicon nitride, silicon carbide,
and the like, or mainly of a material selected from
among those materials of the group a), and a material
selected from among those of the groups c)-1 to c)-3.

The dielectric ]ayer S3isa phot.oreceptor layer con-
taining an organic or inorganic photoconductive mate-
rial or made of a material exhibiting electrical insulation
property, which is selected from those materials of the
groups c)-1 to c}-3. One photoreceptor layer consists of
two layers, a charge generating layer (CGL) and 2
charge transfer layer (CTL). It is of a called function
separation type. Another photoreceptor layer consists
of a single layer in which a charge generating material
(CGM) and a charge transfer material (CTM) are dis-
persed and compatibilized therein. A protecting layer, if
necessary, is layered thereover.

It is evident that the structure of the member to be
charged is not limited to the structures illustrated in
FIG. 13, and the materials constituting the member to
be charged are not limited to those referred 10 above.

. An image forming apparatus incorporating a contact
charging device according to the present invention wil]
- be described.

An image forming apparatus schematically shown in
FIG. 14 uses a charging member as shown in FIG. 11(q)
and a member to be charged as shown in FIG. 13(e). In
this embodiment, the charging member is constructed
so that its resistance R measured by the method shown
in FIG. 10 satisfics any of the formulae (8), (13) and
an.

A member to be charged 58 consists of a2 grounded,
tubular conductive base member §1, an underlayer 52
layered thereon, and a diefectric layer 53 as a photore-
ceptor layer layered on the underiayer 52. In response
to an image formation start signal, the member to be




resi stance val ues of nost chargi ng nenbers depends on the current or

vol t age. FIG 21 shows a graph for explaining the current Vi
i | i REFPERMERT SHkeT |

resi stance of the charging nmenber. The absci ssa represent
when current flows to the charging nenber, while the ordi patfe, common
| ogarithmic values of resistance of the chargi ng menber af tlhat3tJ/Ah 1938
21(a) shows a graph showi ng an exanpl e3where the resistan¢eldepends qn th
current. As shown, .where the current is small, the resistance is

62 charged 50 starts to rotate at a preset speed in the diree

tion of an arrow W under drive of a drive means, not
shown. At this time, 2 roller 12 of a contact charging
device 30 turns following the rotation of the member to
be charged 50. During the rotation of those compo-
nents, a spark takes place in a gap, which is continu-

- ously formed therebetween, thereby charging the sur-
face of the member to be charged 50 to a predetermined
potential (e.g., —600 (V)).

In the contact charging device 30, a power source 60
applies a voltage to the conductive base member 11 of
thechargingmemberm and a pressing means 61
prcsscs the roller 12 against the member to be charged

The voltage applied to conductive base member 11 to
charge the member to be charged 50 to a predetermined
potential may be DC voltage (DC current) or voltage
formed by superposing AC voltage on DC voltage. The
charging polarity is determined in accordance with the
characteristics of the used photoreceptor layer.

Light 31 emitted from a latent image forming means,
not shown, forms a latent image, which corresponds to
an image on an original document, on the member to be
charged 58. Tooer supplied from a developing means 32
is electrically attracted onto the latent image on the
member to be charged 50, so that the latent image is
transformed into a toner image. The toner image on the
member to be charged 50 is transferred onto a trans-
ferred-image recording media 33 moving in the direc-
tion of an arrow by means of a transfer means 34. The
transferred image is fuzed and fixed on the transferred-
image recording media 33 by a fixing means, not shown.
_ Toner left on the member to be charged 50 after the
transfer step is removed by a cleaning means 35, and if
necessary, is exposed to discharping light 36 emitted
from a light source, not shown, for ensuring removal of
residual charge. Afterwards, the member to be charged
58 is charged again to a predetermined potential by the
contact charging device 30 in preparation for the sabse-
quent electrophotogmphm process.

The latent image forming means may be constructed
by a known means, such as a laser optical system, LED
and LCS.

The developing means 32 may be any of a two-com-
ponent magnetic brush developing means, a one-com-




e.of the

| arge and vice versa. Accordingly, in neasuring the resist
chargi ng nenber, the current density in the contact area
chargi ng nmenber and the el ectrode when those cone in cont ct M'fh

ot her nmust be substantially equal to the current density dengffd &ld&g
when the breakdown voltage is applied to the internediateil ]
21(b) shows a graph showi ng an exanpl e3ahere the resistan¢e ‘does-hot

depend on the current. Sonme types of chargi ng nmenbers haye not the
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current depen- dejoment fmﬁ@ﬂ:ﬁclﬁ'ﬁ!‘»ﬁtﬁ%p]ﬁ ﬂéﬁh@,gil)bnet&smv mesber

exhi bit constant s. The current

val ue may be pro urin ance of those types
of char g?/ng ﬁen’g lj&’é ﬁg"F&E 8‘1 t ggoﬁl re5| st anceygf
the charging ment® rd% nﬂmm@&ﬁg tﬁ’lﬁl@ﬂﬂ&l . A charging
nmenber is brought mSMtaachIyﬁsmrtrhﬂn aid styrede asfryhcsmid, area
correspondi ng to tihewhicthoforing material is dispersed. If necessary,
surface active agent (dispersion agent), charge control
agent, offset resistance agent, filler, fluidity improving
tis extcmally or internally added to the bonding

Sesin containing colormg agent dispersed therein. The
surface active agent is metal soap, polyethylene glycol,
or the like. The charge control agent is electron accept-
gble organic complex, chlorinated polyester, ni-

trobumic acid, quaternary ammonium salt, pyridinium
salt or the like. The offset resistance agent is, for exam-
ple, polypropylene. The fillet is, for example, talc. The
fluidity improving agent is SiO3, TiO3, or the like. The
toner is uniformly mixed and dispersed within the de-
veloping unit, and charged to a predetermined poten-
tial. Within the developing unit, it may be mixed with
carriers. In the reversal development, the charge polar-
ity of toner is negative in a state that the charge polarity
of the member to be charged 50 is negative.

The transfer means 34 may be means for electrostati-
cally transferring the toner image, such as a2 corona
charging means or a contact transfer device. The clean-
ing means 35 may be a biade cleaning means or a fur
brush cleaning means. Ao LED lamp may be used for
the discharging light 36. The discharging light 36 is not
esseatial to the image formation.

In this way, an image is formed on the transferred-
image recording media 33.

The resistance value R of the charging member used
in this embodiment, which is measured by the method
of FIG. 10, satisfies the formula (8), (13) or (17). There-
fore, the image formed is free from the black stripes and
deterioration of the charging member. High quality
lmages can be reliably produced

An image forming apparatus incorporating 2 contact
transfer device according to the present invention will
be described.

An image forming apparatus schemnatically shown in
FIG. 1S uses a transfer member as shown in FIG. 12(a)
and 2 member to be charged as shown in FIG. 13(2). In




B,

A load per unit area for the contact is substantially equal—te—that when
the charging nenber is brought into contact with the phot orRERMACENE

for charging the latter. The current density in the conta¢t

t he chargi ng nenber and the el ecrode when those cone in cgpn agl‘;} \é\qﬂég@gch

other is substantially equal to the current density pi when!t
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voltage is applied to the internedi até&2l ayer. The resistance i s—eal
cul ated using the voltage and current applied to the charging nenber. Qur
study teaches that t tisis ehitwodiinentcthetcalisfee maiBesis difthrited 8005 MM t G~

[err]] mm the mnutmwmgwifghﬁ 78 Hown mol err]
P bl 611
53,

mifert] (correspondpng iy datisfikd ally
1 mm. The int
E)reg];]ni c or i norgalnincer I l?egr %iﬁé cﬁﬂﬁgﬁiﬁﬁc&’% A

oxi de, anor- phous lay

like. The organi c naceptorlayerylayered onothedthdatigyér 52. In response

: to an image formation start signal, the member to be

charged 50 starts to rotate at 2 preset speed in the direc-

tion of an arrow W under drive of a drive means, not

shown. The surface of the member to be charged 50 is

dntg?dtoapredetcmﬁnedpotentialbymeansofa

charging means 37. Light 31 emitted from a latent

\ge forming means, not shown, forms a latent image,

which corresponds to an image on an original docu-

‘ment, on the member to be charged 50. Toner supplied

from a developing means 32 develops the latent image

on the member to be charged 50 into a toner image. The

toner image on the member to be charged SO is trans-

onto a transferred-image recording media 33

8 m the direction of an arrow by means of a

Contact transfer device 40. The transferred image is

. foazed and fixed on the transferred-image recording
| mth?clz;; ﬁxzng m;_euns, not shown.

; Ct transfer device 40, a voltage opposite
i;u!:l:my to the charge polarity of the toner, is applied
21 A Power source 62 to the conductive base member
layer %mms means 63 presses a conductive elastic-

- n:m t;:; member to be charged 50. The
transfe . ; N

t0 be Ost;fcs with the rotation of the

Toner left on the member to be charged 50 after the

- transfer step is removed by a cleaning means 35, anq if

necessary, is exposed to discharging light 36 emitted

from a light source, not shown, for ensuring a remova]
of residual charge. Afterwards, the member to be
charged 50 is charged again to a predetermined poten-
tial by the charging means 37 in preparation for the
subsequent clectrophotographic process.

The charging means may be a corona charging means
or a contact charging device.

During a period of time till the toner image on the
member to be charged 50 reaches a transfer position, the
transfer member may be cleaned by changing the power

di t
T e of
[ g rany of
anodi zed al uni num (AN EﬁP?_ ::d%mﬂ\ : @)Wlﬂéﬂﬂ?ﬁliﬁs sijl i con
gcnepm ettoicslayer 5305 £ photoes- an

t he



al cohol , polyvinyl nethyl ether, polyvinyl butyral, ethyl cellul ose,
et hyl ene acryl acid copolyner, gelatine, nmaleic acid copolyner,

pol yur et hane resin, epoxy resin, alkyd resin, polyester resin,
resin, phenol resin, and the like. A resistance control agen, ﬁ% CEMENT sHegT

necessary, is dispersed or conpatibilized into the above resin| The

63 resistance control agent nmay be ang3of the follow ng mat¢rilaRs3 JAN 1998
al um num copper, nickel, S|Iver i ron oxide, t|n oxi, de, ant{mpny_oxi de,

i ndi um oxi de, zi §BUESE R anpthen by, m " a switeks matshown. Iuf i um car bonatre;
cal - this case, the polarity of the cleanmgvoltagessthe same

as the charge polarity of the toner.

Thke transfer member 20 may be forcibly rotated by
means of a gear mechanism, not the rotation of the
member to be charged 50.

In this way, an image is formed on the transferred-
image recording media 33.

The resistance value R of the transfer member used in
this embodiment, which is measured by the method of
FIG. 10, satisfies the formula (8), (13) or (17). Thegs-
fore, the image formed is free from the black stripes and
deterioration of the transfer member. High quality im-
ages can be reliably produced.

Specific examples of the present invention will be
described in detail.

EXAMPLE 1

A charging member of a contact charging device was
members A to G of 22.5 (cm) in effective length, which
are listed below. The member to be chargeds were each
a tubular member to be charged of 3 (cmd) consisting of
a tubular conductive base member of alummum, an
anodized-aluminum undeslayer of 8 (um) thick, and a
dielectric layer as a photoreceptor layer of 20 (um)
thick of the function separation/negative cherging type.

A) Member A ‘

The member A is a roller with a conductive elastic
layer of an urethane foam with carbon black internafly
added thereto. The roller is specified by volume resis-
tivity of 107 (Qcm), Asker C hardness of 30 (7), cell
diameter of 200 (pzm), and thickness of 5 (mm).

B) Member B ‘

ThememberBtsarollm'mthaoondudwedasuc
layer of an open-cell type urethane foam with carbon
black internally added thereto. The roller is specified by
volume resistivity of 108(Qcm), Asker C hardness of 26
(’),oeﬂdlametcroflﬁ(mn)bythcbubblc;mnt
method, and thickness of 5 (mm).

C) Member C

The member C is a roller with a conductive elastic
layer of an urethane rubber with perchlorate internally
added thereto. The roller is specified by volume resis-
tivity of 9 % 106 (Qcm), Asker C hardness of 60 (*), and
thickness of 5 (mm).



ci um car bonate, copper iodide, carbon black, conduc- tive copolyner and the
i ke. W found that the resistance of the internediate |ayer al so depends
on the current (or voltage). Accordingly, the resistance of the

intermedi ate |ayer is set at the resistance thereof when it i
vol tage applied thereto. As already described, the resistance
termedi ate layer is substantially inverdely proportional to the[ele

ar ea. As seen fromthe foregoing description, the resistanc gnq_aﬁambg
t he inequality, D)yigfr{ l§ust be the resistance (denoted fas[ Rbb) "of The
interme- diate IayggIl n sistance (denoted as Raa) of the chargtmg—- {
menber in a suppos ' A S 8 EQ with aceprduttivg elasticpi nhol e, :

respectivel y. Aﬂvctcﬂfngl silicon efoam dwitho cartsin thlakk datertially t he
intermediate | ayeadded thereto (volume resistivity: 105 (Qcm)). A nylon
heat shrinkage tube with perchlorate internally added
thereto (volume resistivity: 5X 10%(Q2cm) and thickness:
30 (um)) is fit to the roller with the conductive elastic
layer layered thereon (Asker C hardaess of 60 (%), and
thickness of 5 (mm).

E) Member E

The member E is a roller with a conductive elastic
layer of a silicon foam with carbon black added thereto
(volume resistivity: 105 {{lcm)). A nylon heat shrinkage

- tube with carbon black internally added thereto (vol-
ume resistivity: 5X 1010 ({icm)) is fit to the roller with
the conductive elastic layer layered thercon (Asker C
hardness of 60 (*), and thickness of § (mm).

F) Member F. :

The member F is a deck brush using regenerated
cellulosic fibers with carbon black internalfly added
thereto (600 (D)/100 (F), 100000 (F/inch?), volume
resistivity: 108 (Qcm), brush length: 5 (mm), and brush
width: 8 (mm)).

G) Member G

The member G is a polyethylene film (volume resis-
tivity: 109 (hcm) and thickness: 40 (um)), folded i two
(as shown in FIG. 1%1(%)) and backed with an aluminum
layer, which contains carbon black internally added
thereto.

To measure the volume resistivity, an object to be
measured was cut out into a block or sheet as a test
piece, and was measured by a high resistivity measuring
meter (for example, HIRESTA IP (manufactured by
Mitsubishi Yuka Co., Ltd.) in a state that 100 V is ap-
plied to the test piece for one minute. The measurement
waswriedoutinthe.NN.environmcnt(ZO('C.)andSO
(%RH)). Otherwise noticed, the subsequent measure-
ments will be carried out in the NN environment.

Defects were intentiosally formed in members to be
charged. Each of the defect marred members to be
charged and each of the members A to G were set to the
image forming apparatus shown in FIG. 14. Actnally,
images were formed and states of images were in-
spected. Every time the member was replaced with -
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speci fic enbodi mrent of the present invention.
as a nenber to be charged, an internediate |ayer 152 is forng
conductive support menber 151, and a photoreceptor |ayer 153
organi c or inorganic photosensitive nad®2rial,
The phot oreceptor nenber 150 is charged by a charging

_¢he teéilibédtd be Rhafged wasTeplaseddwith shown in FIG

| ayer.

such as a charging r
the charg
correspondlng to i mag

| aser device or an LE@e’in
el ectrostatic i mage 1BSRacE
unit 172 covers ton@hatga'les&ﬁ

11. Then,

FIG 22 is a sectional view schematically show ng an Rmag@cg‘ '
apparatus incorporating a contact charg- ing device accordiin MENT §HEET j

g
In a photorecertc er 150
dfo ngn?
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is formed on the |ntermedi ate

1n

Qﬁﬂ oreceptor nenber iS exposed to Iight

defects, can ke 58"

el ectrostatic i mage mevedbaforemsedal@pmglthsmmmd,the size of the

defect to be formed in the member to be charged was
set to 0.3 (mmd¢) (area was set at 7 X 10—4 (cm?)) as the
critical size by thevxsualmSpectxon. Two types of de-
fects were formed: one is a called pinhole (defect of the

type passing through the underlayer as well as the pho-

' toreceptorlaycr)andtheothensadefectofﬂlctype

destroying only the photareceptor layer, not reaching
the underlayer).

Before an experiment is conducted, each charging
member was set to the image forming apparatus shown
in FIG. 14. Voltage Va and current I, necessary for
charging a member to be charged to —600 (V), were
measured. The peripheral speed of the member to be
charged was 3 (cm/sec). The results of the measure-
ment were Va= —1.16 (kV) and I=—6 (uA).

