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In a conventional image forming apparatus, a photoreceptor
drum having a photoconductive property is uniformly charged and
selectively exposed so that a latent electrostatic image is
5 formed on the photoreceptor. The latent electrostatic image is
developed with toner particles to form a toner image on the
photoreceptor. After the toner image is electrostatically
transferred from the photoreceptor to a recording medium such
as paper. The record medium bearing the toner image is'passed
10 through a2 fusing/fixing unit including a pressure roller and a
heater roller so that the toner image is fixed on the media.
In another conventional image forming apparatus, without
the exposure process, a latent electrostatic image is directly
formed on a dielectric drum by an ion-current control head
15 known as a latent electrostatic.image recording head. The
latent electrostatic image formed on the dielectric drum is
developed to form a toner image on the dielectric drum. The
toner image is transferred and fixed to a record medium using
a pressure roller. (See, for example, "Imaging," part 2, p.
20 209, edited by Electrophotography Academy).
The image forming apparatus using the photoreceptor drum
requires a prescribed length of an optical path from the
exposing stage to the drum surface of the photoreceptor. Since

the transfer stage and the fixing stage are separately mounted,
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t oner part icles to forma Aener i rr&ge,_aa¢\photorecep Aodr. Subsequently
the toner ‘image is electrodtatically transferred Tromrt he *phot oreceptor to
a recordl ng me- dium such as paper. ﬂheshegﬁgsr}g d| um bearing the toner

i mage ts passed through a fusing/fixi di ng a pressure roller
and a heater roller so that the_tonermgm ﬁd on the nedia. In
an%t her conventional inage formng ap
the transfer unit and the fixing unit must be separately
installed. Because of the possibility of degrading the
performance of the photoreceptor drum due to heat, it is
difficult to install the photoreceptor in close proximity to
5 the fixing unit. For the above two reasons, reduction of the
overall size of the image forming apparatus is difficult.
Further, 100% transfer efficiency is impossible. Owing to
this, toner is inevitably left on the photoreceptor. For
removing the residual toner, a cleaner must be provided. For
10 receiving the toner removed by the cleaner, a waste toner
receptacle must be provided.

In an image forming apparatus using an ion-current control
head, recording electrodes with holes for forming dots as
picture elements (pixels) are arrayed in a zig-zag fashion.

15 The dielectric drum, however, has a certain curvature. These
two facts make it difficult to obtain uniform sizes and shapes
of all the dots. Additionally, use of the pressure fixing

process causes unnatural luster on the record medium.

20 The present invention has been made in view of the above
circumstances and drawbacks. It provides an image .
forming apparatus which is capable of forming dots all having
the same size and shape, and of concurrently performing the
transfer and fixing processes without entailing the residual

25 toner after the transfer and the unnatural luster, and does not
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wi thout the exposure précCess, a |latent electrostatic ir@ge Is directly
formed on a dielectric dfumby an ion-current control héad known as a

| atent gé@eiroStRéi sphEBIEJrecsEclimniqderte Jhestailed beagthosfatihi® i mage
forimed on"the dielectric drumis devel oped to forma toner inmage on the

di el ectpeichiLpatihe thenerldamygs, andt thesvastedtenrF 9QRPTAFE r &7 d
medi um using a pres- sure roller. (See, for exanple, "Inmaging," part 2, p.
209, consequently is small in size.

The invention overcomes the above mentioned disadvantages of
the prior art by the image forming apparatuses according to
independent claims 1 and 2. Dependent claims 3 to 21 specify
preferred embodiments of the apparatuses according to claims 1
and 2. Further advantageous features of the invention are
evident from the description and the drawings. The claims are
to be understood as a first non-limiting approcach to define
the invention in general terms.

According to a first aspect, the invention provides

5 an image forming apoaratus comprising: a thin endless film on
which is formed a latent electrostatic image, the endless film
having heat-resistance and dielectric properties; a transfer
mechanism for transferring the endless film; a latent
electrostatic image recording head, disposed outside the

10 endless film, for recording a latent electrostatic image on the
endless film; a developing unit, disposed outside the endless
film, for developing the latent electrostatic image on the
endless film by placing toner particles iﬁ close proximity to
or bringing the toner particles into contact with the endless

15 film; a back electrode and a heater disposed inside the endless
film; a pressure roller opposed to the heater with respect to
the endless film; and a discharge unit, disposed outside the

endless film, for discharging the latent electrostatic image.
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edlted by Electrophotogfaphy Acadeny) The i mage forn1ng»apparatus usi ng
t he phot orecep- tor drumrequires g Qﬁ&iﬁfmﬁemwhéﬁgth of an optical path

fromthe exposing stage to the dru e pho- toreceptor. Since
the® transfer stage and the fixing s:nw ately nount ed, the

transfer un|t and the fixing unit parately instal |l ed. Because of °
the posgi cor 1n3’tf de%radlgg t he erf rn&nce of thelphotorece

econ aspe e invention Wdds ah” image
forming apparatus
comprising: a thin endless film for Dbearing a latent
electrostatic image, the endless film being formed by
depositing a thin heat-resistant dielectric layer on the
surface of a thin, conductive endless film; a transfer
mechanism for transferring the endless film; a latent

electrostatic image recording head, disposed outside the

endless film, for recording a latent electrostatic image on the

endless film; a developing unit, disposed outside the endless
film, for developing the latent electrostatic image on the
endless film by placing toner particles in close proximity to
or bringing the toner particles into contact with the endless
film; a back electrode and a heater disposed inside the endless
film; a pressure roller opposed to the heater with respect to
the endless film; and a discharge unit, disposed outside the

endless film, for discharging the latent electrostatic image.

As is obvious, according to the second aspect the endless film
can be formed by depositing a thin heat-resistant dielectric
layer on the surface of a thin conductive endless film, in

which the back electrode according to the first aspect of the
invention can be omitted.
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tor drumdue to heat, |t"‘hs difficult to install the ph/}o eeptor—i-n

close pfoximty to the fFX|ng unit. For the above two reasons, reduction of
the overall size of the image form ng apparatus is dlffuuﬂThﬂﬁmnﬁﬂmmm
transfer efficiency is i npossible. Onng to this, toner is i

prgvided. For receiv- ing the toner renoved by the cl éaner, Elwasmumlug"

on the photoreceptor. For renoving the residual toner, a cle

Fig. 1 is a longitudinal sectional view showing the
construction of a printer constructed in accordance with a
first embodiment of the invention;

Fig. 2 is a partially broken perspective view of an ion-
current control head . used in the printer of Fig. 1;

Fig. 3 is a longitudinal sectional view showing a second
embodiment of the invention;

Fig. 4 is a longitudinal sectional view showing a third
embodiment of the present invention;

Fig. 5 is a plane view of a multistylus-head used in a
fourth embodiment of the present invention;

Fig. 6 is a longitudinal sectional view showing an endless
film, on which is formed a latent elecérostatic image, used in

the fourth embodiment of the present invention; and
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Fig. 7 4is a longitudinal sectional view showing the
construction of a printer constructed in accordance with a

fourth embodiment of the invention.

Preferred embodiments of the present invention will now be
described in detail.

Fig. 1 is a 1longitudinal sectional view showing the
construction of a printer constructed in accordance with a
first embodiment of the present invention.