The resistance R of the member was measured by the
resistance measuring method shown in FIG. 10. The
current fed was —6 (uA), and the metal electrode X110
was 2 tubular electrode of 3 (cm¢) in diameter and
rotated at the peripheral speed of 3 (cm/sec). For the
members A to E, the load of 1 (kg) was applied to the
member to press it against the metal electrode 110. For
the members F and G, 2 space of 3 (mm) was kept be-
tween the conductive base member and the metal elec-
trode. The results are shown in Table 1.

Va=—1.16 (kV) and the restricted current value of

- the power source was —20 (zA). The experiment re-

sults are also shown in Table 1.

171

Tg tlonﬁ@# g@?#ﬂﬁe{%ﬁw&f such as a

devel opi ng

t he

TABLE I
Member R (D) Defect Piahole
A 2X 10%  Black stripe Black stripe
B 3X 107 Black stripe Black stripo
C X 10  Black dot Black dot
D 2 X 107  Biack dot Black dot
E 1 X107  Black stripe Black strips
F 6 X 1086  Black dot Black do¢
G 6 X 105  Black dot Black dot




64 174, such as a transfer roller, transfers a toner inmage p a
printing paper 175. The transferred toner inmage is then fused MLACE@ENP@HEET
the printing paper 175 by heat and pressure, not shown. In thys s

desired image is printed on the printing paper 175. The resjul g
re-studying the condition not no break down the internediate |l 2 ( éfwt!ﬁg&
underl ayer) will be desribed in detail 36

phot orecept or nmenber was used for the menber to

As seen from Table 1, states (black stripes or black
dots) of images formed by using the photoreceptor
layers marred by defects and pinholes have no connec-
tion with the resistance values R of the members. In the
case of the images containing only black dots, it can be
considered that 2 measure has been taken to solve the
pinhole problerms.

From this, it is seen that the conventional measure of
increasing the resistance of the member or the volume
resistivity of the member, and the measure of construct-
ing the member in the multilayered structure fail to
solve the pinhole problems.

To confirm the effects of the invention, the following
memxremenlswereconducted.Atestpmewascon—
structed in which only an underlayer of an anodized~
alominum layer of § (um) thick was formed on a tubular
conductive base member of aluminum. A breakdown
voltage Vt of the underlayer and a resistance value Rp
of the underlayer were measured. An area S of an elec-
trode brought into contact with the surface of the un-
derlayer was 6.57 {cm?) (corresponding to the nip width
3 (mm)). The measarement results were: Vt (breakdown
voltage})=—300 V and Rp (resistance)=2X 106 (Q).
Accordingly, i=—300/(2X 105)
=—150X10—6= —~150 (nA).

The area dependency of resistance of the underlayer
was measured. The electrode area was set in four levels:
675 (cm?), 1 (cm?), 0.5 (cm?), and 0.1 (cm?). The current
density was
{—300/(2x 109}/6.75=—222%x 10—6—22.2
{pA/cm?). Measured values, as shown in FIG. 3, were
plotied on a graph of which the abscissa represents a
logarithmic value of the area and the ordinate, a loga-
rithmic value of resistance. Connection of the measured
values formed 2 straight line inclined at —1. Therefore
a=1.

Then, a pinhole of 0.3 (mm¢) was formed in a mem-
ber to be charged. A tolerable current value within
which no farther enlargement of the pinhole or no far-
ther deterioration of the member Progresses, was mea-
sured.




be charged. The photoreceptor nenber was structured such that an anodi zed
al um num |l ayer as an internedi- ate |ayer was forned on a conducttve

support nenber mad

t hereon. The sane photoreceptor nenbers were used in experinemnt [comdrt+ors

1to 10 in EXAM PLE 13. To set up the breakdown Vol tage of the a?og-g'k%eqhg
al um num | ayer, the al um num support nm®ber was earthed, and of tage of™
the sane polarity as the charge voltage was applied to the sufface ofthe

anod- ized al um nu

whi ch the under | aygagdsSof the inli6le

e of alum num and a photoreceptor |ayer wa

m The eurfent wasegradually intreastdowhile observi
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e within

“ofpeatiee. Ehé tarfemasdovwn volTage

ought into

&adth
of the anodized al WH(;E!:E Qﬁ‘ﬂ{ < Bl
contact with the agodi . 5 ayé&&vgr ) eitr and the | oad
per unit area was Pwde Q‘r#glp ??E%:Bg@ﬁiiaéﬂ iio e urede br eakdown
. < 7B ,

vol tage of the ano

z%_’ ol?]
apembesused was A4y

nt GBTcur- rent was

approxi mat el y - 100resjteray fod fordid minutesy Alstarpsultl ne enlargamuenteni ty pi in
the contact area téofdropinkiclé and no deterioration of the member were

observed till the current is increased up to —3 (RA).
Accordingly, k=31 3(uA).

Since the breakdown voltage Vt of the underlayer is
—300 (V), | Vt|=}Va|. To take a measure for the pin-
hole problem, cither of the formula (8) or (17) must be
satisfied. To take a measure to prevent the underiayer
from being broken down, the current flowing into the
atea s (cm?) of the underlayer is
| —22.2X7X10—4| =| —0.02 (pA)| <| —3 (uA)|. This

current cannot cnlarge the defect of the photoreceptor

Y.
mfrhe area dependency | —£ and the current depen-
dency v of the resistance of the members A to G were
measured.

In measuring the area dependency of the member
resistance, the electrode area was set in four levels: 6.75
(cm?), 1 (cm2), 0.5 (cm?), and 0.1 (cm?2). The current
density was set in two levels: {—300/(2633
109}/6.715=—222x10-6 [—222 (pA/cm?)] and
{-3X10—-6/7X10—9H=—4.3%10-3 [—4.3
(mA/cm?)]. For the respective current densities, mea-
sured values were plotted on a graph of which the ab-
scissa represents a logarithmic value of the area and the
ordinate represents a logarithmic value of resistance, as
shown in FIG. 3. An inclination of a straight line
formed by connecting the measured values, and hence 8
were obtained.

In measuring the curreat dependency of the member
resistance, the electrode area was set at 6.75 (cm?), and
the current density was set in four levels: —0.1 (1A),
—1 (pA), —6 (pA), and —100 (uA). The measured
values were plotted on a graph of which the abscissa

. represents a logarithmic value of the current and the

ordinate represents a logarithmic value of resistance, as
shown iz FIG. 5. An inclination of a straight lige
formed by connecting the measured values, and then ¥
were obtained.



the el ectrode was 0.16 ([err]A mierr]). The neasurenents
30 tines. [(average val ue)+(3Xstand- ard deviation)] of thejr
Rb, of the anodized al um num | ayer was 4.3X 10[err] ([err]),
the area of the electrode, the resistance o#the anodi zed al
was neasured. The result was that the resis- tance of the
al um num l'ayer was inversely proportiom to the area. The fesistance Rbb
of the anodized alun1nun1layer was 4.3X 10[err] ([err]) where—the—pinhol e

area |ts 0.061 (m*r{err] gfqget,ﬂfg,gg(g murﬁ)ﬂt - j
ensi I was set a ue Tr
char gi %gpmenber 10 i % g&éﬁé@ﬁ@%ﬁ %f |l er used

was constructed such
values ofthose members are also shown in Table 2.
TABLE 2

<
Current Current
Member RQ) density 1 density 2 Y

A 2 X 108 0.65 0.63 0.55
B 3% 107 0.78 0.74 0.66
C 5 x 106 096 0.96 o
D 2x 107 1.00 1.00 024
E 1x 107 0.20 e.77 070
F 6 X 106 0.90 0.90 042
G 6 X 168 095 0.95 020

Check was made as to whether the formula (8) or (17)
is satisfied or not, using the values shown in Table 2,
Va=—1160 (V), S/5=9600, i/1=25, k/I=05, a=1,
Vt=—300 (V), and Rp=2Xx 108 ().

The results of the check are shown in Table 3.

TABLE 3
Formula (8) Fornula (17)
Right - Right
Member Log(R)  Satisfied side Safisfied side
A 63 x 89 x 8.0
B 75 x 86 x 79
C 67 x 7.0 o 49
D 73 ° 7.1 ° 5.5
E 70 x 8.6 x 30 -
F 63 x 7.8 o 6.6
G 6.3 X 7.3 e 5.6

In Table 3, the resistance values R are expressed in
terms of logarithmic values. In the columns of the for-
mulae (8) and (17), O indicates that the formula is satis-
fied, and x indicates that the formula is not satisfied.
Calculation values of right sides of the formula are also
shown.

‘When comparing Tables-1 and 3, it is seen that in the
case of the members in which the defects thereof does
not grow into pinhom and the image noise caused by
the defects remains black dots, cither of the formulae (8)
and (17) is satisfied.



65 conductive elastic-layer 12, made of solid, conductive pol yurethane,

was | ayered on the conductive base mem ber 11. The neasur

nt. . \nas

conducted in the follow ing manner. The el ectrode was bro qmpmugmmprgmr §

with the surface of the roller. The area S of the elec- tr

rnnn f 1n

contact with the roller surface was 6.15 (mmferr]), and th
area was 1.63 (g/cnferr]) (gross |o0ad:394000 (g)). The curr¢nt

approxi- mately -100 ([err]A). The current density pi in thetecontact—area

3%y

thereof with the el EﬁchcmLOUi&niérﬁbéisACmﬂ),eRiﬂd (.Wﬂhﬁ awas equal to

Itgsfarm'(la'ﬂet Pgsf);?%ct&g%%‘se' er r] ;ﬁg ar}gjn
t he el ectrode [
resi stance of the IRASCEWRES 9W9¢séllyl % §nﬁ ansfersedr

FIG 20(b)). fmage rccordmg medium of A4 size. It was confirmed
that no images having black stripes were observed.

EXAMPLE 2

The members to be charged used were each a tubular
charged member of 3 (cmdé) consisting of a tubular
conductive base member of aluminum, an underiayer of
10 (jum) thick and made of medium resistance nylon,

> and 2 dielectric layer as a photoreceptor layer of 20
(pm) thick of the function separation/negative charging
type.

‘As in EXAMPLE 1, defects each of 0.3 (mm¢) were
intentionally formed in members to be charged. Each of
the defect marred the member to be charged and each
of the members A to G were set to the image forming
apparatus shown in FIG. 14. Actually, images were
formed and states of images were inspected. Every time
the member was replaced with another, the member to
be charged was replaced with a new one.

Before an experiment is conducted, each charging
member was set 1o the image forming apparatus shown
in FIG. 14. Voltage Va and current I, necessary for
charging a member to be charged to —600 (V), were
measured. The peripheral speed of the charged member
was 3 (cm/sec). The results of the measurement were
Va=—1.16 (kV) and 1=—6 (zA).

In the experiment, Va=—1.16 (kV) and the re-
stricted current value of the power source was —20
(aA). The experiment results are also shown in Table 4.

A test piece was constructed in which only an under-
layer of a medium resistance nylon layer of 10 (um)
thick was formed on a tubular conductive base member
of aluminum. A breakdown voltage Vt of the under-
layer and a resistance value Rp of the uuderlayer were
measured. An area S of an electrode brought imto
contact with the surface of the underlayer was 6.57
(cm?) (corresponding to the nip width 3 (mm)). The
measurcment resulis were: Vt=-—1000 V and
Rp=1x107 «o.
i=—1000/(1 X 107)=—100X 10—6= — 100 (pLA).

ng the area of
at the
ea ((A) in




The resistance Raa was 1.7 X 10[err] ([err]) where the pin- hole area is
0.061 (nmmferr]) (corresponding to 028 (mjerr])). The current dﬁgﬁ m —
was set at the sane val ue as above (0.16 ([err]Amierr])). Te NToSHEET
rollers were prepared for EXAMPLE 13, and used for the experi t
conditions 1 to 10 in the exanple, one for one. The resistanc Mgﬂ
the rol- lers are stepw se increased a$® he col um nenber in-jc ses.
These resistance values are shown in Table 13. This table tabplates the
experi ment condi ti ons The area0deperdétioh ¢ fedisentbd bf the anderday Jn a )
corr eﬁpon_d- i ng Wﬁn%meaﬁimt The §éé&&eWW§e9ﬁ:fcﬂﬁ¢1&a§{ t lhedvol tage
or chargin e sur 0 ? i al depends
on the rgsi gt ance ofdﬁlgc@hh%!rggﬁgbﬁe%%; éﬁ%ﬁyfﬁ%‘&\%ﬁ%é to char ge t he
surface of the phot & 8teptor ng r 1o9BYV) were set as W& in Table
14.  The results of -aAO&} rx”i@ Ef'ﬁﬂéﬁe—tlﬁsxcm'e =n=d48r ought into
contact with the in ne) Messpredwaltes, as shown in FIG. 3, were
plotted on a graph of which the abscissa represents a
logarithmic value of the area and the ordinate, a loga-
rithmic value of resistance. Connection of the measured
values formed a straight line inclined at —0.95. There-
fore, a=0.95.
Then, a pinhole of 0.3 (mm¢) was formed in a mem-
ber to be charged. A tolerable current value within
which no further enlargement of the pinhole or no fur-
ther deterioration of the member progresses, was mea-
sured.
The current was gradually increased while observing
states of the pinhole and the member. The current at
which the pinhole starts to grow or the current at which
the deterioration of the member starts was measured.
The member used was the member A. A constant cur-
.rent was fed for 30 minutes. As a result, no enlargement
of the pinhole and no deterioration of the member were
observed till the current is increased up to —0.5 (gA).
Accordingly, k= —0.5 (iA).
Since the breakdown voltage Vt of the underlayer is
—1000 (V), |Vt|=|Va|. TO take 2 measure for the -
pinhole problem, either of the formula (8) or (17) must
be satisfied. To take a measure to prevent the under-
layer from being broken down, the current aliowed to
flow into the area s (cm?) of the underlayer is
| —148XTX10—4| =] =001 (uA)|<|—0.5 (uA)].
-This current value cannot enlarge the defect of the
photoreceptor layer.
The arca dependency of the members A to G depends
little on the current density, as seen from Table 2. Ac-
cordingly, the current density 1 in Tabie 2 was used for
the area dependency. _
Check was made as to whether the formula (3) or (17)
is satisfied or not, using the valucs 8 and ¥ skowa in
Table 2, Va=-1160 (V), S/s=9600, /1=16.7,
k/1=0.083, a=0.95, Vt=—1000 (V), and Rp=1x107
).



out interlaying the photoreceptor |ayer therebetween,
FIG 18(b) is a cross sectional view showi ng a schene of an

wi |

be d

escri bed.

perinment for

checking as to whether or not the internmediate |ayer is brokgnR

application of the voltage. A stuff tube 155 is constructed s
anodi zed alum num | ayer as the internediate [ayer 152 is | ay¢

conductive support nenber 151. The con%lruc-
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tion thereof is the same as that of the photoreceptor

2% IAK %ﬂ

The results of the check are shown in Table 4.

TABLE 4
~ ___Formuls () Formaula (17)
Log Right Right

Mecmber Image (R) Satisfied side  Saisfied side
A BS 83 X 8.2 X 83
B BS 7.5 x 78 x 3.3
C BD 67 ° 63 e 55
D BD 73 ° 64 a 60
E BS 10 x 7.8 X 81
F BS 6.8 x 7.0 3 6.9
G BD 63 o 6.5 ° 6.1

In Table 4, in the “image” column, BS and BD indi-
_cate a black stripe and a black dot, respectively. The
- resistance values R are expressed in terms of logarith-
mic values. In the columns of the Formulae (3) and (17),
(O indicates that the formula is satisfied, and x indicates
that the formula is not satisfied. Calculation values of
right sides of the formulae are also shown.

As seen from Table 4, in the case of the members in
which the image noise formed by the member remains
black dots, either of the formulac (8) and (17) is satis-
fied. When comparing Tables 3 and 4, it is seen that
when the member to be charged is changed to another,
the image noise (black stripe and black dot) is changed
tuzeznoﬂxcrtypeoﬁmagenoiseiftheemmnberis

In another test, the members C, D, and G, and a
member to be charged not seffering the defects were set
to the image forming apparatus shown in FIG. 14, and
images were formed on 10,000 sheets of transferred-
_ image recording medium of A4 size. Any image baving

the black stripe could not be observed.