An endless thin film 1, which has an dielectric property
and bears a latent electrostatic image thereon, is supported by
a transfer mechanism 2 including a drive roller 21 coupled with
a drive source (not shown) and a tension roller 22, and is
turned in the direction of an arrow "a". A back electrode 3
and a heater 4 are disposed within the loop of the endless film
1. Outside the loop of the endless film 1 are disposed an ion-
current control head 5, a developing unit 6, a pressufe roller
7, and a charge removal unit 8. The ion-current control head
5, which performs the function of an electrostatic recording
head, is located in o?position to the back electrode 3. The
developing unit 6 is located in opposition to the tension
roller 22. The pressure roller 7 is opposed to the heater 4.
The charge removal unit 8 is opposed to the drive roller 21.
The ion-current control head 5 applies ion beams selectively to

the endless film 1 so that a latent electrostatic image 1is

THIS SHEET HAS BEEN
REPLACED




—————
————

unnatural |uster on t herecord medi um -2- SUMVARY @‘L%ﬁ I NVENTI O\I The

present’ i nventi on has béén made in view of the above cifc iﬁ?,

an-ypbj ect the provision of

formed on the endless film. The latent image is rendered
visible with toner particles by the developing unit 6. The
toner image formed is heated and fused by the heater 4 through
the endless film 1. At the same time, the toner image is

5 transferred to a recording medium, such as paper, and the
transferred toner image is pressed against the medium to be
permanently fixed thereon. After the fixing process, the
discharge unit 8 removes the charge left on the surface of the
endless film 1.

10 The latent-image bearing f£ilm 1 is an endless film composed
of two layers, a base layer and a surface layer. The base
layer is a polyamide film 20 um thick, which has properties of
a high resiliency and small variation of its geometry under
high temperatures. Such properties are required in order to

15 obtain a stable transfer film. The surface layer is made of
silicon resin or fluorine plastic, which exhibits excellent
mold release characteristics when the toner is fused. The
surface layer is coated with the material to form the surface
layer having a thickness of 10 um thereover. The endless film

20 1, consisting of the base and surface layers, is capable of
retaining ions thereon that are irradiated by the ion-current
control head. The portion of the endless film 1 exposed to the
ion-current can hold a surface potential of several tens to
several hundred volts, which is high enough to develop the

25 latent image in the next stage with respect to the potential of

the back electrode 3.
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an- i mage form ng appara@ whi ch is capabl e of —Fo‘r‘rﬁ“”n‘g“%fraH havi ng t he
sane size and shape, and of concur- rently Bﬁglg% ) the trasfer and

fixing processes wthout entailing the resi- . ee lagedt he transfer
and the unnatural luster, and does not requir M& ﬂﬂ'%bmfw securing the
prescribed I ength of the optical path, the cl e waste toner
receptacle, and conse- quently is small in size.

Fig. 2 is a partially broken perspective view of the ion-
current control head 5. The ion-current control head 5
includes an ion generator 51 and an ion-current control plate
52 for controlling ion deposition on the endless film 1. The

5 ion-current control plate 52 is constructed such that
electrodes 54 and 55 are mounted on both sides of an insulating
board 53, and holes 56, formed in the insulating board, are
arrayed in zig-zag fashion. The number of holes 56 is equal to
the number of recording déts. The ion-current control plate 52

10 is arranged parallel to the endless film 1, with the gap
therebetween being in the range of 0.3 to 1.5 mm. In other
words, the endless film 1, disposed directly under the ion-
current control plate 52, is not curved with respect to the
plate. Therefore, the projected images of the fluxes of ions

15 projected through the holes 56 are all the same, irrespective
of the locations of the holes.

A latent electrostatic image recorded on the endless film
by the ion-current control head 5 is developed by the
developing unit 6. The tension roller 22, which is opposed to

20 the developing unit 6 with respect to the endless film 1 and
which has a surface made of conductive material, for example,
metal, performs two functions, one to transfer the endless film
1 and the other to provide a back electrode for the developing
process. The back electrode 3, opposed to the ion-current

25 control head 5, is connected to the tension roller 22, and the

two electrodes are held at the same.potential. The developing
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To achi gve the above obf:ect, The frrst—nventien pro- ﬂes an i mage

form ng apparatus conpri sing: thin endless filmon which is formed a

| at.ent el ectrostatic inage, t .=~*.w ﬂmRhmthV|ng heat - resi stance and di -
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film a latent el ectrostatic i nigkidl K gbead di sposed outside the

$nQIess film for record- ing a Iatent e ec rostatic i mage on the endl ess
ilm a

unit 6 contains toner 61 in the form of a resin powder

containing coloring agent. A fixed amount of tomer 61 is

magnetically or electrostatically attracted to a sleeve 62 of
the developing unit. The sleeve 62 bearing the toner 61 turns

5 to bring the toner in close pfoximity to or in contact with the
endless film 1. An electric field is developed between the
endless film 1 and the sleeve 62, to which a preset voltage is
applied. Under the electric field, the toner sticks onto the
endless film 1, thereby to form a toner image 63.

10 The toner image 63 is heated and fused by the heater 4
through the endless film 1, while at the same time pressed
against a record media 9 by the pressure roller 7. The media
9, together with the endless film, is transferred by the
pressure roller 7. The fused toner image gets tangled with

15 fibers of the record media 9 and is forced into the spaces
among the fibers, generating an adhesive force between the
media 9 and the toner image 63.

The surface layer of the endless film 1 is formed of
silicon resin or fluorine plastic which, as described above,

20 has excellent mold release characteristics. Accordingly, the
adhesive force between the heated area of the endless film 1
and the fused toner image 63, as considered from the viewpoint
of interfacial chemistry, is smaller than the cohesive force of
the toner and the adhesive force between the media 9 and the

25 toner image 63. The fused toner image 63 is completely

transferred from the endless film 1 to the media 9. When the
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devel oping unit, disposé®outside the endless film for~tevetoping the
| at ent electrostatlc i mige on the endless filmby placin toner parsl | es
in-close proximty to, or bringing the toner particl edhi 4, BgP h,
the'end less film a back el ectrode and a heater dISpOS |
endless film a pressure roller opposed to the heater | t he
endl ess film and a discharge unit, disposed outside the endless film for
di scharging the

toner image 63 on the media 9, which is entangled with the

fibers of the media and pushed into the spaces among the
fibers, leaves the region where it is thermally influencéd by
the heat from the heater 4 and the toner temperature drops, the
5 toner image 63 is hardened and fixed to the medium 3. 1In this
way, the toner image 63 is transferred to and fused to the
medium 9 all at once.
Generally, conventionally used photoreceptive materials
used as a latent electrostatic an image bearing member can be
10 degraded by heat. It is for this reason that the heating
device, such as a fusing unit, had to be installed spaced away
from the photoreceptor. However, with the present invention
using the dielectric film 1, which has a high heat resistance,
rather than a plain photoreceptive material, as the latent
15 electrostatic image bearing member, allows the latent
electrostatic image bearing member to be directly heated. This
realizes a one-stage transferring/fixing operation.
The media 9 is transferred while being nipped between the
pressure roller 7 and the endless film 1. There is no need for
20 using a rotating heated roller containing a bar-like halogen
lamp for the heater 4.
In this embodiment, the toner image 63 is heated and fused
in such a manner that a ceramic heater 42 supported by a
thermal insulating resin 41 is brought into contact with the
25 endless film 1. The heat capacity of the heater using the

ceramic heater 42 is smaller than that of a heater using the
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Iatent el ectrostatic |nﬁ§h The-+-nventi-en—ak-se—provi desian i mge form ng
appa- ratus conprising: & thin endless filmfor beari ng “a | at ent

el ectrostatic image, the endlesgmiﬂkﬂﬂbﬂkagm$ﬁﬁaed by depositing a thin
of a thin, conductive

heat-resi stant dielectric |ayer
endless film a transfer mechani rrlng t he endless film a
| atent el ectrostatic inage recor |ng posed outside the

heated roller. Accordingly, the former is superior to the

latter in that the warm-up time required to increase

temperature of the heater 4 a preset temperature is short, and

the power consumption of the image forming apparatus 1is
5 reduced.

Conductive toner provides easy development, but presents a
difficulty with respect to its electrostatic transfer to plain
paper. For this reason, use of only special paper, e.g., high
resistance paper, has conventionally been permitted for the

10 recording medium. In other words, plain paper cannot be used.
However, it is noted that in this embodiment, since no
electrostatic-force is used for the image transfer, plain paper
can be used, even if a conductive toner is used.

In this embodiment, since no toner is left on the endless

15 film 1, neither a cleaning blade for wasting the residual toner
from the endless film nor a receptacle for receiving waste
toner is required.

In the fixing process using only pressure and not heat, a
strong linear pressure load must be applied to the medium, as

20 a result of which the medium bearing the image thus fixed has
an unnatural luster. It is noted though that in this
embodiment, the transfer and fixing processes of the toner
image concurrently progress while the toner image is heated and

fused. Therefore, the medium has no unnatural luster.

25 The discharge unit 8 is a conductive rubber roller 81
disposed in opposition to the drive-roller 21. The surface of
- 10 -
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the drive roller 21 is made of conductive materlal, similar to
the tension roller 22, and is connected to the back electrode
3, while being held at the same potential. An AC voltage of
300 to 1000 V in amplitude and 400 to 2000 Hz in frequency
superposed on a DC voltage of 50 to 400 V is applied to the
conductive rubber roller 81, with the surface potential of the
tension roller 22 as a reference potential. With the
application of such voltage, the surface potential of the
endless film 1 bearing the latent electrostatic image 1is
initialized. A conductive rubber roller covered with an
insulating layer may be used for the discharge unit.

Fig. 3 is a longitudinal sectional view showing a second
embodiment of the present invention.

A conductive rubber belt 31, which serves also as a back
electrode, is wound around the drive roller 21 and the tension
roller 22. The endless film 1 bearing the latent electrostatic
image is applied to the rubber belt wound around the rollers.
In the first embodiment, the tension roller 22 is disposed at
a location opposed to the developing unit 6, and the drive
roller 21 is disposed at a location opposed to the discharge
unit 8.

In the second embodiment, however, the drive roller 21 is
installed at the location where the tension roller 22 is
installed in the first embodiment, and vice versa. The rubber
belt 31 also serving as the back electrode is driven in the

direction of an arrow "b" by the drive roller 21. The rubber

v et g v e e
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and -a di scharge unit, dwgﬁosed outsiaé“rﬁé‘endfess—Lleﬁ}for di schar gi ng
the latent electrostatic inmage. BRI EF DESCRI PTI ON OF THE DRAW NGS - 3-

FIG:, 1 is a longitudinal sectional Fﬁ}iﬂmﬁ”ﬁﬁﬁrd

belt 31 is tensibhed in the region facing the ion-current
control head 5. The endless film 1 is transferred between the
rollers 21 and 22 while being in a close contact with the
rubber belt 31, thereby stably maintaining a fixed gap between

5 the ion-current control plate 52 of the head 5 and the endless
film 1.

The conductive rubber belt 31 has two functions, one to
transfer the endless film 1 and the other to act as the back
electrode in the stages of forming the latent image,

10 development, and discharge. Accordingly, there is no need for
using a conductive material for the surfaces of the drive
roller 21 and the tension rollexr 22.

The remaining construction and operation of the second

embodiment are substantially the same as those of the first
15 embodiment, and hence no further description thereof will be
given here.

Fig. 4 is a longitudinal sectional view showing a third
embodiment of the invention.

The endless film 1 bearing the latent electrostatic image

20 used in this embodiment is constructed such that an endless
film, which has a thickness of 30 pm and is formed of
copper or nickel through an electroprinting process, is coated
with silicon resin or fluorine plastic to form a resin layer
having a thickness of 20 pm. The latent electrostatic image

25 can be formed without the additional back electrode. The

surfaces of the drive roller 21 and the tension roller 22,

- 12 -
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construction of a pri nt@construct ed in accordance w t‘rl? a first enbodi nent

of the invention; FIG 2 is a rég eﬂ{e %deerspectlve view of an
i ons.current control head 5 use of FIG1, FIG 3is a

| ongi t udi nal sectional view sho ﬁ errbodl ment of the invention;
FIG 4 is a |ongitudinal sectio ng a third enbodi rent of the
present invention;

which are respectively disposed opposed to the discharge unit

and the developing unit, are not necessarily made of conductive

material. The remaining construction and operation of the

present embodiment are substantially the same as those of the

5 first embodiment, and hence a further detailed description will
be omitted.

Figs. 5-7 shows a fourth embodiment of the present

invention. Fig. 5 shows a plane view of a multistylus-head 100

used in the fourth embodiment. In the multistylus-head 100,

10 main electrodes 71 and auxiliary electrodes 72 are embedded in

the structural material 73 having a dielectric character, in

such a manner that the main electrodes 71 is aligned at a

predetermined interval on a single line and the auxiliary

electrodes 72 are arranged at a predetermined interval on two

15 lines. The auxiliary electrodes 72 are disposed on the both

sides of the main electrodes 71 in parallel at a predetermined

interval. Each end surfaces of the main electrodes 71, the

auxiliary electrodes 72 and the structural material 73 belongs

in the same plane. Fig. 6 shows a cross-sectional view of an

20 endless film 1, on which is formed a latent electrostatic

image, used in the fourth embodiment of the present invention.

The endless film 1 comprises a dielectric layer 75, an electro-

conductive layer 76 and a base layer 77. One side surface of

the base layer 77 is bonded to one side surface of the electro-

25 conductive layer 76 having a lower resistance character

(surface resistance 10° - 10°Q), and the other side surface of
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FIG: 5 i.s a plane V|eM/dr\a mul t++-st-ytus--head—used-in a fBurth enbodi nent of
the present invention; FIG 6 is a |ongitudinal sectional vi ew showi ng an
endless film on whi ch is for nednﬁsh@tm!seeﬂkzeﬁgcg@st atic image, used in the
fourth enbodi nent of the present FIG 7 is a longitudinal
sectional view show ng the constr, zu"m"”'ﬂml nter constructed in

accor dance

the electro-conductive layer 76 is bonded to one side surface
of the dielectric 1layer 75. Particulates 74 having a
dielectric character are adhered to the other side surface of
the dielectric layer 75. In Fig. 7, the endless film 1 bearing
5 the latent electrostatic image is mounted in such a manner that

the base layer 77 is directed to an inner side, that is, the
base layer is brought in contact with the drive roller 21,
tension roller 22 and the heater 4. In addition, the
multistylus-head 100 is disposed so as to direct the sectional

10 surface shown in Fig. 5 downward, and the multistylus-head 100
is confronted with a surface of the dielectric layer 75 of the
endless film 1 so as to bring the head 100 into confact with
the surface of the layer 75. The remaining construction and
operation of the present embodiment are substantially the same

15 as those of the first embodiment, and hence a further detailed
description will be omitted.

An electrostatic latent image is formed by utilizing a
well-known technique, for example, described in "the Voltage
Coincident Method, Matrix AND, and so on" (Head Copy

20 Technology, edited by Japan Industrial Technologie Center,
1981). A development is conducted by applying a predetermined
voltage to the sleeve 62. A voltage applying to the sleeve 62
when the base layer 77 has an electro-conductive character is
different from a voltage applying to the sleeve 62 when the

25 base layer has a dielectric character. Off course, the voltage

is selected in such a manner that the voltage applying to the
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w th a f.ourth enbodlnent‘of t he |nventlon““DESGRkPTICN:Eﬁ THE PREFERRED
EMBODI MENTS Pref erred enbodlnentgtﬁ he present i nvention will now be

described in detail. FIG 1 is a Iaosétlonal vi ew showi ng t he
construction of a printer constr rdance with a first
enmbodi nent of the present invent
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sleeve 62 when the base layer 77 has a dielectric character is
larger than the voltage applying to the sleeve 62 when the base
layer 77 has a conductive character. The remaining
construction and operation (Transfer Mechanism and so on) of
the present embodiment are substantially the same as those of
the first embodiment, and hence a further detailed description
will be omitted.

In the fourth embodiment of the present invention, the
multistylus-head with the same plane control is used, it may
possible to use a multistylus-head with a single plane control
or a double plane control (as described by Tokurou Yasuda, A
characteristic of a electrostatic recording paper, edited by
Electrostatic Academy, 9, 4, page 246-256, 1986).