EXAMPLE 3

_ The members C, D; F, and G, which succeed in deal-
ing with the pinhole problems in EXAMPLE 1, were
used for the charging members. The same member to be
' charged as that used in EXAMPLE 1 was used. Check
was made as to whether or not the apparatus using those
members are capable of dealing with the pinhole prob-
lems. Measurement for the check were carried out in
environments different from those in EXAMPLE I; LL
environment (10 (*C.) and 15 (%RH)) and HH caviron-
ment (35 (°C.) and 65 (%RH)).




menber 150 except that the photoreceptor layer is not used. A voltage was
applied to the roller being pressed against the stuff tube fpL_ane mpute

under the condition of the conbinations of the roller resist rngpmgﬁw%@pﬁﬁgg

appl i ed voltage shown in Table 13. Vcc represents a voltag )
I nternmedi ate | ayer where the contact area between the charging gbqr ag@
the internmediate layer is very snall. A2 seen fromthe conpali ot AP &8
| A—EXAMRLE 13 |
@e conditions 1
HHr—Fad-e—13;

vol tages Vb and Vcc shown in Table 13, the conditions 1 to
\II

do not satisfy the iBefgrel ihYexpi®iment i$ ROndachid)aéd M Thaf
to 4in this examiemberowad'set 16 Wé iake {Brmiiie aBb iR
this state is i ndlfnn?ttﬁdPva‘g é#:‘} € Uiy num | ayer
br eakdown"). The cgnbi Bat T ons P_ e FRHTAE 5L (ECEssary MPLE 13
satisfied the i neq@é‘ﬁgﬂ’}g(‘fzﬂz;“ e 19 heochatges: 0 =600 (Vs Wrre br oken down
(this state is i ndReasu@doip thy different environments,clhe peripheralnum | ayer
br eakdown") . A repeedrafithet memberitotbd ¢leargedtwae3 éadsed)eTTimer

resuits of the measurement were Va= —1.16 (kV) and

I=—6 (nA) even in the different environments.

As in EXAMPLE 1, defects each of 0.3 (mmd) were

intentionally formed in members to be charged. Under

the condition that Va= —1.16 (kV) and the restricted

curreat of the power source was —20 (gA), imapes

were actually formed and states of images were in-

spected. Every time the member was replaced with

another, the member to be charged was replaced with a

new ope. The results of the inspection are shown in

Table 7. -

Then, the breakdown voltage Vit of the underlayery

the resistance Rp of the anderlayer, and the area depen-

dgncy 1—a of resistance were measured Further, a

pmbole of 0.3 (mmd¢) was intentionally formed in a

member to be charged. A tolerable current value k

within which no further enlargement of the pinhole or

no further deterioration of the member progresses, was

measured. The results of the measurements in the envi-

ronments LL and HH, and additionally in the environ-

-}

o

ment NN are shown in Table 5.
TABLE 5
LL NN HH
Ve (V) —400 —300 =250
Rp (Q) 6 x 106 2 x 106 9 x 10°
Vi/Rp (2A) ~67 —150 —I78
. a 1§ 1 1
k (A) -3 -3 -3

The resnits of Table 5 show that the breakdown volt-
age V1t of the underlayer, and the resistance Rp of the
underlayer vary depending on the environments.

Since [Vt]| =|Va|, to take a measure for the pinhole
ﬁl@m, cither of the formula (8) or (17) must be satis-

The results of measuring the resistance values R, the
area dependency 1 - 8 of the resistance, and the current -
dependency v of the resistance of the members C, D, F

~and G are shown in Table 6. In this table, the 8 values



150 with a photoreceptor layer as in an actual case is used, the charging
menber 10 is pressed agai nst the photoreceptor nenber 150, 3 ng_ rEbCL

voltage is ap- plied fromthe power source 60, will be descrHi
peri pheral speed of the roller was equal to that of the photorleceptor
menber . The conditions 1 to 3 in EXAMPLE 13 do not sati sf) L{

(20). Each of the rollers was pressed &gai nst a photorecept

whi ch a defect of 028 (mjerr]) was forned in the photoreceptor |ayer at

CEMENT SHEET

n@ 3 nemadggt y

menber | n

the | oad of 1000 weye (dﬁtaniahdtnhe uﬁﬁemrmsiﬁ@equajs ta. in the

resi stance neasurenﬁmz ng Poor charge
occurs over the e?ﬁ%gﬁ 3? nd t he photo-
receptor | ayer. e at t he

rotation perlods

'ﬂéB I|ty was renarkably deterlorated.

Accordingly, the columm "Bl ack stripe" in Table 13 was marked wth "x".
Before print, the parts of the anodi zed al um num | ayer right under the
pi nhol es were not broken down. Afterl.

Mem LL NN HH

ber R . B8 Y R 8 v R 8 ) 4
C 2x107 098 002 sx10°4 09 002 IX105 09 0.02
D 6x107 10 @24 2%x107 10 02¢ 2XI0° 10 a4
R IX10? 095 042 6%10° 09 042 3I X105 085 042
G 8x1080 10 062 6x10 095 02 3IxW o092 a2

Table 6 shows that the resistance R of the member,
fike the resistance Rp of the underiayer, depeuds on the
environments, but the area depeadency 1—28 of the
resistance and the current dependency y of the member
resistance depends little on the environments.

Check was made as to whether the formula (8) or (17)
is satisfied or not, using the ‘values shown in Tables 5
and 6, Va=—1160 (V) and S/5=9600. Table 7 also

shows the results of this check.
TABLE 7
Mem- LL NN HH

ber Image (8) (17) Image (8) (17) Image (8) (17)
BD ¢ o BD x o BD x o

C
72 4.8 70 49 70 Ssi1
D BD 0 ° BD o o BD ° o
73 55 7.1 55 69 35
F BD x o BD =x o BS x X
7.7 64 7.8 &6 78 68
G BD x = BD =x o BD x o
. 13 S4 73 56 72 57

In Table 7, in'the “image™ column, BS and BD indi-
cateablackstnpeandablackdot, respectively. In the
columns of the formnlae (8) and (17), ) indicates that
the formula is satisfied, and x indicates that the formula
is not satisfied. Calculation values of right sides of the
formulae are also showr _

As scen from Table 7, when the measuring environ-
ment is changed to another environment, one of the
members forms a black stripe by the pinhole in the
image. It is also seen that also in this case, the black dot

.is not changed to the black stripe if either of the formu-




these parts were broken down and the resistance therein being eﬁERHAEEMENT SHEfr‘{
r educed. The condition 4 in EXAMPLE 13 does not satisfy the ifneetatty
(20). As in the case of the conditions | to 3 in At 1398
67 the EXAMPLE 13, the photoreceptor |ayers having pinholes ri GSged“! e
currents | eaked at the pinholes, Wien printed, the printed i mges—sufferet
fromblack dots in the initial stage, 44t the inmage quality was satis-
factory. Continuing the printing, the black dots grew After 200" sheets of ~

prints, black stripeslgngpant (17) Batisfied. As a consequence, the fact
that the present invention is valid irrespective of the
environments was confirmed.

In another test, the members C, D, and G, and a
member to be charged not suffering the defects were set
to the image forming apparatus shown in FIG. 14, and
images were formed on 10,000 sheets of transferred-
. image recording of A4 size in 2 room where tempera
ture and humidity were not adjusted. It!socnﬁrmed
that any of the images had no black stripe. :

EXAMPLE 4

The restricted current value of the power source for
applying a voltage to the member is the sum of the
_current I (uA) necessary for charging the member to be
- charged to a predetermined potential and the current k
(nA) allowed to flow into the pinhole. As in EXAM-
PLE 1, defects each of 0.3 (;um¢) were intentionally
formed in members to be charged. Actually, images
were formed and states of images were inspected. The
members C, D, and G were used for the charging mem-
bers. The same member to be charged as that used in
EXAMPLE 1 was used. '

Tmages were formed on 1,000 sheets of transferred-
image recording medium of A4 size in the environments
1L to HH. The images formed were excellent in qual-
ity, not suffering from the black stripes caused by the
pinholes.

When synthesizing the above resuits and the results
of EXAMPLE 3, it was seen that if 2 power source
capacity P satisfies the following condition

PZ Vex (I+&)x 10—4m),

quality images can be formed.

In another test, the members C, D, and G, and a
member to be charged not suffering the defects were set
to the image forming apparatus shown in FIG. i4, and
images were formed on 10,000 sheets of transferred-
image recording of A4 size in a room where tempera-
ture and humidity were not adjusted. No black stripes
were observed in the images.



| mages at the rotation periods. Deterioration of the imge quality was

remar kabl e. Accordingly, the col- um "Black stripe" in Table 13 was narked
with "x". Before print, the parts of the anodi zed al um numlﬁ qrE rt
under the pinholes were not broken down. After 200 sheets o_@r’\ b’&NTtﬁéEET

pi nhol e of the photoreceptor |ayer was enlarged to have th | anet er—of
[err]1 mm and the anodi zed al um num | &fr was broken down Ih; Jﬁﬁ $§3
conditions 5 to 10-in EXAMPLE 13 satlsfy the inequality (2p)

ceptor a

case of the condltlonslto4| EXAMPYXAEFALE 13, the phot of e

havi ng pi nhol es us rrents | eaked | nholes, Wen

printed, the pri n ﬁﬂg’é h@uﬁéﬁ“@ﬂ&?"&ﬁ?ﬂ?%&“a‘&’ﬁ§ AL he | mage quart [y“]
of 20,000 sheet Sn@bﬁﬁ- # phote layesr got havingamangdert he col um " Bl ack

stripe" in Tabl éayﬁmsusaﬂfmdhwmtmbbetobéchﬁged Phe fetasheets of prints,
the anodi zed al bk idTbe diRirgedSused wiisOk Sbidin membéetd @l st ance of the
rol lers used i n AL br 37 (Elnh) insiiRRD B A tublifartiddiitivend e
substantially base member of aluminum, and a dielectric layer as a

phbotoreceptor layer of 20 (um) thick of the function

separation/negative charging type. The peripheral

speed of the member to be charged was 1.5 (cm/sec),

different from those in the examples already described.

Voltage Va and current I, necessary for charging a
member to be charged to —600 (V), were measured.
The results of the measurement were: Va=—1.16 (kV)
and I=-3 (pA).

A pinhoie of 0.3 (mm¢) was intentionally formed in
the charging member. A tolerable current value within
which no forther enlargement of the pinhole or no fur-
ther deterioration of the member progresses, was mea-
sured as in EXAMPLE 1. The current value was —3
(A)-

Defects each of 0.3 (mmd)) were intentionally formed
in members to be charged. Under the condition that
Va=-1.16 (kV) and the restricted current of the
power source was —6 (uA) using a charging member
forming a pmhole of 0.3 (mmd), images were actnally
formed and states of images were inspected. The results
were: the members C and D prodoced good images, but
'the member E produced the image marred by a black
stripe.

In this example, the underlayer is not used. Accord-
ingly, satisfaction of only the inequality (17) suffices for
the measure for the pinhole problem. Check was made
as to whether or not the inequality (17) is satisfied. The
resuits were: the members C and D satisfied the inequal-
ity (17), but the member E did not satisfy the inequality.
Also from this fact, it is seen that the black stripe forma-
tion can be suppressed if the inequality (17) is satisfied
even in the case where the photoreceptor layer not
having the underlayer is used.

EXAMPLE 6

The members C and D were used for the charging
members. The same member to be charged as that used
in EXAMPLE 1 was used. The voltage applicd to the



I nverely proportional
el ectrode. A load per unit area for pressing the el ectrode a

charging roller was nearly equal to that when the resistance
measur ed. The resi stance of the anodi zed al um num | ayer wa
inversely proportional to the contact area of it with the el
this resistance depends on the volt- ages the applied voltag

to the contact area between it and the.a%um‘ num

EFLAGERENT StieeT

C&E&JM 1R98

set _equal

to the breakdown voltage of the anodized alum numlayer in the neasure-

ment. The current decharging membereivast forhed byesupdrposing
measurement of the rQolfipe’ & aSDADRL

B B s ﬁ%@“%*%éém.sfy

(bI ack

I n EXAMPLE 13 sati sf
corresponding to [er
to [err]l mnm while
I nequality (20), and
stripe).

a%mémlgb QAP0 ons 5 to 10

Ct ar ea

err]0.1 mm

thes waiefermeok the 4G voltage ywas ém
The remaining specifications were the same n
EXAMPLE 1.

Before an experiment is conducted, each charging
member was set to the image forming apparatus shown
in FIG. 14. An experiment of charging the member to
be charged was conducted. The results of the mcasure-
ment were: the member to be charged was charged to
—600 (V), and the current flowing at that time was —6

(#A). ' ,
Asin EXAMPLE 1, defects each of 0.3 (mmdé) were

imtentionally formed in members to be charged. Each of

the defect marred member to be charged and each of
the members C and D were set to the ir image forming
apparatus shown in FIG. 14. Actually, images were
formed and states of images were inspected. Every time
the member was replaced with another, the member to
be charged was replaced with a new one. The results
were: the members C and D produced images contain-
ing black dots, not black stripes.

The resistance values R of the members C and D are
defined by —6 (JuA) of the current fed thereto, and
Va=(DC voltage)+(effective value of the AC vol-
tage)= —600 —495= — 1095 (V). Calculation was made
to check whether or not the formula (8) or (17) is satis-
fied, as in EXAMPLE 1. Both the members C and D
satisfied the formula (17). Also when Va=(DC vol-
tage)t+(effective .value of the AC vol-
tage) = —600— 1400=—2000 (V), both the members C

and D satisfied the formula (17).

In another test, the members C and D and a member
to be charged not suffering the defects were set to the
image forming apparatus shown in FIG. 14, and images
were formed on 10,000 sheets of transferred-image re-
cording medium of A4 size by applying the voltage
formed by superposing the AC voltage to the DC volt-
age to the charging member thereby to charge it. Any
image having the black stripe could not be observed.

The fact that cven when the voitage formed by super-
posing the AC voltage to the DC voltage is applied to
the charging member, if the condition is set up on the



68 TABLE 13

4 5 6 7 8 9 10 Va(-V)
1170 1170 1170 1270 1300 1357 Vb (-V)

1145 1170 137

300 300

300 300 300 300 300 Rh([err]) 4.3E6 4.3E6 4.3E6 4.

4.3E6 4.3E6 4.3E6 4.1E6 4.3E6 Rob([err])
4.3E10 4.3E10 4.3E10 4.3E10 4.3E10 4. 3BT0

4. 3E10°4. 3

4. 3E10 Ra([err])

3.5E6 6.9E6 1.2E7 1.7E8 3.5E7 6.9E7 1. 2E8 1 7E8 3. 5E8

vol e 134\’3 nodl zed

1. 7E10 3.5E10 6.9E10 1.
Vee(-V) 817 64@5 RW&

al um num
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obtained are lcwnhthoseobtmnedmthecase
using the DC voitage, was confirmed.
EXAMPLE 7

The charging members for 2 contact charging device
were the members AA to AE constructed such that the
surface layers (resistive layers) (described below) are'
formed on the surfaces of the members A shown in
EXAMPLE 1. The peripheral speed of the member to
be charged was 3 (cm/sec). Va=—1.16 (kV) and
[=—6 (rA) were required for charging the surface to
—600 (V).

Member AA: The surface layer of this member was

- an urethane resin layer, 20 (um) thick, containing car-

bon black tnternally added thereto.

Mecmber AB: The surface layer of this member was
an alcohol-soluble nylon resin layer, 20 (um) thick,
containing carbon biack internally added thereto.

Member AC: The surface layer of this member was
an alcohol-soluble nylon resin layer, 20 (um) thick,
containing perchiorate internally added thereto.

Member AD: The surface layer of this member was a
water-soluble nylon resin layer, 20 (um) thick, contain-
ing carbon black internally added thereto.

Member AE: The surface layer of this member was a
polyvinyl butyral resin layer, 20 (jum) thick, oontammg
carbon black internally added thereto.

A quantity of added conductive agent was adjusted
so that the resistance values of those members AA to
AE are 1 X107 (Q) in the NN environment. The measur-
ing method shown in FIG. 10 was used for this adjust-
ment.