In the image forming apparatus of the invention, the latent
electrostatic image forming head is disposed in close proximity
to a planar stretch of the endless belt bearing the latent
electrostatic image. By virtue of this construction, the dots
which make up the latent electrostatic images, which are formed
by respective recording electrodes having holes each forming
one dot as a picture element, are uniform in size and shape if
the recording electrodes are arrayed in a zig-zag fashion.

In the invention, the latent electrostatic image bearing
member is formed of an endless film having dielectric and heat-
resistance properties, not a photoreceptor. Therefore, the

image bearing member may be directly heated, so that

- 15 -
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An endless thin film1, /ahich has dielectric properties: and bears a | atent
el ectrostatic image theréon |S‘EumMWﬂmﬁB&ﬂR. acég transfer mechanism 2

ineluding a drive roller 21 coupl M! mw e source (not shown) and a
n the | oop of the endl ess

tension roller 22, and is turned | on of an arrow "a" A back
fil'm1l. Qutside the |oop of the endless film1 are disposed an ion-current

el ectrode 3 and a heater 4 are dis-

transferring and fixing of the toner image to the media can be
concurrently performed.
Because, with the invention, the transferring and fixing
operations are performed at the time when the toner image is
5 heated and fused, neither a transfer unit nor a fixing unit
separated by a prescribed distance therebetween need be
provided. Further, in the invention, no toner is left on the
endless film after the transfer of the latent image. This
eliminates the need of a cleaning blade or a waste toner
10 receptacle. In addition, no space for the optical path is
needed, leading to a reduction of the overall size of the image

forming apparatus.
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COntr01 .head 5, a develdf\ng unit 6, a pressure roller: 7 and a charge
removal unit 8. The ion-current control head 5, which perTGTnE“the—+uﬁe%+on

of ~an el ectrostatic recording head, is |located in opp05|
el ectrode 3. The developing unit 6 is |ocated in opposi- Im!“ﬂm ’ B E i’
tension roller 22. The pressure rollex77 is opposed to the

charge renoval unit 8 is opposed to the drive roller 21. The ion- current
control

CLAIMS
1. An image forming apparatus comprising:

an endless loop of a thin film (1) for beéring a
latent electrostatic image, said endless film (1)
being made of a material having both heat-resistant
and dielectric properties;

10
a transfer mechanism (2) for driving said endless

loop of said thin film (1) along a closed path;

a latent electrostatic image recording head, disposed

15 outside said loop of said thin film (1), for
recording a latent electrostatic image on said thin
film (1);

a developing unit (6), disposed outside said loop of
20 said thin film (1), for developing the latent
electrostatic image on said endless film (1) by
placing toner particles (61) in close proximity to
or bringing toner particles (61) into contact with
said thin film (1);
25
a back electrode (3) and a heater (4) disposed inside

said loop of said thin film (1);

a pressure roller (7) opposed to said heater (4) with

30 respect to said thin film (1); and

a discharge unit (8), disposed outside said loop of
said thin film (1), for discharging the latent
electrostatic image.

35
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head 5 applies ion beanﬁf%electlvely to the endless fiH
el ectroStatic inmage is fornmed on the endless film The

| ate
rendered visible with toner particles by the developlngiﬁm I
imge formed is heated and fused by thg heater 4 through'}

1. At the sane tinme, the toner

2. An image forming apparatus comprising:

an endless loop of a thin film (1)

H-+—S0
nt

i

for bearing a

latent electrostatic image, said endless film (1)

5 comprising a conductive film (76) and a dielectric

layer (75) formed on said conductive film (76);

a transfer mechanism (2) for driving said endless

loop of said thin film (1), along a closed path;

10

a latent electrostatic image recording

head, disposed

outside said loop of said thin film (1) for recording

a latent electrostatic image on said thin film (1);

15 a developing unit (6) disposed outside said loop of

said thin film (1) for developing the latent

electrostatic image on said thin £film

(1) by placing

toner particles (61) in <close proximity to or

bringing toner particles (61) into contact with said

20 thin film (1);

a heater (4) disposed inside said loop of said thin

film (1);

25 a pressure roller (7) opposed to said heater (4) with

respect to said thin film (1); and

a discharge unit (8) disposed outside said loop of

said thin film (1), for discharging the latent

30 electrostatic image.

3. The image forming apparatus of claim 1, wherein said thin

film is formed of a base layer of a polyamide film and a

surface layer made of a material selected

from the group

35 consisting of silicon resin and fluorine plastic.
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-4- |mage S transferreﬂo a recordi ng nedium such aspaper, and the

transferred toner inage ig pressed against the nediumto be permanently

fixed thereon. After the fixing process, the dlscharg t he
charge left on the surface of the endless film1. Th mﬂmm ﬂlmﬂﬂmﬂzarl ng
film1lis an endless film 19 € LM os

4. The image forming apparatus of claim 3, wherein said base
layer has a thickness of approximately 20 pm and said
surface layer has a thickness of approximately 10 um.

5 5. The image forming apparatus of one of claims 1 to 4
wherein said recording head comprises a planar ion-
current control plate (52) having a plurality of ion-
ejecting holes (56) formed therein, said ion-current
controcl plate (52) being disposed adjacent to and

10 parallel to a planar run of said loop of said thin film

(1).

6. The image forming apparatus of claim 5, wherein there is
a gap in a range of .3 to 1.5 mm between said ion-current
15 control plate (52) and said thin film (1).

7. The image forming apparatus of one of claims 1 or 3 to 6
wherein said back electrode (3) comprises a conductive
planar plate-like member disposed inside said loop of

20 said thin film (1) opposite said recording head.

8. The image forming apparatus of one of claims 1 to 7
wherein said transfer mechanism (2) comprises a drive

roller (21) and a tension roller (22).

25
9. The image forming apparatus of claim 8 wherein said
tension roller (22) has a conductive outer surface at a
potential egual to a potential of said back electrode
(3)-
30
10. The image forming apparatus of one of claims 1 to 9
wherein said developing unit (6) comprises a sleeve (62)
disposed outside said loop of said thin film (1) opposite
said tension roller (22), said sleeve (62) being at a
35 potential sufficiently different from said potential of

said tension roller (22) to create an electric fleld
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11.

12.

13.

14.

15.

16.

between said conductive sleeve (62) and said tension
roller (22) to transfer toner particles (61) from said
sleeve (62) to said thin film (1).

The image forming apparatus of one of claims 1 to 10
wherein said heater (4) comprises a ceramic heater (42)

supported by a thermal insulating resin (41).

The image forming apparatus of one of claims 1 to 11
wherein said discharge unit (8) comprises a conductive
rubber roller (81) disposed opposite said drive roller
(21).

The image forming apparatus of claim 12 wherein an AC
voltage 100 to 1000 volts in amplitude and 400 to 2000 Hz
in frequency superposed on a DC voltage 50 to 400 volts
in amplitude is applied to said conductive rubber roller
(81).

The image forming apparatus of one of claims 1 or 3 to 13
wherein said back electrode (3) comprises a conductive
rubber belt (31), said endless loop of said thin film (1)
being applied over said conductive rubber belt (31).

The image forming apparatus of one of claims 1 to 14
wherein said transfer mechanism (2) comprises a drive
roller (21) and a tension roller (22), said tension
roller (22) being dispoéed opposite said discharge unit
(8) and said drive roller (21) being disposed opposite
said developing unit (8).

The image forming apparatus of one of claims 1 to 15
wherein said developing unit (6) comprises a sleeve (62)
disposed outside said loop of said thin film (1) opposite
said drive roller (21), said sleeve (62) being at a

potential sufficiently different from said potential of
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coated with the material®:to formthe surface layer hav==% W’Ms of
10 [err] mthereover. The™endless film 1 consisting of th
| ayers, is capable of retaining ions thereon that are ir }I ﬂ ﬁmum&\“‘
ion-cur- rent control head. The portigpn of the endless fil#m t exposed td
the ion-current can hold a surface potential of several tens to several
hundred volts, which is high enough to develop the latent inmage in the next
St age,

said rubber belt (31) to create an electric field between

said conductive sleeve (62) and said rubber belt (31) to
transfer toner particles (61) from said sleeve (62) to
said thin film (1).

17. The image forming apparatus of one of claims 2 to 16
wherein said thin conductive film (76) is formed from a
material selected from the group consisting of copper and
nickel, and said thin dielectric layer (75) formed on

10 said conductive film (76) is formed from a material
selected from the group consisting of silicon resin and
fluorine plastic.

18. The image forming apparatus of one of claims 2 to 17

15 wherein said conductive film (76) has a thickness of

approximately 30 um and said dielectric layer (75) has a
thickness of approximately 20 um.

19. The image forming apparatus of one of claims 1 to 18
20 wherein said recording head comprises a planar ion-
current control plate (52) having a plurality of ion-
ejecting holes (56) formed therein, said ion-current
control plate (52) being disposed adjacent a planar run
of said loop of said thin film (1).
25
20. The image forming apparatus of claim 19, wherein there is
a gap in a range of 0.3 to 1.5 mm between said ion-

current control plate (52) and said thin film (1).

30 21. The image forming apparatus of one of claims 1 to 20
wherein said developing unit (6) comprises a sleeve (62)
disposed opposite outside said loop of said thin film (1)
opposite said tension roller (22), said sleeve (62) being
at a potential sufficiently different from the potential
35 of said conductive film (1) to create an electric field

between said conductive sleeve (62) and said conductive
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with respect to the potential of the back el ectrode 3’!5-1§___2”_Ls,a,_
partially broken perspective view of the ion-current control head 5. The
ion-current control head 5 includes an ion generator 51 anﬂmmmﬂmmj‘lmm
conldtrol plate 52 for controlling ion 2(3eposi tion on the end||#H IEHE
ion-current control plate 52 is con- “tructed such that el e&trbdes 34 and
55..are nounted on both sides of an insulating board 53, and hol es 56,

film (1) to transfer toner particles (61) £from said

sleeve (62) to said thin film (1).
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forrred in the insulati ngfboard are arrayed in zig-zag? ashl on. The nunber
of holes 56 is equal to the nunber of recording dots. The i on-current
contyol plate 52 is arranged parallel to the endless film1l, with the gap

t her ebet ween being in the range of 0.g3to0 1.5 nmm In other words, the
endless film1, disposed directly under the ion-current control plate 52,
is not curved mnth respect to the plate. Therefore, the projected i nages of

ABSTRACT

There is provided an image forming apparatus including a thin

5 endless film (1) on which is formed a latent electrostatic
image, the endless film (1) having heat-resistant and
dielectric properties, a transfer mechanism (2) for
transferring the endless film (1), a latent electrostatic
image recording head disposed outside the endless film (1),

10 for recording a latent electrostatic image on the endless
film (1), a developing unit (6) disposed outside the endless

film (1) for developing the latent electrostatic image on the
endless film (1) by placing toner particles (6l1) in close
proximity to or bringing the toner particles (61) into

15 contact with the endless film (1), a back electrode (3) and a
heater (4) disposed inside the endless film (1), a pressure
roller (7) opposed to the heater (4) with respect to the
endless film (1), and a discharge unit (8) disposed outside

the endless film (1) for discharging the latent electrostatic

20 image.
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thguikéxﬁﬁs@ﬁ ¢6ﬁ§bﬁﬂﬁ¢@£~bd t hrough the holes 56 are i t he sane,
|rﬁg§pg§tgy§1£6aﬁtﬁnlocatlons of the holes. A latent eleofkostatlc i mage

reopededien thec@+EPess filmby the ion-current control head 5 is devel oped
by the developing unit 6. The tension roller 22, which is opposed to the
devel oping unit 6 with respect to the endless film1 and which has a
surface made of conduc- tive material, for exanple, netal, perforns two

FIG. 1

func-
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tlons _~OBBSON Cﬁaﬁgﬂéwlﬂﬁé endless film1l and the ot
eIEeWrSBeAPBilFﬁglﬁéveloplng process. The back electr de' '3, opposed to the

B0 provi de a back

|o@u€ufﬂéﬁt 88ré Ptrol head 5, is connected to the tension roller 22, and
the'two el ectrodes are held at the same potential. The de-
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ori nlg age i xed “&nount of toner 61 is magnetlcar“l y or T
electrostatically attracted to a sleeve 62 of the devel opi unlt The
slééve 62 bearing the toner 61 turns to bring the toner in in [}
to or in contact with the endless film1l. An electric field

between the endless film1l and the sleeve 62, to which a pr

applied. Under the ;1_76
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IONOGRAPHIC DMAGE FORMING APPARATUS

BACKGROUND OF THE INVENTION

In a conventional image forming apparatus, a photo-
receptor drum having photoconductive properties is
uniformly charged and selectively exposed so that a
Intent clectrostatic image is formed on the photorecep-
tor. The latent electrostatic image is developed with
toner particies to form a toner image on the photorecep-
tor. Subsequently the toner image is electrostatically
transferred from the photoreceptor to a recording me-
dium such as paper. The record medium bearing the
toner image is passed through a fusing/fixing unit in-
cluding a pressure roller and a heater roller so that the
toner image is fixed on the media.

In another conventional image forming apparatus,
without the exposure process, a latemt clectrostatic
image is directly formed on a dielectric drum by an
ion-current control head known as a latent electrostatic
image recording head. The latent electrostatic image
formed on the dielectric drum is developed to form a
toner image on the dielectric drum. The toner image is
transferred and fixed to a record medium using a pres-
sure roller. (See, for example, “Imaging,” part 2, p. 209,
edited by Electrophotography Academy).

The image forming apparatus using the photorecep-
tor drum requires a prescribed length of an optical path
from the exposing stage to the drum surface of the pho-
toreceptor. Since the transfer stage and the fixing stage
are scparately mounted, the transfer unit and the fixing
unit must be separately installed. Because of the possi-
bility of degrading the performance of the photorecep-
tor drum due to heat, it is difficult to install the photore-
ceptor in close proximity to the fixing unnit. For the
sbove two reasons, reduction of the averall size of the
image forming apparatus is difficult. Further, 100%
transfer efficiency is impossibie. Owing to this, toner is
inevitably left on the photoreceptor. For removing the
residual toner, a cleaner must be provided. For receiv-
ing the toner removed by the cleaner, a waste toner
receptacle must be provided.

In an image forming apparatus using an ion-current
control kead, recording clectrodes with holes for form-
ing dots as picture elements (pixels) are arrayed in a
zig-zag fashion. The dielectric drum, however, has a
certain curvature. These two facts make it difficult to

obtain uniform sizes and shapes of all the dots. Addi-

tionally, use of the pressure fixing process causes an
annsatural luster on the record medium.
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SUMMARY OF THE INVENTION

The present invention has been made in view of the
above circumstances and has an object the provision of
an image forming apparatus which is capable of forming
dots all having the same size and shape, and of concur-
rently performing the transfer and fixing processes
without entailing the residual toner after the transfer
and the unnatural luster, and does not require the space
for securing the prescribed length of the optical path,
the cleaner, and the waste toner receptacle, and conse-
quently is small in size,

To achieve the above object, the first invention pro-
vides an image forming apparatus comprising: & thin
endless film on which is formed a latent electrostatic
image, the endless film having heat-resistance and di-

_electric properties; a transfer mechanism for transfer-
ring the endless film; a latent electrostatic image record-
ing head, disposed outside the endless film, for record-
ing a latent electrostatic image on the endless film; a
developing unit, disposed outside the endless film, for
developing the latent electrostatic image on the endless
film by placing toner particles in close proximity to, or
bringing the toner particles into contact with, the end-
less film; a back electrode and a heater disposed inside
the endless film; a pressure roller opposed to the heater
with respect to the endless film; and a discharge unit,

* disposed outside the endless film, for discharging the
latent electrostatic image.