The results of measuring the resistance values R, the
area dependency 1— 8 of the resistance, and the current
dependency y of the resistance of the those members in
the respective environments, as in EXAMPLE 3, are
shown m Table 8.



| ayer breakdown Bl ack stripe X X X

112

o] o] o] In Table 13, Va: Vgl g rred—te
the charging menber in print Vb: Breakdown vol|t Mﬁﬁg SHEET
i nternmedi ate | ayer Ra: Resi stance of the chargirg nenber (Tt
current density in the contact area of it wilth ©hg $hmagegd
S equal to that when t4g@ voltage is applied tjo the inter-
nedi ate |layer. The-area is the entire nip area; 615 nmj err
Rb: Resistance of the internediate Lﬁég éeipl ied volt- age:
Vb, area: @l _onferrl) L lstance of the charaing nmenbér
(the currentMem _LL density in thencontact area of gng with the
el ectrode is eqyal topthat en the voljage 15 apprged to
the inter- pee R ﬂ X : ‘P R B ondi ng
to AA ]0. as8 M35 1x 107  O0I95RUB26 ReSdsI®ncdIst t b2
i nt er medi at eABayeZX(lQ;)pl | @9 v0M4~ 1x107 093 035 6xI108 093 032

10 10 I1x107 10 015 3Ixwé a9 o)

AD 9xro7 1.0 ass 1107 090 066 1x13105 085 03s
AE 1x10® 10 a8 1x107 095 052 2x15 092 04

As shown in Table 8, the resistance R, the area depen-
dency 1—28 of the resistance, and the current depen-
dency'yoftheresvstanoeofthethosemunbaswere
varied depending on the environments. This was
shghtlydlﬁerent&omtheeontentsshownm’fable&
The arca dependency 1— 8 of the resistance depends on
the member used, but generally decreases with increase
of the resistance value of the member. The current
dependency ¥ tends to be large as the resistance of the
member increases.

Then, defects each of 0.3 (mm¢) were inteationally
formed in members to be charged. Each of the defect
marred members to be charged and each of the mem-
bers AA to AE were set to the image forming apparatus
shown in FIG. 14. Actually, images were formed in the
LL, NN and HH environments and states of images
were inspected. The restricted current .value of the
power source was —9 (uA). The results of the inspec-
tion are shown in Table 9.

Check was made as to whether the formula (17) is
satisfied or not, using R, 7, 8, and Va=—1.16 (kV),
I=—6 (rA), k=—3 (uA), and S/s=9600. Table 9 also
shows the results of this check.

In Table 9, in the “image™ column, BD (black dot)
indicates that a black dot appears on the image, and BS
(black stripe) indicates that a black stripe clongating in
the axial direction of the roller appears on the image. In
the “Inequality (17)" column, ) indicates that the for-
mula is satisfied, and x indicates that the formula is not
satisfied. Calculation values of right sides of the inequai-
ity (17) are also shown.




age: Vb, electrode area: corresponding to [err]0.28 mm Vcc:

Vol tage applied to the internedi ate | ayer, ee=va —
XRbb/ ( Raa+Rbb) . The experiments were carrip®EBLACEMENT, SHEET
EXAMPLE 13, except that sone different conpopemts—were Usqdd.
The different conponents are the internediate |ayer of ?3 1AM 1998
phot orecept or nenber and the material @8 the chaf gi ng nenbery.
The resistance of t.he internedi ate | ayer was adj usted by an
organi ¢ pol yneric substance. The breakdown vpl tage of the
intermedi ate | ayer was high, -400PABLE 9 The cur FEMTTTOW ng
through the inteTmedrate 1 qyer NN onaer TntT(')rI[aQG was -400
[err]A (its contact ar-ea—mi%i’n-—— th

' l.reel-ech—:ﬂg_-was 620 mmierr], a
negative vol t age \yas In- applied f% the electr ge, and the
conducti ve suppo% equality . her  \ef8 thed.) - “gmThe current
density pi was O Image an il nce Rb was 1
Merr], |ower thalA BD 260 t hatBDf t h&.8i nt eBRedi at 86| ayer in EXAVPLE
13. By AB chaBBi ng otte ar BDof el6d el eBD ode? 8 he resi stance was

measured. The red§t wWBB t ha#t5.2 he rBRi st a8@e of Bbhe °32
AD BD 078 BS x74 BS x 65

AE BD 7.6 BD s &7 BS z 64

As scen from the results shown in Table 9, in the case
of the members satisfying the inequality (17), if the
member to be charged marred by the pinhole is used for
image formation, the defects of the images formed are
not serious. This fact was confirmed again.

'in another test, the members AA, AB and AC not

causing defects in the formed images in all the eaviron-

ts were set to the image forming apparatus shown in
FIG. 14, and images were formed on 10,000 sheets of
gransferved-image recording medium of A4 size in a
room where temperature and humidity were not ad-
justed- No deterioration of the images was not ob-
served. .

When examining the formulae (8), (13) and (17), it is
scen that the members of which the area depeadency
and the current dependency are small, are easy to satisfy
the formuiae. The results of the examples 1 and 7 show
that the layer made of a material selected from among
urethane raubber, urethane resin, and nylon resin, partic-
ularly alcohol-soluble resin, and polyethylene resin, is
preferably formed on the surface of the charging mem-
ber (i.e., the surface to come in contact with the mem-
ber to be charged). Also where a nylon resin film of 40
{pm) thick is used for the charging member, folded in
two as shown in FIG. 11(%), no defects were found in
the image in all the environments. The film used was a
called nylon resin single layer film.

EXAMPLE 8

The following members H to J each of 22 (cm) in the
effective length wereased for the transfer member of a
contact transfer device. The member to be charged used
was that of EXAMPLE 1. :



I nternmedi ate | ayer was inversely proportional to the
69 area. The resistance was 1.0 X 10[err] ([err]). The

was set at the sane value as above (0.65 [err]A mjerr]) REPIRBEM ENT SHE Tﬁ

construction of the charging nenber was sub- stantially
EXAMPLE 13. The conductive elastic layer, unlike that
was made of an open-cell type urethanesfboam The cel |l di amet

DQ

densitv

e a@’tﬁgé?’

the bubbl e point nethod was 30 [err]m Ten nunber of rqgll
as in

Member H: Roller with a conductive layer made of
urethane foam containing carbon black internally added
thereto (volume resistivity: 107 (2 cm), Asker C hard-
ness: 35 (), cell diameter: 300 (um), and thickness: 5

(mm)).

Member I: Roller with a conductive layer made of
urethane foam contammg carbon black internally added
thereto (volume resistivity: 108 (@ cm), Asker C hard-
ness: 35 (), cell diameter: 300 (um), and thickness: §

(mm)).



EXAMPLE 13. The resistance values Ra when its contact ar
el ectrode was 620 nmmjerr], are shown in Table 14. This t
experiment conditions 1 to 10 in EXAMPLE 14 and the resu
correspondi ng manner. The current density pi was set at
t hat when t he breakdown voltage was applied to the inter
[err]A/mjerr]). The resistance charastieristic of the r

t hereof In

mediate | ayer (0.
[ler, unlike t at

of EXAMPLE 13, depends on the current vvhen nmeasured. The
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roller was not inver
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rskcen jomm, cmmmngtmt deterosliyhen t he
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It ég ance was
1 ST0 hea?ggeenen? erelsa by the
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15. A trans ervoltagewassetat-i— (V). The

cun-ent 1, whxch flows into the member to be charged
under this voltage, was measured. The peripheral speed
of the member to be charged was 3 (cm/sec). The mea-
sured current I was 2 (pA).

Defects each of 0.3 (mund) were intentionaily formed
in members to be charged. Each of the defect marred
members to be charged and each of the members Hto J

-were set to the image forming apparatus shown in FIG.
" 15. Actually, images were formed and states of images

were inspected. Every time the member was replaced
with another, the member to be charged was replaced
with 2 new one. The restricted curremt value of the
power source was 15 {(upA). The resaits are shown in
Table 10.

The resistance values R of the members were mea-
sured by the measuring method shown in FIG. 10. The
measuring cucrent was 2 (zA). The area dependency
1~ of the member resistance and the current depen-
dency ¥ thereof were measured. Check was made as to
whether or not the formula (8) or (17) is satisfied. The
resuits of the measurement and the check are also
shown in Table 10. In this table, in the “formula™ col-
umas, () indicates that the formula is satisfied, and x
indicates that the formula is not satisfied. Calculation

_values of right sides of the formulae are also showa.

TABLE 10
Member Image log (R) B8 b4 (8 140}
H White 6.1 0.61 0.51 x 8.8 x33
strip
I Good 12 Q72 0335 x8.1 72

I Good 1.0 0.85 Q2! x4 o4l

As seen from Table 10, when neither the formala (8)
or (17) is satisfied, a poor transfer (white stripe) appears
in the image.

In another test, the members AA, AB and AC, and a
member to be charged not suffering from defects were



0.061 mjerr] denoted as Raa, are shown in Table 14. The
was adjusted so as to be the sane val ue as above (0.65 [4r
remai ni ng measur- ing conditions were substantially the da
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EXAMPLE 9

The members I and J vsed in EXAMPLE 8§ were
used for the transfer member of a contact transfer de-
vice. The method similar to that of EXAMPLE 8 was
used. During the pericd of forming an image on the
photoreceptor layer, viz., before the transfer procsss, 2
cleaning voitage —250 (V) for cleaning the transfer
member was applied to the transfer member. After a
toner image is formed on the photoreceptor layer, the
image is transferred onto the transfer member.

In another test, the members I and J, and 2 member to
be charged not suffering from defects were set to the
image forming apparatus shown in FIG. 15, and images
were formed on 10,000 sheets of transferred-image re-
cording medium of A4 size. No white stripes were ob-
served in the images.

In this example, when the trausfer voltage is applied,
both the members I and T satisfy the inequality (17).
Accordingly, also when the cleaning voltage is applied,
the above-mentioned conditions hold.

Since the cleaning voltage is usually smaller than the
breakdown voltage of the uaderlayer, check was made
as to whether or not the formala (13) or (17) was satis~
fied. Both the formulae were satisfied.

Thus, if any of the formulae (8), (13) and (17) is sahs-
fied, no poor transfer occurs, nc enlargement of
defects and pinboles in the photoreceptor layer ismade,
and no deterioration of the members is made irrespec-
tive of application of the cleaning voltage. This fact was
confirmed.

EXAMPLE 10

The roller constructed as shown in FIG. 11{(¢) was
used for the charging member of a contact transfer
device. A solid, conductive urethane as a conductive
layer was formed on the roller. The resistance of the
conductive urethane was varied. Charging members a
to j as shown in Table 11 were prepared. The resistance
values R of the members were measured by the FIG. 10



70 14, the conditions 1 to 6 in EXAMPLE 14 do not satisfy
(20). In the conbinations of the condi- tions 1 to 6 in th
i ntermedi ate | ayer was broken down (in Table 14, this statje
"X" in the colum "internediate | ayer breakdown"). The do
the conditions 7 to 10 in EX- AMPLE 14 satisfied the ineqy
internedi- ate | ayer was not broken do®8 (this state is indi

“[err]™ in the colum "internediate |ayer breakdown" ) The results of an

experi ment mheren;aﬂoaolmq{amslprtagqggmw{cg <Ak at

ﬁggf | ayer as 1n an act uaI case w il be
i ons

menber haV|ng a
descri bed.

to 5 In EXAMPLE 14
¢ member to be ged was structured such that

an undcrlayu- of anodized aluminum is formed on a
conductive base member made of aluminum, and a pho-
toreceptor layer was layerad on the underlayer.

The breakdown voltage V't of the anodized aluminum
layer as the underlayer was measured. In the measure-
ment, the conductive base member was earthed, and 2
voltage of the same polarity as the charge voltage was
applied to the surface of the ancdized aluminum layer
for onc minute. The highest voltage within which the
underiayer is not broken down was measured. The area
S of the electrode brought into coantact with the anod-
ized aluminum layer was 6.15 (cm?), and the load per
unit area was 163 (g/cm?) (gross load: 1000 (g)).

In the results of the measurement, the breakdown
voltage Vt of the anodized alaminum layer was —300
(V), the curreat i was — 100 (uA), and the current den-
sity in the contact area with the clectrode was 16
(rtA/cm?). The measurements were carried out 30
times. {(average value) +(3 X standard deviation)lof the
resistance Rp of the anodized aluminum layer was
4.3 108 (Q).

By changing the area of the electrode, the resistance
of the anodized aluminum layer was measured, to obtain
the area dependency 1—a of the resistance. a=1, that
is, the resistance of the anodized aluminum layer was
proportional to the area. Accordingly, the resistance of
the anodized aluminum layer when seen from the defect
was 4.3x1010 (Q) where the pinhole area
2==6.15¢10—4 (cm?) (corresponding to 0.28 (mmd¢)).
The current density was set at the same value as above
(16 (LA/cm?)), The area dependency 1— 8 of the resis-
tance of the members a to j were obtained. By changing
the clectrode area, the resistance values were measured.
The result was that the resistance values of the members
a to j were inversely proportional to the area, and D=1.
The current dependency 7 of the resistance of the mem-
bers a to j were obtained. y=1 for each of the members.
The pinhole resistance Rq is 10# times as large as the
member resistance R, as seen from Table 11.

The charging member was brought into contact with
the underfayer, with the photoreceptor layer not inter-
vening thercbetween. A voltage was applied to the

' it
sREemmhﬂ?T %Qggp

alli t

el

Ut oor




| Vb| < | Vcc|, these conditions did not satisfy the in- equ:)&l REBLA@EW;NTH -
conditions 3 to 5 in EXAMPLE 14 allows | Vb|>|Vc|to hold an 5l E
the inequality, |Vb|] > |Val] XRb/(Ra+Rb). Each of the rollefs vv? pjﬁigeég
agai nst a photoreceptor nenber in which a defect of 0.28 ( e %)
formed in the photo- receptor |ayer at the |oad of 1000 (qg).
condition 1 to 5, the currents |eaked % the pinholes. Pdor charge occurs
over the entire range of the nip between the roller and th
| ayer. Black stripes ehargiﬁgrxﬂdmwrtme&kl Wae Gnade @6 todivhictiser 6f at i on
periods. The inmage qugbt the #ad sfa&afia AL Fromyll nol y, the
columm "Bl ack stri pe #ﬁ% & CIE heral speed
of the roller was equa ore print,
the parts of the int el H-Blaeme not
broken down. After pr @&hcmeb charging-member. s, the fact
that for the conditi onoe, the broltages oVia tdlehm'gerthemel off ¢he (or
underlayer), the in- photoreceptor layer to —600 (V) were set as shown in

Tabie 11. The application of the voltages continued for

one minute

The resuits were shown in Table 11. x indicates that

the underlayer is broken down, and () indicates that it

is not brokea down.
The voltage applied to the underlayer, as already
referred to,

VzXI‘!/(TQ'*‘Rﬂ)‘

and the caiculated values are described in the “divided
voltage™ columns.

TABLE 11
Member a b c d e { 5 h i }
R D) L7ES8 JSE6 69B4 12E?7 L7E7 3ISE?7 69BE? 1.2E38 (.7E3 3.SES
Rq () 17EI0 13EI0 69EI0 12E1l L7El1l 3SEll 69EIl 12El12 1L7JEL2 J1SER2
Va (=V) 1145 1170 {170 1170 1170 1170 110 1270 1300 1357
Underiayer X x X X ° a e a ° °
beeskdown
Divided 817 648 448 307 233 129 48 44 32 17
voltage (~V)

As seen also from Table 11, in the case of the mem-
bers a to d, a voltage higher than the breakdown volt-
age Vt is applied to the underlayers, so that the under-
layer is broken down. In the case of the members e to j,
a divided voltagc, lower than the breakdown voltage, is
applicd thereto. Then, the underlayer will not be bro-
ken down.

Each of the members a to j was pressed against a
member to be charged in which a defect of 0.28 (mm¢)
was formed in the photoreceptor layer at the load of
1000 (g) (the load per umit area is equal to that in the
resistance measurement). The member is arranged so as
to turn following the rotation of the member to be
charged. Images were formed. The development was
the reversal development. In the case of the members a
to c, currents leaked at the defects. Poor charge cccurs
over the entire range of the nip between each member



equality, or the inequality (20), [err] not nust ppe—aset—nas
confirmed. In the condition 6 in EXAVPLE 14, |Vb| < | Vccf BEPM@EMENT SH L[T
conditions did not satisfy the inequality (20). As in the opdrttons—tto
i n EXAMPLE 14, the photorecep- 2.3 JAN 1298
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and the member to be charged. Black stripes appeared
on the printed images at the rctation pericds.

After the experiment, it was confirmed that the resis-
tance of the underlayer cf the part right under the de-
fect was considerably reduced, and the defect part was
destroyed to grow into a pinhole. In the case of the
member d, current leaks ar the defect part, but poor
charge did not extend over the entire range of the nip
betwesn the member and the member to be charged.
The resultant image was almost satisfactory, except a
black dot appearing in the image. Repeating the print,
the black dot gradually grew. After 2C0 sheets of printsy
biack stripes appeared in the fmages at the rotation
periods. Our visual check showed that the defect of the
member to be charged was enlarged to be a pinhole of
about 1 (mme¢).

In the case of the members e to j, no leak current was
observed, and no black stripe appeared in the images.
20,0G0 sheets of prints was gained at print quelity satis-
factory in practical use. After 20,000 sheets of primts,
neither expansion of the defect nor breakdown of the
underjayer was observed by our visual check.