The invention also provides an image forming appa-
ratus comprising: a thin endless film for bearing a latent
clectrostatic image, the endless film being formed by
depositing a thin heat-resistant dielectric layer on the
surface of a thin, conductive endless film; a transfer
mechanism for transferring the endless film; a latent
electrostatic image recording head, disposed outside the
endless film, for recording a latent electrostatic image
on the endless film; a developing unit, disposed outside
the endless film, for developing the latent electrostatic
image on the endless film by placing toner particles in
close proximity to, or bringing the toner particles into
contact with, the endless film; a back electrode and a
heater disposed inside the endless film; a pressure roller
opposed to the heater with respect to the endless film;
and a discharge unit, disposed outside the endless film,
for discharging the latent electrostatic image. '

BRIEF DESCRIPTION OF THE DRAWINGS
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FIG. 1 is a longitudinal sectional view showing the
construction of a printer constructed in accordance
with a first embodiment of the invention;

FIG. 2 is a partially broken pcrspccnve view of an
ion-current control head 5 used in the pnntcr of FIG. 1;

FIG. 3 is & longitudinal sectional view showing a
second embodiment of the invention;

FIG. 4 is a longitudinal sectional view showing a
third embodiment of the present invention;

FIG. § is a plane view of a mulnstylus-head usedina
fourth embodiment of the present invention;

FIG.6is a Iongitudinal sectional view showing an
endless film, on which is formed a latent electrostatic
image, used in the fourth embodiment of the present
invention; and

FIG. 7 is a longitudinal sectional view showing the
construction of a printer constructed in accordance
with a fourth embodiment of the invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Preferred embodiments of the present invention will
now be described in detail.

FIG. 1 is a longitudinal sectional view showing the
comstruction of & printer constructed in accordance
with 2 first embodiment of the present invention.

An endless thin film 1, which has dielectric properties
and bears a latent electrostatic image thereon, is sup-
ported by a transfer mechanism 2 including a drive
roller 21 coupled with a drive source (not shown) and a
tension roller 22, and is turned in the direction of an
arrow “a”. A back electrode 3 and a heater 4 are dis-
posed within the loop of the endless film 1. Qutside the
loop of the endless film 1 are disposed an ion-current
control head §, a developing unit 6, a pressure roller 7,
and a charge removal unit 8. The ion-current control
head §, which performs the function of an electrostatic
recording head, is located in opposition to the back
electrode 3. The developing unit 6 is located in opposi-
tion to the tension roller 22. The pressure roller 7 is
opposed to the heater 4. The charge removal unit 8 is
opposed to the drive roller 21. The ion-current control
head § applies ion beams selectively to the endless film
1 so that a latent electrostatic image is formed on the
endless film. The latent image is rendered visible with
toner particles by the developing unit 6. The toner
image formed is heated and fused by the heater 4
through the endless film 1. At the same time, the toner
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image is transferred to a recording medium, such as
paper, and the transferred toner image is pressed against
the medium to be permanently fixed thereon. After the
fixing process, the discharge unit 8 removes the charge
left on the surface of the endless film 1.

The latent-image bearing film 1 is an endless film
composed of two layers, a base layer and a surface
Iayer. The base layer is a polyamide film 20 pm thick,
which has properties of a high resiliency and small
variation of its geometry at high temperatures. Such
properties are required in order to obtain a stable trans-
fer film. The surface layer is made of silicon resin or
fluorine plastic, which exhibits excellent mold release
characteristics when the toner is fused. The base layer is
coated with the material to form the surface layer hav-
ing a thickness of 10 um thereover. The endless film 1,
consisting of the base and surface layers, is capable of
retaining ions thereon that are irradiated by the ion-cur-
rent control head. The portion of the endless film 1
exposed to the jon-current can hold a surface potential
of several tens to several hundred volts, which is high
enough to develop the latent image in the next stage,
with respect to the potential of the back electrode 3.

FIG. 2 is a partially broken perspective view of the
ion-current control head 5. The ion-current control
head § includes an ion generator §1 and an ion-current
control plate 52 for controlling ion deposition on the
endless film 1. The ion-current control plate 52 is con-
structed such that electrodes 54 and 55 are mounted on
both sides of an insulating board 53, and holes 56,
formed in the insulating board, are arrayed in zig-zag
fashion. The number of holes 56 is equal to the number
of recording dots. The ion-current control plate S2 is
arranged parallel to the endless film 1, with the gap
thercbetween being in the range of 0.3 to 1.5 mm. In
other words, the endless film 1, disposed directly under
the ion-current control plate 82, is not curved with
respect to the plate. Therefore, the projected images of
the fluxes of ions projected through the holes 56 are all
the same, irrespective of the locations of the holes.

A latent clectrostatic image recorded on the endless

“film by the jon-current comrol head 5 is developed by

the developing unit 6. The teasion roller 22, which is
opposed to the developing unit 6 with respect to the
endless film 1 and which has a surface made of conduc-
tive material, for example, metsl, performs two func-
tions, one to transfer the endless film 1 and the other to
provide a back electrode for the developing process.
The back electrode 3, opposed to the ion-current con-
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trol head §, is connected to the tension roller 22, and the
two electrodes are held at the same potential. The de-
veloping unit 6 contains toner 61 in the form of a resin
powder containing coloring agent. A fixed amount of
toner 61 is magnetically or electrostaticaily attracted to
a sleeve 62 of the developing unit. The sleeve 62 bearing
the toner 61 turns to bring the toner in ciose proximity
to or in contact with the endless film 1. An electric field
is developed between the endless film 1 and the sleeve
62, to which a preset voltage is applied. Under the elec-
tric field, the toner sticks onto the endless film 1,
thereby to form a toner image 63.

The toner image 63 is heated and fused by the heater
4 through the endless film 1, while at the same time
pressed against a record media 9 by the pressure roller
7. The media 9, together with the endless film, is trans-
ferred by the pressure roller 7. The fused toner image
gets tangled with fibers of the record media 9 and is
forced into the spaces among the fibers, generating an
adhesive force between the media 9 and the toner image
63.

The surface layer of the endless film 1 is formed of
silicon resin or fluorine plastic which, as described
above, has excellent mold relesase characteristics. Ac-
cordingly, the adhesive force between the heated area
of the endless film 1 and the fused toner image 63, as
considered from the viewpoint of interfacial chemistry,
is smaller than the cohesive force of the toner and the
adhesive force between the media 9 and the toner image
63. Thus, the fused toner image 63 is completely trans-
ferred from the endless film 1 to the media 9. When the
toner image 63 on the media 9, which is entangled with
the fibers of the media and pushed into the spaces
among the fibers, leaves the region where it is thermally
influenced by the heat from the heater 4 and the toner
temperature drops, the toner image 63 is hardened and
fixed to the medium 9. In this way, the toner image 63
is transferred to and fused to the medium 9 all at once.

Generally, conventionally used photoreceptive mate-
rials used as a latent electrostatic image bearing mem-
bers can be degraded by heat. It is for this reason that
the heating device, such as a fusing unit, had to be in-

 stalled spaced away from the photoreceptor. However,
the present invention using the dielectric film 1, which
has a high heat resistance, rather than a plain photore-
ceptive material, as the latent electrostatic image bear-
ing member, allows the latent electrostatic image bear-

- ing member to be directly heated. This realizes a one-
stage transferring/fixing operation.
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The media 9 is transferred while being nipped be-
tween the pressure roller 7 and the endless film 1. There
is no need for using a rotating heated roller containing
a bar-like halogen lamp for the heater 4. _

In this embodiment, the toner image €3 is heated and
fused in such a manner that a ceramic heater 42 sup-

_ported by a thermal insulating resin 41 is brought into
contact with the endless film 1. The heat capacity of the
heater usmg the ceramic heater 42 is smaller than that of
8 heater wng the heated roller. Accordingly, the for-

mer is superjor to the latter in that the warm-up time -

required to increase temperature of the heater 4 to a
preset temperature is short, and the power consumption
of the image forming apparatus is reduced.