In <EXAMPLE 10>, the charging member and the
member to be charged are both Q in the area depen-
dency of their resistance. Therefore, even if defects of
Q.1 to 1 (mmd), in addition to the defect of 0.28 (mmd)
are present in the member to be charged, the members
e to j will not break down the underlayers (anodized
alaminum layer), and the defects will not be grown mto
pinholes. This fact was confirmed.

EXAMPLE 11

The underlayer of the member to be charged is a
high-molecular organic layer of which the resistance
was controlled by a resistance control agent. The con-
ductive elastic layer of the charging member was made
of 2n open-cell type urethane foam of which the cell
diameter is 30 {(um) when measured by the bubble point
method. The remaining coustruction was the same as
that of EXAMPLE 10, and the experiments conducted
were substantially the same as those of EXAMPLE 10.

The specifications of the underlayer were: the break-
down voltage Vt=—400 V, resistance Rp=1X 106 (Q})
(current i was —400 (;A) and the area S was 6.2 (cm?));



71 tor nenber having a pinhole was used. The cyr

| eaked at the pinholes. Wien printed, the printed inages RMEEMENT SHEET
suffered fromblack dots in the initial stage, but the I mage
quality was satisfactory. Continuing the printing, E@e’@l‘%hgws
dots grew. After 200 sheets of prints, black stri Al e
in the images at the rotation periods: 56 Deteriorfati on of the
i mage qual ity was._remarkabl e. Accor di ngl y, the ‘eetumnBlack
strltpe f|tnhTabI e ;ﬁd a=1. The mu@gaqgfk&qlsmﬁ& g (6 Beicage4print, the
parts o e

Iﬁy@rzg eql i nhol es wer e
not br(o:l?e 1 ts o?ﬁp?ll nt s pi nhol e of
evag%ii?gfa 2%?5 ¢ g

t he phot orecept or ff e t he eter of

[err]1 mm and the W S ABRER were used for down.
In the conditi ons the tcharging, membg. £l hgse members werp\@iffesent/cc| and the
condi ti ons sati sf framethosenaEAMPLE 10 in t§#0}he Ased deplr- case of the

conditions 1 to 6 defcyNe~BX-of the resistance was 0.75, not 0. And the
current dependency y was alsoc not 0. The resistance
values shown in Table 12 are the resistance values Ru of
the members when current of —400 (uA) was fed 10 the
area 6.2 (cm?). The underiayer resistance values Rq
when seen from the defects are also shown in the table.

The charging member was brought into contact with
the underfayer, with the photoreceptor layer not inter-
vening therebetween. A voltage was applied to the
charping member. Check was made as to whether or
not the underlayer is dielectrically broken down.

The results were shown in Table 12. x indicates that
the underiayer is broken down, and () indicates that it
is not broken down. The voltage values Va applied to
the members were also shown therein.

The voltage divided to the underlayer, as already
referred to,

VaXrq/(m+Rq),

and the calculated values of the voltage are also shown
in Table 12. In Table 12, these are described in the
column “Divided voltage”. The calculation resalts of
the following relation are also described in Table 12, in
the column “Reference™.

Vaxrg/(Rp+Ru),

which is based on the assumption that the voltage ap-
plied to the underiayer depends cn resistance values Rp
and Ru, not the resistance valoes rg and Rq when seen
from the defects.




AMPLE 14, the photoreceptor |ayers having pinholes . were used.. No
currents | eaked at the pinholes. Wen printed, | tAEp ACEMERT SHEET
i mges suffered from bl ack dots, but t he i mage th:igoo
sheets of prints was satisfac- tory. Accordingly, e

"Bl ack stripe" in Table 14 was marked with "[e r]ﬁ%&fffg&% 0
sheets of prints, the intedfedi ate | ayer was n¢t Lbroke.

TABLE 14 ) 1 2 3 4 5 6 7 8. 9

10 Va(-V) 1042 1100 1157 1170 1170 1170 1011401140
1225 1225 Vb(-V) 400 400 TABRE 12 400 400 400 400 400
400 400 . ’ - T,UEG I OE6

1. 0E6 1. 0ke— 54 =0

1. 0E10 1. G e £o 5o 7, 4. OE6

7.0E6 1.QR¢—@ 0E7 4. afz? 7957 11340Eﬂvd?aa(1[mrrﬂ:
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695 55 4 146 . 106 .56 12,5VCC 93
1000 96%‘!IB o 5e i 338" ﬁé 1S5 By B B m By
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As seen from Table 12, in the case of the members k
to [, a divided voltage higher than the breakdown volt-
age Vt is applied to the underlzyers, so that the under-
layer is broken down. In the case of the members qtot,
a divided voltage, lower than the breakdown voltage, is
applied thereto. Then, the underlayer will not be bro-
ken down. In this case, it will be seen again that the
resistance values of the member when seen from the
defect or pinhole and the resistance of the underlayer
must be used for the calculation. That is, as in the con-
ventional case, the values in the column *“Reference”
are not the divided voitage values for the underlayers
(otherwise, the members m to t counld not break down
the underiayers), but the resistance values of the mem-
ber when seen from the defect or pinhole and the resis-

tance of the underlayer must be used.

Each of the members k to t was pressed against a
member to be charged in which a defect of 0.28 (mm)

was formed in the photoreceptor layer, and

Images

were formed. In the case of the members k to o, currents
concentrically leaked at the defects. Current was little
distributed over the entire range of the nip between
" each member and the member to be charged. This re-
sults in poor charge, and black stripes appeared on the
printed images at the rotation periods. After the experi-
ment, it was confirmed that the resistance of the part of
the anodized aluminum layer, which is right under the
defect, was considerably reduced, and the defect part

was destroyed to grow into a pinhole.

In the case of the member p, current leaks at the
defect part, but its vatue is restricted below a predeter-
mined value. Curreat of such 2 value as to charge could
be distributed over the eatire range of the nip between
each member and the member to be charged. The resul-
tant image was almost satisfactory, except a black dot



Bl ack stripe X X X o]

In the exanpl es as nentioned above, it is required

the forrmulae (8), (13) and (17) is satisfied. It

that in the present invention, the satisfaction

conbi nation of these fornulae, such as the for-

(13) or all of the formulae (8), (13) 3&d (179,

72 As descri bed above, in a contact charge supply de-
appesring at a limited area of poor charge, or the defec-
tive part, in the image. Repeating the print, the black
dot gradually grew. After 200 sheets of prints, biack
stripes appeared in the images at the rotation periods.
Our visual check showed that the defect of the member
to be charged was emlarged to be a pinhole of about 1
(mmd) after 2C0 sheets of prints.

In the case of the members g to t, no leak current was
observed, and no black stripe appeared in the images.
20,0C0 sheets of prints was gained at print quality satis-
factcry in practical use. After 20,000 sheets of prnts,
neither expansion of the defect nor breakdown of the
underlayer was observed by our visual check.

EXAMPLE 12

- The condition to avoid the breakdown of the inter-
mediate layer (or underlayer) will be discussed again.

FIGS. 18(a) and 18(}) are a sectional view schemati-
cally showing a contact charging device in which a
photoreceptor member 150 is used for a member to be
charged, and a charging member 10 is used for charging
it. In this example, the photoreceptor member 150 is
constructed such that an intermediate layer 152 is
formed on a conductive support member 151, and a
photoreceptor layer 153 of made of organic or mor-
ganic photosensitive material is further layered on the
intermediate layer. If 2 pinhole 157 is formed in the
photoreceptor layer 153 by foreign material mixed
thereinto or scratch, the intermediate layer 152 will not
be physically and chemically changed. A charging
member 10 is as described referring to FIG. 11(a), and
a conductive base member 11 is connected o a power
source 60.

FIG. 19 is an equivalent circuit of the contact charg-
ing device shown in FIG. 18(a). Resistance of the con-
ductive base member 11 of the charging member 10 is
considerably smaller than. that of the conductive clastic-
layer 12, and negligible. The resistance of the conduc-
tive elastic-layer 12 is represented by resistance 160 of
the conductive elastic-layer 12. When the photorecep-
tor layer is not marred by a pinhole, current fed from

O? ﬁn%(’%iggﬁn
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vice for controlling the charges, which are supplied to aR%AQEMENB
charged by bringing a contact nenber applied with an exfefna
contact with the nenber to be charged, any of the foll omw

SHEET |
nl

hol ds [err] where |Va| |Val>|Val |Vt| atb> Vi

wher e | Va|< [M|, log (a)=log (R +([err])xlog (S/s)

| og (b)=log (Rp)+aXl og (S/s) | og ¥9R) >l og (Va X 10 )
+([err]) Xl og . (SIs)+[err]log (k/l) 0

the power source 60 flows into a capacitor 163 of the
photoreceptor layer, through the resistor 160. The volt-
age from the power source 60 has the same polarity as
for charging. A switch 161 presented by the pinhole is
in an off state, the capacitor 163 of the photoreceptor
layer retains charges therein.

When a pinhole is formed in the photoreceptor layer
153 by foreign material mixed thereinto or scratch, the
switch 161 is turned on. The voltage Va from the power
source 60 is applied to across the gross resistance of the
charging circuit model, viz.,, the sum (Ra+Rb) of the
resistance (denoted as Ra) of the conductive elastic-
layer 12 and the resistance (denoted as Rb) of the inter-
mediate layer. The voltage shared by the resistor 162 of

* the intermediate layer is denoted as Vc. Then, we have

Ve/Ya=Rb/{(Ra+Rb),

Rearranging this equation, we have

Vo= Ve X Rb/(Ra+ R5).

If the pinhole is formed in the photoreceptor layer,
the intermediate layer will not be broken down so long
as the voitage Vc is below the breakdown voltage (de-

" upoted as Vb) of the intermediate layer. Under this con-
dition, the current (denoted as I1), restricted by the sum
resistance (Ra--Rb), is allowed to flow.

When Vc>Vd, the intermediate layer is broken
down, and the current (denoted as 12) restricted by the
resistance Ra leaks. Since I1<12, an increased current

_ flows when the intermediate layer is broken down.
Accordingly, if Va, Ra, and Rb are selected so as to
satisfy the following inequality

17| & | Vel

hence, |Vb|=|Va] XRb/(Ra+Rb), i voitage higher
than the breakdown voltage will not be applied to the
intermediate layer even when 2 pinhole is formed in the
photoreceptor layer by foreign material mixed thereinto
or scratch. Accordingly, the mtermediate layer is not
broken down and no leak current flows. No voltage
drop takes place, and neither a black stripe nor a white
stripe appears in the printed image. Since no lezk cur-



In the above in qualities, Va (V): voltage applied to a ¢entact nenber in
contact with the nenber to be charged | ([err]A): curreny pgg

t he contact nmenber to the nenber to be charged S (cnerr]); Flﬁ({(\?@@gﬁf%ﬂ
of the menber to be charged and the contact nenber R ([efr resi st ance
of the contact nenber when current | ([err]A) is fed to anfa %3 JAN 1998
corresponding to the contact area S (é8{err]) of the contact!
curent dependency of the resistance of the cont act menber 1-[err] area

dependency of the resﬁg:g%g exlfp -

defective part of th % 0 voltage of
an underl ayer i tW B Vi OB?mFFrE‘ under | ayer
corresponding to the t@asdam nacecdsbydh{c lemnb!:mdfcralong

time.

The application of the invention for an actual image
forming apparatus based on the electrophotography
system will be described. The charging member used in
the contact charging device of the inveation is already
described with reference to FIGS. 11{g) to 11{/). As a
matter course, the sttucture and the material of the
charging member are not fimited to these described in
connection with FIGS. 11{a) to 11{f). For example, 2
sohid discharge member can be used, although it is used
in 2 noncoatact fashion, that is, a gap of several pm to

".several tens pm is kept between the surface of the solid
discharge member and the surface of the photoreceptor
layer. The resistance Ra is a resistance in the portion
ranging from the conductive support member of the
solid discharge member to the surface thereof.

We had two facts on the resistance of the charging
member.

i) The resistance is not inversely proportional to the
contact arca of the charging member with the elec-
trode.

The electrodes of different sizes were brought into
contact with the surface of the charging member. And
resistance between the conductive base member and the
electrodes were measured. The measured values of
resistance were plotted with respect to the sizes of the
electrodes. The fact that the resistance is not inversely
proportional to the contact area of the charging mem-

_ ber with the electrode, was confirmed from the graph.

FIG. 20 shows a graph showing the area dependency
of resistance of the charging member and a graph show-
ing the area dependency of resistance of the intermedi-

" ate layer of the photoreceptor drum. In each of these
graphs, the abscissa represents common logarithmic
values of the electrode area S (mm?2), while the ordinate
represents common logarithmic values of resistance R
(Q). In the graphs, a characteristic straight line (A)

. . indicates a resistance of the charging member. A char-
gcteristic rectilinear bine (B) is representative of resis-
tance of the intermediate layer. The straight lines (B) in
FIG. 20(a), (A) in FIG. 20(}), and (B) in FIG. 20(5) are
inclined at — 1. The resistance is inversely proportional



age, slightly |ower than the breakdown voltage Vt (V), is appked. 10 that

ar ea 73 err]): resijsR h
Ro ([err]) SREPOERIENT §“Eff—1

under | ayer when the current i ([err]A) flows into the an arga e
under| ayer corre- sponding to the contact area S (cniferr]) ywhgn aajv.olta e,
slightly I ower than the breakdown voltage WVt (V), is appliegd ozt alAth

j ([err]A): current allowed to flow irfil an area of the undprkaye
corresponding to the defective part are s (cnjerr])

to the area. Accordingly, when the electrode area §——————e___
1/10,000, the resistance values is increased 10,000 times.
The straight line (A) in FIG. 5(g), baving an inclination
of —0.75, shows that the resistance is not inversely
progorticnal to the area. Accerdingly, when the elec-
trode area is 1/10,0C0, the resistance values is increased
only 1CC0 times. The characteristic of resistance of the
charging member with respect to the contact area de-
pends cn the charging members of different sizes and
materials. Because of tiis, it is difficult to predict the
resistance of the area corresponding to a pinhole on the
basis of the resistance Of one contact area. Therefore,
the resistance of the charging member is measured by
using the clectrode of the area corresponding to the
pinhole. Particularly for measurement of the charging
member of high resistance, it is difficuit {0 measure the
resistance using the electrode of 2 minnte arca. For this
reason, the resistance of the area corresponding to the
pinhole may be predicted in 2 manner as shown line (A}
in FIG. 20(z) that the resistance is measured using the
electrodes of different sizes, a straight lne is drawn in
the logarithmic graph.

Again, it is necessary to directly or indirectly exam-
ine the resistance of the charging member and the inter-
mediate Iayer when the area of the contact electrode
corresponds to the pinhole, and to use the results for the
resistance Ra or Rb.

i1) Resistance depends on current (or voltage)

Resistance between the conductive basc member and
the electrode was measured in a manner that the elec-
trode was brought into contact with the charging mem-
ber, and current or voltage applied was varied. A rela-
tionship between the current or voltage and the resis-
tance was plotted in a graph. The graph showed that the
resistance values of most charging members depends on
the current or voltage.

FIG. 21 shows a graph for explaining the current
dependency of resistance of the charging member. The
abscissa represents current values when current flows
to the charging member, while the ordinate, common
logarithmic values of resistance of the charging member
at that time. FIG. 21(a) shows a graph showing an
example where the resistance depends on the current.
As shown, where the current is small, the resistance s
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FI1G. 21(5) shows a graph showing an exampie where
the resistance does not depend on the current. Some
types of charging members have not the current depen-
dency of their resistance. Accordingly, those members
exhibit constant resistance if the curreat fed thereto
varies. The current value may be properly selected for
measuring the resistance of those types of charging
members.

- For the reasons 1) and if) above, the resistance of the
charging member will be measured in the following
method.

A charging member is brought into contact with the
electrode of a small area cotresponding to the pinhole.
A load per unit area for the contact is substantially equal
to that when the charging member is brought into
coutact with the photoreceptor layer for charging the

latter. The current density in the contact area between

the charging member and the electrode when those
come in contact with vach other is snbstantially equal to
the current density pi when the breakdown voltage is
applied to the intermediate [ayer. The resistance is cal-
culated using the voltage and curreat applied to the
charging member. Our study teaches that the size of the
pinbole ranges from $0.05 mm to ¢1 mm, the minute
area corresponding to the pinbole is 2X 10— mm?
{corresponding to $0.05 mm) to 3 mm? {corresponding
to ¢1 mm).

The intermediate layer of the photoreceptor drum
made of organic or inorganic material. The inorganic
material may be any of anodized aluminum (Alz0j),
bochmite AIO(OH)), amorphous silicon oxide, amor-
phous silicon uitride, amorphous silicon carbide, and
the like. The organic material may be any of polyvinyl
alcohotl, polyvinyl methyt ether, polyviny! butyral,
ethyl cellulose, ethylene acryl acid copolymer, gelatine,
maleic acid copolymer, polym:ethane resin, Cpoxy resin,
alkyd resin, polyester resin, silicone resin, phenol resin,
and the like. A resistance control agent, if necessary, is
dispersed or compatibilized into the above resin. The
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the contact nmenber and the electric circuit by the overcurrgn Afhud
contact charge supply device of the invention is highly rella
74 What is clained is: 1. A cont&& charge supply devijce for
controlling the charges, which are supplied to a nenber to ‘be—eharged
resistance control agent may be any of the following
materials: aluminum, copper, nickel, silver, iron oxide,
tin oxide, antimony oxide, indiom oxide, zinc oxide,
titanium oxide, aluminum oxide, barium carbonate, cal-
cium carbonate, copper iodide, carbon black, conduc-
tive copolymer and the like.
We found that the resistance of the intermediate layer
also depends on the current {or voltage). Accordingly,
the resistance of the intermediate layer is set at the
resistance thereof when it is under the voltage applied
thereto. As alrzady described, the resistance of the in-
termediate layer is substantially inversely proportional
to the electrode area.
As seen from the foregoing description, the resistance
.Rb and Ra in the inequality,

| Vb = | ¥a| x Rb/(Ra+R5),

must be the resistance (denoted as Rbb) of the interme-
diate layer and the resistance {denoted as Raa) of the
charging member in a supposed minute area thereof
corresponding to a pinhole, respectively.

Accordingly, the condition not to break down the
intermediate layer is

| ¥B| = | Va} X RB6/ARaa+ Rbb). (0

FIG. 22 is a sectional view schematically showing an
image forming apparatus incorporating a contact charg-
ing device according to a specific embodiment of the
present inveation. In a photoreceptor member 150 as a
member to be charged, an intermediate layer 152 is

. formed or a conductive support member 151, and a
pbotoreceptor layer 153, made of organic or inorganic
photosensitive material, is formed on the intermediate
layer. The photoreceptor member 150 is charged by a
charging member 10, such as a charging roller or a
charging blade, constructed as shown in FIG. 11. Thex,
the charged photoreceptor member is exposed to light
171 corresponding to image information, emitted from a
light source, such as a laser device or an LED. The
resuit is the formation of a latent electrostatic image
pattern, with gained potential contrast. A developing
unit 172 covers toner 173 as image forming material to

_develop the electrostatic image pattern. A transfer unit
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by heat and pressure, not shown. In this way, a desired
image is printed on the printing paper 175.
The resuits of re-studying the condition not no break

down the mtermediate layer (cr the anderiayer) will be
described in detail.

EXAMPLE 13

A photoreczptor member was used for the member to
be charged The photoreceptor member was structured
such that an anodized almninum layer ss an intermedi-
ate layer was formed on a conductive support member
made of aluminum, and a photoreceptor layer was
formed thereon. The same photoreceptor members
were used in experiment conditions 1 to. 10 imn EXAM-
PLE 13. To set up the breakdown Voitage of the anod-
ized aluminum layer, the aleminum support member
was earthed, and a voltage of the same polarity as the
charge voltage was applied to the surface of the anod-
ized aluminum layer for one minute. The highest volt-
age within which the underlayer is not brokem down
was used as the breakdown voltage of the ancdized
aluminum layer. The area S of the electrode brought
into contact with the anodized aluminum layer was 6.15
{mm?), and the load per unmit area was 1.63 (g/cm?)
(eross load: 1000 (g)). The breakdown voltage of the
anodized aluminum layer was —30C (V), and the cur-
rent was approximately — 100 (pA) under this voltage.
The current density pi in the contact area thereof with
the electrode was 0.16 (RA/mm?). The measurements
were carried out 30 times. [(average value)+(3 Xstand-
ard deviation)] of the resistance, or Rb, of the anodized
alaminum layer was 4.3 X 105 (Q2). By changing the area
of the electrode, the resistance o#the ancdized alumi-
num layer was measured. The result was that the resis-
tance of the anodized aluminum layer was inverscly
proportional to the area. The resistance Rbb of the
anodized aluminum layer was 4.3 X 1010 (1) where the
pwhole area is 0.061 (mm?) (corresponding to 0.28
(mm¢)). The current density pt was set at the same
value as above (0.16 (A/mm?2)).

A charging member 10 is as described referring to
FIG. 11(a). A roller used was constructed such that a
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applied with an extegigh the surface of the roller. The area S of the elec-

trode brought into contact with the roller surface was
6.15 (mm?), and the load per unit area was 1.63 (g/cm?)
(gross load: 10CO (g)). The curreat fed was approxi-
mately —100 (nA). The current density pi in the
contact area thereof with the electrode was 0.16
(rA/mm?), which was equal to that when the break-
down voltage was applied to the ancdized aluminum
layer. The resistance Ra was 1.7 X 106 (Q2). By changing
the area of the electrode, the resistance was measured.

_-The result was that the resistancs of the rofler was
inversely proportional to the area ((A) in FIG. 20(3)).
The resistance Rax was 1.7 X 1010 () where the pin-
bole area is 0.061 (mm?)} (corresponding to 0.28 (mmé))-
The current density pi was set at the same vaiue as
above (0.16 (uA/mm?)).

Ten number of rollers were prepared for EXAMPLE
13, and used for the experiment conditions 1 to 10 in the
example, one for one. The resistance values of the rol-
lers are stepwise increased as the columm mumber in-
creases. These resistance values are shown m Table 13.
This table tabulatesthe experiment conditions { to 10in
EXAMPLE 13 and the results thereof in a correspond-
ing manner. o

From our study, we knew the fact that the voltage for
charging the surface of the photoreceptor layer to a
potential depends on the resistance of the charging
member, Hence, the voitages to charge the surface of

" the photoreceptor member to —600 (V) were set as
shown in Tabie 14.

The results of an experiment where the roller was
brought into contact with the intermediate layer with-
out interlaying the photorsceptor layer therebetween,

- will be described. _

FIG. 18(5) is a cross sectional view showing a scheme
of an experiment for checking as to whether or not the
intermediate layer is broken down by application of the
voltage.

A stuff tube 1SS is constructed such that an ancdized
sluminum layer as the intermediate layer 152 is layered
on the conductive support member 151 The construc-




voltage into contact with the nenber to be charged, REPLACEMENT SHEET
75 which at |east includes an underlay, characterized in |t hat—tho—

fol | owing i nequality hol ds [err]  where Lerrll | 93 jan 1998

66

tion thereof is the same as that of the photoreceptor
member 150 except that the photoreceptor layer is not
used. A voltage was applied to the roller being pressed
against the stuil tube for cpe minutz under the condition
of the combmations of the roller resistance and the
applied voltage shown in Table 13.

Vcc represents a8 voltage shared by the intermediate

layer where the contact area between the charging
member and the intermediate layer is very small. As
seen from the comparison of the voltages Vb and Ve
shown in Table 13, the conditions 1 to 4 in EXAMPLE
13 do not satisfy the inequality (20). In the combinations
of the conditions 1 1o 4 in this example, the intermediate
layer was broken down (in Table 13, this state is indi-
-cated by “x” in the column “Anodized aluminum layer
breakdown™). The combinations of the conditious 5 to
10 in EXAMPLE 13 satisfied the inequality (20). The
intermediate layer was not broken down (this state is
indicated by (0" in the column “Anodized aluminum
layer breakdown™).

A measurement in which the photoreceptor member
150 with a photoreceptor layer as in an actual case is
used, the charging member 10 is pressed against the
photoreceptor member 150, and a preset voltage is ap-
plied from the power source 60, will be described. The
peripheral speed of the roller was equal to that of the
photoreceptor membex.

The conditions 1 to 3 in EXAMPLE 13 do not satisfy
the inequality (20). Each of the rollers was pressed
against a photoreceptor member in which a defect of
0.28 (mm¢) was formed in the photoreceptor Jayer at
the load of 1000 (g) (the load per unit area is equal to
that m the resistance measurcment). The currents
leaked at the pinholes. Poor charge occurs over the
entire range of the nip between the roller and the photo-

_ receptor layer. Black stripes appeared on the printed

~ images at the rotation periods. The image quality was
remarkably deteriorated. Accordingly, the column
“Black stripe” in Table 13 was marked with “x”. Before
print, the parts of the anodized aluminum layer right
under the pinhcles were not broken down. After print,
these parts were broken down and the resistance therein
being remarkably reduced.
. The condition 4 imn EXAMPLE 13 does not satisfy the
inequality (20). As in the case of the conditions 1 to 3 in
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dots.in the initial stage, but the image quality was satis-

factory. Continuing the printing, the black dots grew.
After 200 sheets of prints, black stripes appeared in the
tmages at the rotaticn pericds. Deterioration of the
image quality was remarkabie. Accordingly, the col-
umn “Black stripe™ in Table 13 was marked with “x”.
Before print, the parts of the ancdized aluminum layer
right under the pmholes were not broken down. After
200 sheets of prints, the pinbole of the photoreceptor
layer was enlarged to have the diameter of $1 mm, and

the anodized slummum layer was broken down.

The conditions 5 to 10 in EXAMPLE 13 satisfy the
inequality (20). As in the case of the conditions 1 to 4 m
the EXAMPLE 13, the photoreceptor layers having
pinholes were used. No currents leaked at the pinholes:
When printed, the printed images suffered from black
dots, but the image quality of 20,000 sheets of prints was
satisfactory. Accordingly, the column “Black stripe” in
Table 13 was marked with “()”. After 20,000 sheets of
prints, the anodized aluminum layer was not broken

down.

The resistance of the rollers used in EXAMPLE 13
did not depend on the current, and was substantially
inversely proportional to the contact area between it
and the aluminum electrode. A load per unit area for.
pressing the electrode against the charging roller was
nearly equal to that when the resistance Ra and Raa was

measured.

The resistance of the anodized aluminum layer was
also inversely proportional to the contact area of it with
the electrode. Since this resistance depends on the volt-
age, the applied voltage was set equal to the breakdown
voltage of the anodized aluminum layer in the measure-
ment. The current density pi was set at the same valuc

as in the measurement of the roller resistance.

Accordingly, the conditions 5 to 10in EXAMFPLE 13
satisfy the inequality (20) not only for the contact area
corresponding to $0.28 mm but also for the contact area
of $0.1 mm to ¢! mm, while the conditions 1 to 4 m
EXAMPLE 13 do not satisfy the inequality (20), and it

was coincident with the result of print (black stripe).
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In Table 13,

Va: Voltage applied to the charging member in print

Vb: Breakdown voltage of the intermediate layer

Ra: Resistance of the charging member (the current

. density in the contact area of it with the electrode is
equal to that when the voltage is applied to the inter-
mediate layer. The area is the entire nip ares; 615
mm?)

Rb: Resistance of the intermediate layer (applied volt-
age: Vb, area: 615 mm?)

Raa: Resistance of the charging member (the current
dexnsity in the contact area of it with the electrode is
equal to that when the voltage is applied to the inter-
mediate layer. The electrode area: corresponding to
$0.28 mm)

Rbb: Resistance of the intermediate layer (applied volt-
age: Vb, electrode area: corresponding to ¢0.28 mm)

Vec: Voltage applied to the intermediate layer,
Vec=Va XRbb/(Raa-+Rbb).

The experiments were carried out as in EXAMPLE
13, except that some different components were used.
The different components are the intermediate layer of
the photoreceptor member and the material of the

- charging member.

mmmofthemtamedxatelayerwasadjm
by an organic polymeric substance. The brezkdown
voltage of the intermediate layer was high, —400 V.
The current flowing through the intermediate layer
under this voltage was —400 pA (its contact area with
the electrode was 620 mm?2, a aegative voltage was
applied to the electrade, and the conductive support
member was earthed.). The current density pi was 0.65

- wA/mm?. The resistance Rb was 1 MQ, lower than

that of the intermediate layer in EXAMPLE 13. By
changing the area of the electrode, the resistance was
measured. The result was that the resistance of the.
intermediate layer was inversely proportional to the

aZ(ﬂontMl:(Qﬂaerber

a
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densitiyaptyodas set at the same value as above (0.65
pA/mm?).

The construction of the charging member was sub-
stantially equal to that of EXAMPLE 13.

The conductive clastic layer, nnlike that in EXAM-
PLE 13, was made of an open-cell type urethane foam.
The cell diameter measured by the bubble point method
was 30 um. Ten number of rollers were prepared as in
EXAMPLE 13. The resistance values Ra when its
contact area with the electrode was 620 mm2, are
show_n in Table 14. This table tabulates the experiment
conditions { to 10 in EXAMPLE 14 and the resnits
thereof in a corresponding manner. The current density

- pi was set at the same value as that when the breakdown

voltage was applied to the intermediate layer (0.65
;LA/mmz). The resistance characteristic of the roller,
uniike that of EXAMPLE 13, depends on the current
when measured. The resistance of the roller was nat
inversely proportional to its contact area with the elec-
trode. When the contact area was reduced by four dig-
its, the resistance was only increased by three digits.
Hence, the voltage ratios when the charging member
comes in contact with the photoreceptor member at
small areas must be compared. To this end, the diameter
of the pinhole was set to abont $0.28 mm (its area: 0.061
mm?2). the roller resistance was predicted on the basis of
the area dependency of the resistance by the method as
referred to above The resistances having an area of
0.061 mm? denoted as Raa, are shown in Table 14. The
current density pt was adjusted so as to be the same

_ value as above (0.65 nA/mm?). The remaining measur-

ing conditions were substantially the same as those
EXAMPLE 13. In Table 14, the voltage V¢ waes calcu-
lated using the resistance Ra and Rb, and the voltage
Vcc was calculated using the resistance Raa and Rbb.
The results of an experiment where the roller was
brought into contact with the intermediate layer with-
out interlaying the photoreceptor layer therebetween,
will be described.
_ A voltage was applied to the roller being pressed
against the stuff tube for one minute under the condition
of the combinations of the roller resistance and the
applied voltage shown in Table 14. As seen from the
comparison of the voltages Vb and Vcc shown in Table

e .
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The combinations of the conditicns 7 to 10 m EX-

AMPLE 14 satisfied the inequality (20). The mtermedi-
ate layer was not broken down {this state is indicated by
“Q” in the column “ntermediate layer breakdown”™).
The resuits of an experiment where the roller was
brought into contact with the photoreceptor member

nsists of a
er. 8: The
cont act

ont act -type

having 2 photoreceptor layer as in an actnal case, will |

be described.

In the conditions 1 toc 5 in EXAMPLE U4,
[Vb] < | Veci, these conditions did not satisfy the in-
equality (20). The conditions 3 to 5§ in EXAMPLE 14
allows [Vb{>|Vc| to hold and hence satisfied the
inequality, |Vb|Z|Va| XRb/(Ra+Rb). Each of the
rollers was pressed against a photoreceptor member in
which a defect 0f 0.28 (mmd) was formed in the photo-
receptor layer at the load of 1000 (g). In the condition 1
to 5, the currents leaked at the pinholes. Poor charge
occurs over the entire range of the nip between the
roller and the photoreceptor layer. Black stripes ap-
peared on the printad images at the rotation periods.
The image quality was remarkably deteriorated. Ac-
cordingly, the colamn “Black stripe” in Table 14 was
marked with “x™. The peripheral speed of the roller was

equal to that of the photoreceptor member. Before

print, the parts of the intermediate layer right under the
pinholes were not broken down. After print, these pans
were broken down. -

- From this, the fact that for the condition not to break
down the intermediate layer (or underlayer), the in-
equality, or the inequality (ZQ).

| ¥B{ Z | ¥a| X Rbb/(Raa+ Rb&),
not |
| V3| = | Va| X Rb/(Ra+ Rb),
must be used, was confirmed.
In the coundition 6 in EXAMPLE 14, |Vb| <|Vec|,

this conditions did not satisfy the inequality (20). As in
the conditions 1 to S in EXAMPLE 14, the photorecep-
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tcr member having a pinhole was used. The currents
leaked at the pinholes. When printed, the printed images
suifered from biack dots in the initial stage, but the
image quality was satisfactory. Continuing the printing,
the black dots grew. After 200 sheets of prints, biack
stripes appeared in the fmages at the rotation periods.
Deterioration of the image quality was remarkable.
Accordingly, the columm “Black stripe” in Table 14
was marked with “x" Before print, the parts of the
intermediate layer mght under the pinholes were not
broken down. After 200 sheets of prints, the pinhole of
the photoreceptor layer was enlarged to have the diam-
eter of ¢1 mm, and the intermediate layer was broken
down.