Conductive toner provides easy development, but
presents a difficulties with respect to its electrostatic
transfer to plain paper. For this reason, use of only
special paper, e.g., high resistance paper, has conven-
tionally been permitted for the recording medium. In
other words, plain paper cannot be used. However, it is
noted that in this embodiment, since no electrostatic
force is used for the image transfer, plain paper can be
used, even if a conductive toner is used.

In this embodiment, since no toner is left on the end-
less film 1, neither a cleaning blade for scraping the
residual toner from the endless film nor a receptacle for
receiving waste toner is requu'ed

In the fixing process using only pressure aand not heat,
a strong linear pressure load must be applied to the
medium, as a result of which the medium bearing the
image thus fixed has an unmpatural luster. It is noted
though that in this embodiment, the transfer and fixing
processes of the toner image concurrently progress
while the toner image is heated and fused. Therefore,
the medium has no unnatural luster.

The discharge unit 8 is a canductive rubber roller 81
disposed in opposition to the drive roller 21. The sur-
face of the drive roller 21 is made of conductive mate-
rial, similar to the tension roller 22, and is connected to
the back electrode 3, while being held at the same po-
tential. An AC voltagc of 300 to 1000 V in amplitude
and 400 to 2000 Hz in frequency superposed on a DC
voltage of 50 to 400 V is applied to the conductive
rubber roller 81, by voltage supply 100 with the surface
potential of the tension roller 22 as a reference potential.
With the application of such voltage, the surface poten-
tial of the endless film 1 bearing the latent electrostatic
image is initialized. In the alternative conductive rubber
roller covered with an insulating layer may be used for
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FIG. 3 is a longitudinal sectional view showing 2
second embodiment of the present invention.

A conductive rubber belt 31, which serves also as a
back electrode, is wound around the drive roller 21 and
the tension roller 22, The endless film 1 bearing the
latent clectrostatic image is applied to the rubber belt
wound around the rollers. In the first embodiment, the
tension roller 22 is disposed at a location oppased to the
developing unit 6, and the drive roller 21 is disposed at
a location opposed to the discharge unit 8.

In the second embodiment, however, the drive roller
21 is installed at the location where the tension roller 22
is installed in the first embodiment, and vice versa. The
rubber belt 31 also serving as the back electrode is
driven in the direction of an arrow “b” by the drive
roller 21. The rubber beit 31 is tensioned in the region
facing the ion-current control head 5. The endless film
1 is transferred between the rollers 21 and 22 while
being in a close contact with the rubber beit 31, thereby
stably maintaining a fixed gap between the ion-current
control plate 52 of the head § and the endless film 1.

The conductive rubber belt 31 has two functions, one
to transfer the endless film 1 and the other to act as the
back electrode in the stages of forming the latent image,

development thereof, and discharge of the endless films.
Accordingly, there is no need for using a conductive

material for the surfaces of the drive roller 21 and the
tension roller 22.
The remaining construction and operation of the
gecond embodiment is substantiaily the same as the first
embodiment, and hence no further description thereof
will be given bere.

FIG. 4 is a longitudinal sectional view showing a
third embodiment of the invention.

The endiess film 1 bearing the latent electrostatic
image used in this embodiment is constructed such that
sn endless film, which has a thickness of 30 pm thick
and is formed of copper or nickel through an electro-
printing process, is coated with silicon resin or fluorine
plastic to form a resin layer having a thickness of 20 um.
The iatent electrostatic image can be formed without
the additional back electrode. The surfaces of the drive

. roller 21 and the tension roller 22, which are respec-

tively disposed opposed to the discharge unit and the
developing unit, are not necessarily made of conductive
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material. The remaining construction and operation of
the present third embodiment is substantially the same
as the first embodiment, and hence a further detailed
description will be omitted.

FIGS. 5-7 shows a fourth embodiment of the present
invention. FIG. § shows a plane view of a multistylus-
head 100 used in the fourth embodiment. In the mults-
tylus-head 100, main electrodes 71 and auxiliary elec-
trodes 72 are embedded in the structural material 73
having a dielectric character, in such a manner that the
main electrodes 71 are aligned at a predetermined inter-
val on a single line and the auxiliary electrodes 72 are
arranged at a predetermined interval in two lines. The
auxiliary electrodes 72 are disposed on both sides of the
main electrodes 71 in parallel at a predetermined inter-
val. Each end surface of the main electrodes 71, the
auxiliary electrodes 72 and the strzctural material 73 lies
in the same plane. FIG. 6 shows a cross-sectional view
of an endless film 1, on which is formed a latent electro-
static image, used in the fourth embodiment of the pres-
ent invention. The endless film 1 comprises a dielectric
layer 75, an electroconductive layer 76 and a base layer
T7. One side surface of the base layer 77 is bonded to
one side surface of the electroconductive layer 76 hav-
ing a lower resistance character (surface resistance 104-
1010Q), and the other side surface of the electro-con-
ductive layer 76 is bonded to one side surface of the
dielectric layer 75. Particles 74 having a dielectric char-
acter are adhered to the other side surface of the dielec-
tric layer 75. In FIG. 7, the endless film 1 bearing the
latent electrostatic image is mounted in such a manner
that the base layer 77 is directed to an inner side, that is,
the base layer is brought in contact with the drive roller
21, tension roller 22 and the heater 4 In addition, the
muitistylus-head 100 is disposed so as to direct the sec-
tional surface shown in FIG. 5§ downward, and the
multistylus-head 108 is confronted with a surface of the -
diclectric layer 75 of the endless film 1 so as to bring the
head 100 into contact with the surface of the layer 75.
The remaining construction and operation of the pres-
eat embodiment are substantially the same as those of
the first embodiment, and hence a further detailed de-
scription will be omitted.

An electrostatic latent image is formed by utilizing a
well-known technique, for example, described in *“the
Voltage Coincident Method, Matrix AND, and so on”
(HMead Copy Technology, edited by Japan Industrial.
Technorogie Center, 1981). Development is conducted
by applying a predetermined voltage to the sleeve 62. A
voltage applied to the sleeve 62 when the base layer 77
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bas an electro-conductive character is different from a
voltage applied to the sleeve 62 when the base layer has
8 dielectric character. Of course, the voltage is selectea
in such a manner that the voitage spplied to the sleeve
62 when the base layer 77 has a dielectric character is
larger than the voltage applied to the sleeve 62 when
the base layer 77 has s conductive character. The re- .
maining construction and operation (Transfer Mecha-
nism and 5o on) of the present embodiment are substan-
tially the same as the first embodiment, and hence a
further detailed description will be omitted.

In the fourth embodiment of the present invention,
the multistylus-head with the same plane control is
used, it may possibie to use a multistylus-head with a
single plane control or a double plane contrel (as de-
scribed by Tokurou Yasuda, A characteristic of a elec-
trostatic recording paper, edited by Electrostatic Acad-
emy, 9, 4, page 246-256, 1986).

In the image forming apparatus of the invention, the
latent electrostatic image forming head is disposed int
close proximity to a planar stretch of the endless belt
bearing the latent electrostatic image. By virtue of this
canstruction, the dots whick make up the latent electro-
static images, which are formed by respective recording
electrodes having holes each forming one dot as a pic-
ture element, are uniform in size and shape ever if the
recording electrodes are arrayed in a zig-zag fashion.

In the invention, the latent electrostatic image bear
ing member is formed of an endless film having dielec
tric and heat-resistance properties, not a photoreceptor
Therefore, the image bearing member may be directly
heated, so that transferring and fixing of the toner image
to the media can be concurrently performed.