In the conditions 7 to 10 m EXAMPLE 14,

- | VB[ >|Vec] and the conditions satisfy the ineguality
(20). As in the case of the conditions 1 to 6 in the EX-
AMPLE 14, the photoreceptor layers having pinholes
were used. No currents leaked at the pinholes. When
printed, the printed images suffered from black dots, but
the image quality of 20,000 sheets of prints was satisfac-
tory. Accordingly, the column “Black stripe” in Tabie
14 was marked with “()”. After 20,000 shects of prints,
the intermediate layer was not broken down.

TABLE 14

1 2 3 4 5 [1 7 3 3 w
Va(=V) 1082 1100 1157 L1170 i 1 1170 11a 1225 1223
Vb (-V) 400 400 400 4% «0 400 400 @0 A0 40
Ry (D) 1.0E6 10E8 1.0ES 10ES LOBA 1OBd 1064 10ES (486 LABS
nhb () 1OEl0 1.0EI0 1.0E10 1.0E10 10EID LOEIO 10EI0 LOEI0 10EI0 LOEID
Ra () SOES 1.0E6 20E4 40§ 0B 10E7 2M0E7 40E7  TO0E? 1OER
Raa (1) S.0E8 1.0E9 20E9 40E9 70E9 10EI0 20E10 40EI0 7.0EI0 LGB
Ve(—~V) 695 s30 3% 234 46 108 56 29 7 = 2
Ve (—-V) 993 1000 %64 46 828 15 390 234 153 114
{mtermedints lnyer z % x X X 3 s ° ° )
eskdown -
‘Black stripe x x X X b3 x a a a °

In the examples as mentioned above, it is required:
that any of the formulae (8), (13) and (17) is satisfied. It
is evident that in the present invention, the satisfaction
of any combination of these formulae, such as the for-
mulae (3) and (13) or all of the formulae (8), (13) and
(17), is allowed.

o



77 where |Va| > | Vt| Va (V): voltage necessary for ch

] h
di schar g- i ng the nmenber to be charged to a predeter n'm'PEﬂCﬂ/@ﬂrrfgyg%T
potential Vs (V) | ([err]A): current necessary for charjgi

or
Ai3- JAN 1988

di schar gi ng the menber to be charged to a predeterm ne
be char ged|

potential Vs (V) S (cnerr]): contact area of the nmenbgr

and t he chargi ng nenber R ([err]): r&8istance of the chargi ng nenber e
cur - rent | ([err]A) is fed to an area correspondi ng £ cont ac
area S (cnjerr]) of theagh | nber . erqucurrent dependency of the
resi stance of the char ﬁ&%_ e I %-CPE t chargs Yidlhcy of the

resi stance of the cha?’% for co the charges,which jare supplied ta def ect i ve
part of the menber todFBember tobe charged by bringing a contact member

applied with an extemal voltage in contact with the

- ];ml;;:sber to be charged, any of the following inequalities
o

log (R)&log (83 RpX(Vu— V1)/Vi} +(a~B)Xlag
(S/5)+yxlog (/D

where |Va| [Va|Z|Va] | V|
a+b5& Vax 105/ ®)
where

| Val<| ¥1|, log (a)=log (R)+{B—=y)Xlog (5/5)
—rXlog (/D)

log (B)=log (Rp)+aXlog (S/3)

log (R)&log (Vax 10%/K) +(y—B)Xiog
(S/35)-+yiog (k/D ©

In the above inequalities, .

Va (V): voltage applicd to a contact member in
contact with the member to be charged

I (uA): current flowing from the contact member to
the member to be charged

S (cm?2): contact area of the member to be charged
and the coatact member

R (2): resistance of the contact member when carrent
I (pA) is fed to an area correspouding to the contact
area S (cm?) of the contact member
Q;wwmdepmdmyofﬂnrm' of the contact

1—8: area dependency of the resistance of the
contact member
8 (cm?): area of a defective part of the member to be

Vt (V): breakdown valtage of an underiayer

i (zA): current flowing into an area of the undexiayer
corresponding to the contact are S (cm?) when a volt-
age, slightly lower than the breakdown voltage Vit (V),
is applied to that area



charged M (V):

br eakdown vol tage of the underl ayer I ([err]A): current
flowng into an area corresponding to the contact area (cojerr]) of
t he underl ayer when a voltage, slightly | ower than the mg
vol t age Vt (V), is applied to that area Rp ([err]): r anceE'gFSﬁggT

under | ayer when
correspondi ng to

voltage, slightly |Iower than the breakdown voltage Vt (

to that area 1

| ayer . 10. A contlﬁ?l(

t he cur- rent i ([err]A) flows into th rea
the contact area73 (cnferr]) of the undef I%@ JAM1988 a

~s—appl.i ed

a._ar dependency of the resistance of the under-

ﬂl‘ﬂ| nﬂ a

O

VY
nmenber to be chariggeApBcaws mficnthenan arey-ofi the mdenhy@rpcdmed with an

external voltage
i ncl udes in unde
hol ds

b ahle whi ch at | east
rmm@ Sénitlict Wi £ lepe,

y 16WRF 3hi"the Sk vb'r&géoww) @9 inequality

applied to that area

j (wA): current allowed to flow into an area of the
nnd;)tlaya corresponding to the defective part are §
(cm

k (@A): current allowed to follow into a defective

part of the member to be charged.

1—a: area dependency of the resistance of the under-
layer.
- The contact charge supply device according to the
present invention includes a contact member which

- contacts to the member to be charged and to which a

voltage is applied. The contact member may be the
charging member, transfer member, contact type devel-
oping member, contact type cleaning member and a
member for disordering a developer remaining on the
member to be charged, as described above. Where the
contact member satisfies the foregoing formula, the
device wouid not suffer from problems in image defect
or any deterioration of the contact member even though
the member to be charged has a defect or pinhole. ‘

The present invention thus arranged can certainly
prevent present: an overcurrent being fed from the
contact member concentrically to the defective part of
the photoreceptor layer if the photoreceptor layer suf-
fers from a defect. Accordingly, poor charge phenome-
non, shaped like a stripe, will never take place. The
printed image has a bigh quality. The contact charge
supply device of the invention is free of the destruction
of the contact member and the electric circuit by the
overcurrent. Thus, the contact charge supply device of
the invention is highly reliable.




atb> Va X 10[err]/j where log (a)=log (R +([err]) Xl ogLSLi)

-[err]Xiog (j/1) | og (b)=log (Rp)+axl og(S/s) REPLACEME
78 in the above inequality, Va (V): voltage necessary fo rgg ng{\rrorS,-”EET
di schar g- ing the menber to be charged to a predeterni ngd
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What is claimed is:

1. A contact charge supply device for contmllmg the
charges, which are supplied to 2 member to be charged
by bringing a contact member appiied with an external
voltage intc contact with the member to be charged,
which at least includes an underiayer, characterized in
that the following inequality holds

log (R)Zlog
f‘?,"“’“‘ Y1/ Vi} +(a—B)Xlog(S/s)+yxlog
i/,

where |VaZ|Vt|

Va (V): voitage applied to a contact member in
_ contact with the member to be charged

I (pA): current flowing from the contact member to

the member to be charged
S (em?2): coutactareaofthembettobecharged
and the contact member

R (Q): resistance of the contact member when current
I (nA) is fed to an area corresponding to the
contact arez S (cm?) of the contact member
7: current dependency of the resistance of the contact
member
1—8: area dependency of the resistance of the
.contact member
s (cm?): area of a defective part of the member to be
charged
- Vt (V): breakdown voltage of the underiayer
i (#A): current flowing into an area of the underlayer
corresponding to the contact area S (cm?) when 2
voltage, slightly lower than the breakdown voltage
Vt (V), is applied to that area
Rp (Q): resistance of the vnderlayer when the current
i (zA) flows mto the area of the underlayer corre-
sponding to the contact are S (cm?) when 2 voit-
age, slightly lJower than the breakdown voltage Vi
(V). is applied to that area _
1 —a: area dependency of the resistance of the under-
layer. .
2. A contact charge supply device for controlling the
charges, which are supplied to 2 member to be charged
by bringing a contact member applied with an external
voltage into contact with the mmber to be charged,

AT




surface potenti al

di schar gi ng the nmenber to be charged to a predeternjned.sur-=

potential Vs (V)

S (cnferr]): contact area of the nenijer b
and the chargi ng nenber R ([err]): resistance of the char@%gﬁﬁéw

cur - rent | ([
corresponding to t
of the resistance
of the resistance.
defective part of
allowed to flowin

oy e e U GU DT

Vs (V) | ([err]A): current necessary Rgmeng# A

3o it

é&n

err]A) is fed to. an area of the chargi ng

he contact area S (crgerr]) [err]: dqurrent dependency
of the charg- i ng nmenber 1- [ er r Jv—area—dependensy

ToreTrroy

ng to the area S (cnferr]) of

a defective part of t he nenber to be charged Rp ([err]): resistance
of the underlayer when %= ¥ Pedt jXS/'s ([err]A) flows into an area

corresponding to

where

| Pa| <| ¥1{. log (a)miog (R}+(B—7)%
2 oxlon G 8 (R)+-(B—r)xlog (5/5)

log (b)=log (Rp)+aXlog (S/1)

In the above inequality,

Va (V): voltage applied to a2 contact member in

contact with the member to be charged
. Vit (V): breakdown voltage of the underlayer

1 (1 A): current flowing from the contact member to
the member to be charged

S (cm?): contact area of the member to be charged
and the contact member

R (2): resistance of the contact member when current
I (pA) is fed to an area corresponding to the
contact are S {cm?) of the contact member

4: current dependency of the resistance of the contact
member

1—B: area dependency of the resistance of the
contact member

s {cm2): area of a defective part of the member to be
charged

j(p-A)‘ current allowed to flow into an area of the

: underlayermpondmgtodxedefecﬁvepm

area s (cm?)

Rp (Q): resistance of the anderlayer when the current.

"~ jXS/s (pA) flows into an area of the underlayer

correspoanding to the contact area S (cm?)

1—a: area depeadency of the resistance of the under-
layer.

3. A contact charge supply device for controliing the

-charges, which are supplied to a member to be charged

by bringing a contact member applied with an external
voltage into coatact with the member to be charged,
characterized in that the following inequality holds

log (R)&log (VX 105/8)+(y—B) X log (5/3)

NI

o




the contact area S (cnferr]) of the underl ayer 1-a: area dependency of

the resistance of the under- | ayer. 11. A contact L—e-ha-r-ga—ng_dmu_c.a.ﬂt
charging or dis- charging a nenber to be charged by bri QREMAQEMEW@HEETIQ
menber applied with an external voltage into contact w{ Aber—i-g He
charged, characterized in that the followi ng inequality h)lg "y mgghg

(R>1log (VaX 10[err]/k)+([err])xlog (BS) Herrjx S{(k/“ﬁ rg
Va (V): voltage necessary for charging or discharg- | Frer-the—rerber-it g
be charged to a term ned surface potential Vs (V) I ([err]A):

current necessary ar or [ nenper to be--eharged
to a predeterm ned ?W 81‘;%5 lﬂﬂf%&ﬁaa @'{cf rr]) cont act

be charged

area of the menber

(p.A) current flowing from the contact member to

the member to be charged

S (cm?): contact area of the member to be charged

and the contact member

R (©2): resistance of the contact member when current
I (»A) is fed to an area corresponding to the

coutact area S (cm?2) of the contact member

«: current dependency of the resistance of the contact

member

1—8: area dependency of the resistance of the

comtact member

s (cm?): area of a defective part of the member to be

k (pA): current allowed to follow into a defective

part of the member to be charged.

4. The contact charge supply device of any one of
claim 1, 2 and 3, wherein said member to be charged
consists of a conductive layer, said vnderlayer and a

dielectric layer arranged in this order.

5. The comtact charge supply device of claim 4,
wherein said underlayer is formed of one of anodized

aluminum sad nylon resin.
6. The contact charge supply device of claim 1

or 2,

wherein said underlayer is formed of one of anodized

aluminum and nylon resin.

7. The contact charge supply device of claim 3, .

wherein said member to be charged consists of a

con-

ductive layer and a dielectric layer arrange din this

order.
8. The contact charge supply device of claim 1

, 2 0r

3, wherein said contact member is formed of one of a2
contact-type developing member, contact-type cleaning
member and a2 member for disordering a developer

remaining on said member to be charged.

9. A contact .charging device for charging or dis-
charging a member to be charged by bringing a charg-

ing member appiied with an cxtermal voltage
contact with the member to be charged, which at

into
least

inctudes an underlayer, characterized in that the follow-

ing inequality holds

log (R)=log £66 RpX(Va— Vi) Vit +(a—8)xlog
(S/s)}+yXlog (/D)

NI

Or



and the chargi ng nenber 79 R
resi stance of the chargi ng nenber when cur- rent | ([err]A) is

an area of the charging nmem ber corresponding to th r
(cmerr]) [err]: current dependency of the resistancgR @ @Eyﬁaﬁ'&g
I ng nmenber 1-[err]:

([err]):
fed to

area dependency of the resistanceloff the cha

I ng nmenber s (cnferr]): area of a defective part of the ménbelAl

char ged

e

where |Va|Z|Vif

Va (V): voltajie fecessis
ing the mesibet to bé charged to a predetermined
surface potential Vs (V)

I (jrA): current necessary for charging or discharging
the member to be charged to a predetermined sur-
face potential Vs (V)

S (cm?): contact area of the member to be charged
aid the charging member

R (02): resistance of the charging member when cur-
rent T (uA) is fed to an area corresponding to the
contact area S {cm?) of the charging member

v: current dependency of the resistance of the charg-
ing member

l—B area dependency of the mmanceof the charg-
ing member

s (cm2): area of 2 defective part of the member to be
charged

Vt (V): breakdown voltage of the underiayer

i (zA): current flowing into an area corresponding to
the contact area S (cm?) of the underlayer when a
voltage, slightly lower than the breakdown voltage
Vt (V), is applied to that area '

Rp (Q2): resistance of the under layer when the cur-

‘rent i (uA) flows into the an area corresponding to
the contact area S (cm?) of the underiayer when a
voltage, slightly lower than the breakdown voitage
Vt (V), is applied to that area

1—c: area dependency of the resistance of the under-
layer.

10. A contact charging device for charging or dis-
charging a member to be charged by bringing a charg-
ing member applied with an externmal voltage into
contact with the member to be charged, which at least
includes an underiayer, characterized in that the follow-

ing inequality holds

- a+dzVax10%j

where
log (a)=log (R)+(B—7}Xlog (S/5) —yXlog (i/D

log (B)=log (Rp)+aXxlog (5/5)

* [ L n S *

for charging or discharg- -



k ([err]A): current allowed to followinto a defective - part of the

nmenber to be charged. 12. The contact chargi ng device ag to claim
11, wherein the capacity P (W of a power source for suppliyREB W
t he charging nmenber is given by [err] 13. The corjt g [

device according to any of clainms 9, 10, 11, and 12, wher ¢i ghf resi st
R of the charging nember is given by <9 [err] 14. The[cént addl 1298
chargi ng device according to claim 13, wherein the voltag '

formed by superpos- i.n%han AC vol tage on a DC vol t age. f15. The cont act
char gi ng devi ce accoMi VEI TR BY¥wherein a layer is +-A..Lh

| ocation of the chargi Mp (¥)becitagecnecessary fior gharzingrdredischang i n
ing the member tb & dharged to a predetermined
surface potential Vs (V)

I(pA): current necessary for charging or discharging
the member to be charged to a predetermined sur-
facz potential Vs (V)
S (cm®): contact area of the member to be charged
and the charging member
R (£2): resistance of the charging member when cur-
reat I (pA) is fed to an area of the charging mem-
ber corresponding to the coutact area S (cm?)
v: current dependency of the resistance of the charg-
ing member
. 1—8: area dependency of the resistance of the charg-
ing member
s {cm?): area of a defective part of the member 10 be
charged
j (1A): current allowed to flow into an area carre-
sponding to the area s (cm?) of a defective part of
the member to be charged
Rp (2): resistance of the underlayer when the current
v JXS/s (2A) flows into an area corresponding to
the contact area S (cm?) of the underlayer
1—a: area dependency of the resistance of the under-
tayer.
11. A contact charging device for charging or dis-
charging a2 member to be charged by bringing a charg-
.ing member applied with an external voltage into
contact with the member to be charged, characterized
in that the following inequality holds

1S

log (R)Zlog (Vax 105/k)+(y—~B8) X log (5/5)
+yXlog (*/T}

where

Va (V): voltage necessary for charging or discharg-
ing the member to be charged to a predetermined
surface poteatial Vs (V) -

I (1A): current necessary for charging or discharging
the member to be charged to a predetermined sur-
face potential Vs (V)

S (cm?): contact arca of the member to be charged
and the charging member

NI




contact with the menber to be charged, the major com p Sﬁkm r
bei ng any of urethane rubber, ure- than resin, nylon regi g cﬁNfeSMnSETe e
resin. 16. The cont act chargl ng devi ce accor di ng to any jof crar

11 and 12, wherein the voltage applied is forned by supérpo@ihgjsmen 19@

vol tage on a DC voltage. 17. The contact charging devjceg_according t

claim 16, wherein a layer is forned i W2 he |ocation of {he chargrng e
where the charging nenber cones in contact with the ne 0_be charged

. the major com po n of. the | 5 iel.pg. an ur et hane rubber, T
t han I‘JESI n, nyl 8n @n ‘ﬁ lCI Bir FXF’“{’eﬁ E%ont act charg| ng
devi ce according to f&ﬁif 8d 19 an grea of she chargingememr o | ayer s
formed in the |ocatitmr mﬂdwﬁmggor&cmtmsmchargl ng menber
cones in contact Wi Enirhat defeiiedcy fthe resistance of the charg-
ing member '
1-—8: area dependency of the resistance of the charg-
g member _
3 (cm?): area of a defective part of the ifiérober to be
charged
k (pA): curreat allowed to follow into a defective
part of the member to be charged.
12. The contact charging device sccording to claim
11, wherein the capacity P (W} of 2 power source for
supplying voltage to the charging member is given by

| PR Vax(+%)x 108,

13. The contact charging device according to any of
claims 9, 10, 11, and 12, wherein the resistance R of the
charging member is given by

3XI0S=R.

14. The contact charging device according to claim
13, wherein the voltage applied is formed by superpos-
ing an AC voitage on a DC voltage.

15. The contact charging device according to claim
13 wherein a layer is formed in the Iocation of the
charging member where the chaxging member comes in

contact with the member to be charged, the major com-
position of the layer being any of urethane rubber, ure-

than resin, nylon resin and polyethylene resin.

16. The contact charging device according to any of
claims 9, 10, 11 and 12, wherein the voltage applied is
formed by superposing an AC voltage on a DC voltage.

17. The contact charging device according to claim
16, wherein a layer is formed in the location of the
charging member where the charging member comes in
contact with the member to be charged, the major com-
position of the layer being any of urethane rubber, ure-
than resin, aylon resin and polyethylene resin.

18. The contact charging device according to any of
claims 9, 10, 11 and 12, wherein a layer is formed in the
location of the charging member where the charging
member comes in countact with the member to be

R YRR A




80 char ged,

rubber, urethan resin,

the maj or conposition of the |ayer being an

[ l.ilallu
nyl on resin and poly- ethylene resinREPtAQaMfNé'SHEET

contact charge device of claim1ll, wherein said nmenber to{b¢ char
consists of a conductive |ayer and a dielectric layer arr

or der. 20. A contact charging device for charging or di
menber to be charged by bringing a cha®§- ing nenber appl
external voltage into contact with the nenber to be char

nged 3 nigmiamg
-{charging a

ed wwth a
whi ch at | east

i ncl udes an i nternedi ate | a%er, characterized in thaiayt he f.ol | ow

I nequal ity hol ds

the major composition of the layer bemg any
of urethane rubber, urethan resin, nylon resin and poly-
ethylene resin.

19. The contact charge device of claim 11, wherem
said member to be charged consists of a conductive
layer and a dielectric layer arranged in this order.

20. A contact charging device for charging or dis-
charging a member to be charged by bringing a charg-
ing member applied with an extermal voltage intc
contact with the member to be charged, which at least
includes an intermediate layer, characterized in that the
following inequality holds

| Vb| 2| Va|-R66/{Raa+ R¥0)

where
Va (V): voltage necessary for charging or discharg-
ing the member to be charged to a predetermined
surface potential Vs (V)

Vb: breakdown voltage of the intermediate layer of

the member to be charged

Raa (Q): resistance of a minute area of the charging

member '

Rbb (Q): resistance of 2 minute area of the intermedi-

ate layer.

21. The contact charge device of claim 9, 10, 11 or 20,
wherein said member to be charged consists of a con-
ductive layer, said underiayer and a dielectric layer
arranged in this order. s

22. The comtact charge device of claim 21, wherein
said underlayer is formed of onc of anodized aluminum
and nylon resin.

23. The contact charge device of claim 9, 10, or 20,
wherein said underlay is formed of one of anodized
alominom and nylon resin.

24. A contact transfer device for transferring devel-
oper onto a transferred-image recording media from a
member to be charged when the transferred-image re-
cording media passes through a space between & trans-
fer member applied with an external voltage and the
member to be charged, which at least includes an under-
rglﬂ‘. characterized in that the following inequality

ds

B

ng



wher e Va (V): voltage necessary for charging or discharg- I ng the
menber to be charged to a predetermn ned surface potentigl_ Vs (V) Vb:

breakdown voltage of the internediate | ayer of the ne RERP Wé% ]

Raa ([err]): resistance of a mnute area of the charging
([err]): resistance of a mnute area of the internedi- e | ayer.
a&:ﬁ@.&ﬁdﬂgﬂo

The contact charge device of claim9, 8@, 11 or 20, wherei

be charged consists of a con- ductive |ayer, said underl aygr

dielectric layer arranged in this order. 22. The cont act charge deV| ce 0
claim 21, wherein said undigitB\Ziee (Rex ¥t/ b8 +éme Spklognodi aluni num and
nyl on resin. 23. The cont &¥hdegé/Rlevi ce of claim9, 10, or 20 wherein
said underlay is formed of one of anodized

where |Va|Z |Vt

Va (V): voltage applied 1o the transfer member

I (BA): current flowing from the transfer member to
the member to be charged when the voltage Va
(V) is applied to the transfer member in a state that
the transferred-image recording media is absent
between the transfer member and the member to be
charged

S (cm?): contact area of the member to be charged

and the transfer member in a state that the trans-
ferred-image recording media is absent between
the transfer member and the member to be charged

R (Q): resistance of the transfer member when cur-

rent I (1 A) is fed to an area of the transfer member
corresponding to the contact area S (cm?)

7: current dependency of the resistance of the trans-

fer member

1—f: area dependency of the resistance of the trans-

fer member

s {cm?): area of a defective part of the member to be

charged

Vit (V): breakdown voitage of an underiayer

i (pA): current flowing into an area of the underlayer

corresponding to the area S (cm?)

Rp (2): resistance of the area of the underlayer corre-

sponding to the area S (cm?)

1 —a: area dependency of the resistance of the under-

layer. .

25. A contact transfer device for transferring devel-
oper onto a transferred-image recording media from a
mmbertobechargedwhentheuansfmed-imagcre-?
cording media passes through a space between a trans-
fer member applied with an external voltage and the
member to be charged, which at least includes an under-
lm characterized in that the following inequality

a+b= Vax 108/

where

(70)

T




al um num and nyl on resin. 24. A contact transfer device for transferring

devel - oper onto a transferred-inmage recordi ng nedi a

charged when the transferred-i mage re- cordi ng nmedi a jp&SBRACEMENGURHERT

between a trans- fer nenber applied with an external }v

that the follow ng inequality hol ds 82

i
r]

to be charged, which at |east includes an under- |ayeqr, quriﬁwg?g%:

where

log (a)=log (R)+{(B—7)Xlog (5/9) —yxlog (/D
log (5)>log (Rp}+aXlog (5/3)

in the above ineqnality,
Va (V): voltage applied to the transfer member
I (pA): current flowing from the transfer member to
the member to be charged when the voltage Va
(V) is applied to the transfer member in 2 state that
the transferred-image recording media is absent
between the transfer member and the member to be
charged
.S {(cm?): contact area of the member ta be charged
** and the transfer member in 2 state that the trans-
ferred-image recording media is absent between
the transfer member and the member to be charged
R (Q): resistance of the transfer member when cur-
rent I (uA) is fed to an area of the transfer member
corresponding to the contact area S (cm?)
7: current dependency of the resistance of the trans-

fer member
1—8: area dependency of the resistance of the trans-
fer member

s (cm?): area of a defective part of the charged mem-.
ber

j (pA): cuxrent allowed to flow into an area of the

underlayer corresponding to the defective part
. avea s {cm?2)

Rp (©2): resistance of the underlayer when the current
§XS/s (uA) flows into an area of the underlayer
corresponding to the contact area S (cm?)

1—a: area dependency of the resistance of the under-
layer.

26. A’ contact transfer device for transferring devel-
oper onto a transferred-image recording media from a
member to be charged when the transferred-image re-
cording media passes through a space between a trans-
fer member applied with an external voltage and the

- member to be charged, characterized in that the follow-
‘ing inequality holds

M AR

e
pace
nber
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where |Va| > | Vt| Va (V): voltage applied to the transfer nenber I

([err]A): current flowng fromthe transfer nenber to the nmenber to be
charged when the vol tage Va (V) is applied to the trangkgr [
state that the transferred-image recording nedia is b@@ﬁﬁcgﬁmiémn
the transfer nenber and the nenber to be char ged S{(gnferr])CcoO cl
area of the nmenber to be charged add the transfer nepber2ih Fi¥1398e
that the trans- - ferred-imge recording nedia is absept {bet ween tfhe
transfer nenber and the nenber to be charged R ([err]){ resistance of the
transfer member when cur'os (R)Zing(iax 10f/(-49)Xi6g {579 t O area of the
transfer nmenber correspotey o the contact area S (cnferr]) [errT:
current dependency of the resistance of the trans- fer menber

l-[err]: area dependgﬂge of the resistance of the trans- fer menber

Va (V): voitage applied to the transfer member

I (pA): current flowing from the téanéfer member to
thememberwbechargedwhcnthevoltageVa
(V)fsappﬁedtothctmnsfermmbcrinastaterhat
the transferred-image recording media is absent
betweenthetmnsfermmberandthcmembettobe
charged

_S_(anz):conwareaofthemembertobechargad
" and the transfer member in a state that the trans-

ferred-image récording media is absent between
theuansfcrmembcrandthemembertohecharged

R (Q): resistance of the transfer member when cur-

rent I(uA)is fed toanareaofthctmnsfc:membgr
corresponding to the contact area S (cm?)

7: current dependency of the resistance of the trans-

fer member

{—8: area dependency of the resistance of the trans-

fer member

s (cm?): area of a defective part of the member to be

charged

k (A): current allowed to flow into a defective part

of the member to be charged.

- 27. The contact transfer device of claim 24, 25 or 26,
wherein said member to be charged consists of 2 con-
ductive layer, said underlayer and a dielectric layer
arranged in this order.

28. The contact transfer device of claim 24, 25 or 27,
wherein said underiayer is formed of one of anodized
aluminum layer and nylon resin layer. .

29. The contact transfer device of claim 26, wherein
said member to be charged consists of 2 conductive
layer and a dielectric layer arranged in this order.

30. The contact transfer device of claim 24, 25 or 26,
wherein said applied voltage Va is a voltage for trans-
ferring a developing agent to a recording medium.

31. The contact transfer device of claim 24, 25 or 26,
wherein said applied voltage Va is a voltage for clean-

ing the transfer member. e : -
ML



s (cnferr]): area of a defective part of the nenber to be char ged Vt
(V). breakdown voltage of an underl ayer i ([err]A): current flowing into
an area of the underl ayer corresponding to the area S (cnferr]) Rp

([err]): resistance of the area of the underlayer corre- spondi ng to

the area S (cnferr]) 1-a: area dependency of the resi?i ance—of—the—uhrger -
| ayer. 25. A contact transfer device Lof tranferring EB&&GEMEﬂHeSHﬁTt a
transferred-i mage recording nedia froma nenber to be jc P
transferred-image.re- cording nedia passes through a gp3ce eg%ﬂqg # {rans-
fer nmenber applied with an external voltage and the ng e ar ged,

whi ch at | east includes an under- |ayer, characterized in that the

following inequality- [err]
- FIG. 1
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82 where

log (a)=log (R +([err])Xlog (S/s)

-[err]Xlog (f/1)

(V)

|l og (b)>log (Rp)+aXlog (S/s) in the above inequality, Va (V): voltage
applied to the transfer nenber | ([err]A): current flowing fromthe
transfer nmenber to t he nenber to be charged when t —
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the transferred-image recording nedia is absent bet ween the transfer
menber and the nenber to be char ged S (cnferr]): contact area of the
menber to be charged and the transfer nmenber in a state that the trans-
ferred-image recording nmedia is absent between t he transfer nmenber and
t he nenber to be charged R ([err]): resistance of the transfer nenber
when cur - rent I ([err]A) is fed to an area off-the—tramster-mEmper
correspondi ng to the contact area S (ch#r7]) [ ér REPLAGEMENR:SHE ehdency
of the resistance of the trans- fer menber lr—=TerrT]—area
dependency of the resistance e ans- fer |menpegan 1634 cpiprr]):
area of a defective part of tHe arged nem bgr ] %?err]A): current
allowed to flowinto an area of the under | ayér corresponding t¢ the
defective patog(n)}f area s (cnferr]) Rp ([err]): resistance of th¢
under | ayer when tHhe current
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] XS/'s ([err]A) flows into an area of the underl ayer corresponding to
the contact area S (cnferr]) 1 -[err]: area dependency of the

resi stance of the under- "~ layer. 26. A contact transfer device for
transferring devel - oper onto a transferred-inage regg’gd '

menber to be charged when the transferred-image re rld
t hrough a space between a trans- fer nmenber applie it
vol tage and the nmenber to be charged, chér acteri ze

i nequal ity hol ds F/G 7
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[err] wher e Va (V): voltage applied to the transfer nenber I

([err]A): current flowng fromthe transfer nenber to the nmenber to be
charged when the vol tage Va (V) is applied to the transfer menber in a
state that the transferred-i mage recordi ng nmedi
bet ween the transfer nenber and the nenber to be

(cmerr]): contact area of the nenber to_be chargedj ahd*the—4 , .
menber in a state that the trans- férﬁéﬂ-inage recor dign ﬂﬁ?%&% |s absent
bet ween the transfer nenber and t he nenber to be c1arged ([ferfr]):

resi stance of the transfer en cur- rent ed to an
area of the transfer nenbe cor sponding to theg _contact area S |

(cnferr])
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[err]:

current dependency of the resistance of the trans-

fer

nmenber

1-[err]: area dependency of t tance of the trans- fer menber S
(cmerr]): area of a defecti per to_be char ged Kk
([err]A): current allowed to OM/REMQKmudefe ive TEIer to
be charged. 27. The contact transter & of cl aﬁ? Wﬁmgm ,
wherein said nenber to be charged cons+sss-of a con- ctive layer, |sgid
under | ayer and a dielectric layer arranged in this r23 i2B. ;J}‘Ele cont act
transfer device of ctlaim24, 25 or 27, wherein said u layer is forigred of
one of anodi zed al um num | ayer and nylon resin | ayedq. 29. The cont a¢t

transfer device of claim?26, wherein said menber to

charged consi sts of

a conductive layer and a dielectric |ayer arranged in this order.
contact transfer device of claim?24, 25 or 26, wherein said applied voltage

Vais a voltage for trans-
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ferring a devel oping agent to a recordi ng nmedi um 31. The contact
transfer device of claim?24, 25 or. 26 wherein said applied voltage Va is a

voltage for clean- ing the transfe
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_J_nga&na#«voffﬁﬁE’Tﬁfo contact with the menber to be charged, which at |east
"7 includes an underlayer, and holds the follow ng inequality [err] wher e
| Va| > | Vt], Va (V): voltage applied to a contact_nenber in cant act
with the nmenber to be charged; | ([err]A): cur
contact nenber to the menber to be charged, S
of the menber to be charged and thg eontact ne
resi stance of the contact nenber when cur- T rent
area corresponding to the contact area S (cnfe
menber; [err]: | current 3ﬁ endency of the resisfance of the contact

n

menber, 1-[err]: area y of the resistance
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of the contact nenber, s (cnferr]): area of a defectlve part of the
menber to be charged; Vt (V): break- T age_of the underl ayer;

([err]A): current flowwng into a ) %Béﬁﬂ=rlaye €eof~espand-

ing to the contact area S (cnferr]) wier age sli fﬂ‘?LA@EmENﬁlgﬂl&ET
resi stance of the under | ayer when the=c&rent i ([err]

area of the underl ayer corresponding to the contact arga

applied to that ‘area; 1-a: area dependency of the resigtance of t he
underl ayer. Figure. 14 Figure. 15
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