Because, with the invention, the transferring and
fixing operations are performed at the time when the
toner image is heated and fused, neither & transfer unit
nor a2 fixing unit separated by a prescribed distance
therebetween need be provided. Further, in the inven-
tion, no toner is left on the endless film after the transfer
of the latent image. This eliminates the need of a clean-
ing blade or a waste tonrer receptacle. In addition, no
space for the optical path is needed, leading to a reduc-
tion of the overall size of the image forming apparatus.
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What is claimed is:

1. An image forming apparatus comprising:

an endless loop of a thin film for bearing a latent
electrostatic image, said endless film being made of
a material having both heat-resistant and dielectric
yropem:-s

a transfer mechanism for driving said endless loop of
said thin film along a closed path;

a latent electrostatic image recording bead, disposed
outside said loop of said thin film, for recording a
latent electrostatic image on said thin film;

& developing unit, disposed outside said loop of said
thin film, for developing the latent electrostatic
image on said endless film by placing toner parti-
cles in close proximity to or bringing toner parti-
cles into contact with said thin film;

a back electrode disposed inside said loop of said thin
film;

a pressure roller disposed outside of said loop of said
thin film in opposition to an outside surface of said

 thin film;

a discharge unit, disposed outside said loop of said
thin film, for discharging the latent electrostatic
image; and

a heater disposed inside of said loop of said thin film,
said heater being in qpposition to said pressure
roller, said thin film passing between said heater
and said pressure roller, 2 nipped area being de-
fined by an area of contact between & recording
sheet and said pressure roller whea the recording
sheet is passed between said thin film and said pres-
sure roller, said heater being in contact with a por-
tion of an inside surface of said thin film which is m
opposition to said nipped area, il other portions of
said insids surface being in s noo-contact state with

respect to said heater.

2. The image forming apparatus of claim 1, wherein
said thin film is formed of a base layer of a polyamide
film and a surface layer made of a material selected from
the group consisting of silicon resin and fluorine plastic.-

3. The image forming apparatus of claim 2, wherein
said base layer has a thickness of approximsately 20 um

:gd said surface layer has a thickness of approximately
pm.
4. The image forming apparatus of claim 1, wherein
said recording head comprises a planar ion-current con-
trol plate having a plurality of ion-ejecting holes formed
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therein, said ion-current control plate being disposed
adjacent tO and parallel to a planar run of said loop of
said thin film.

5. The image forming apparatus of claim 4, wherein
thetexsagapmamgeofo.‘s to 1.5 mm between said
ion-current control plate and said thin film.

6. The image forming spparatus of claim 1, wherein
said back electrode comprises a conductive planar
plate-like member disposed inside said loop of said thin
film opposite said recording head.

7. The image forming apparatus of claim 6, wherein
said transfer mechanism comprises a drive roller and a
tension roller.

8. The image forming apparatus of claim 7, wherein

said tension roller has a conductive outer surfice at a-

potential equal t0 a potential of said back electrode.

9. The image forming apparatus of claim 8, wherein
said developing uait comprises a sleeve disposed outside
said loop of said thin film opposite said tension roller,
said sleeve being at a potential sufficiently different
from said potential of said tension roller to create an
electric field between said conductive sleeve and said

tension roller to transfer toner particles from said sleeve

to said thin film.

10. The image forming apparatus of claim 1, wherein
said heater is a ceramic heater supported by a thermal
insulating resin.

11. The image forming apparatus of claim 6, wherein
said discharge unit comprises a conductive rubber roller
disposed opposite said drive roller.

12. The image forming apparatus of claim 11, wherein
an AC voltage 100 to 1000 volts in amplitude and 400 to
2000 Hz in frequency superposed on 2 DC voltage 50 to
400 volts in amplitude is applied to said conductive
rubber roller.

13. The image forming apparatas of claim 1, wherein

said back electrode comprises a conductive rubber belt, -

said endless loop of said thin film being applied over
said conductive rubber belt.

14. The image forming spparatus of claim 13, wherein
said transfer mechanism comprises a drive roller and a
teasion roller, said tension roller being disposed oppo-
site said dxscharge unit and said drive roller being dis-
posed opposite said developing unit.

15. The image forming apparatus of claim 14, wherein
said developing unit comprises a sleeve disposed outside
said loop of said thin film opposite said driver roller,
said sleeve being at a poteatial sufficiently different
from said potential of said rubber belt to create an elec-
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tric field between said conductive sleeve and said rub-

ber belt to transfer toner particles from said sleeve to
said thin film.

16. An image forming spparatus comprising:

an endless loop of thin film for bearing a latent elec-
trostatic image, said endless film comprising a con-
ductive film and a dielectric layer formed on said
conductive film;

a transfer mechanism for driving said endless loop of
said thin film along a closed path;

a latent electrostatic image recording head, disposed
cutside said loop of said thin film, for recording a
latent electrostatic image on said thin film;

a developing unit, disposed outside said loop of said
thin film, for developing the latent electrostatic
image on said thin film by placing toner particles in
close prozimity to or bringing toner particles into
cantact with said thin film;

a pressure roller disposed outside of said loap of said
thin film in opposition to an cutside surface of said
thin film;

& discharge unit, disposed outside said loop of said
thin film, for discharging the latent electrostatic
image; and

a heater disposed inside of said loop of said thin film,
said heater being in opposition to said pressure
roller, said thin film passing between said heater
and said pressure roller, a nipped area being de-
fined by an area of contact between a recording
sheet and ssid pressure roller when the recording
sheet is passed between said thin film and said pres-
sure roller, said heater being in contact with a por-
tion of an inside surface of said thin film which is in
opposition to said aipped area, all other portions of
said inside surface being in a non-contact state with
respect to said heater.

17. The image forming apparatus of claim 16, wherein
said thin conductive film is formed from a material
selected from the group consisting of copper and pickel,
and said thin dielectric film is formed from a material
selected from the group consisting of silicon resin and
fluorine plastic. '

18. The image forming apparatus of claim 17, wherein
said conductive film has a thickness of approximately 30
pm and said dielectric film has a thickness of approxi-
mately 20 pm.

19. The image forming apparatus of claim 16, wherein
said recording head comprises a planar ion-current con-
trol plate having a plurality of ion-cjecting holes formed
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FIG 3 is a longitudinal sectional view showing a second

present | nvention
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therein, said ion-current control plate being disposed
adjacent a planar run of said loop of said thin film.

20. The image forming apparatus of claim 19, wherein
there is 2 gap in a range of 0.3 to 1.5 mm between said
ion-current contro! plate and said thin film.

21. The image forming apparatus of claim 16, wherein
said transfer mechanism comprises a drive roller and a
teasion roller.

22. The image forming apparatus of claim 21, wherein
said developing unit comprises a sleeve disposed outside
said loop of said thin film opposite said tension roller, |

said sleeve being at a potential sufficiently different
from the potential of said conductive film to create an
electric field between said conductive sleeve and said
conductive film to transfer toner particles from said
sleeve to said thin film. )

23. The image forming apparatus of claim 16, wheremn
said heater comprises a ceramic heater supported by a
thermal insulating resin.

24. The image forming apparatus of claim 21, wherein
said discharge unit comprises a conductive rubber roller
disposed opposite said drive roller.

25. The image forming apparatus of claim 24, wherein
an AC voltage 100 to 1000 volts in amplitude and 400 to
2000 Hz in frequcncy superposed on a DC voltage 50 o
400 volts in amplitude is applied to said conductive
tubber roiler.

26. An image forming apparatus comprising:

an endless loop of a thin film, said thin film compris-
ing a polyamide film base layer having a surface
layer disposed thereon, said surface layer being
made of a material selected from the group consist-
ing of silicon resin and flucrine plastic, a thickness
of said base layer being approximately 20 pm, and
a thickness of said surface layer being approxi-
mately 10 po;

a transfer mechanism movably supporting said end- -
less loop so as to drive said thin film loop along a
closed path;

a latent electrostatic image recording head disposed
outside of said loop 3o as to selectively record an
efectrostatic latent image on said surface layer of
said thin film;

a developing unit drsposed outside of said loop so as
to develop said latent image by placing toner parti-
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devel oping unit 6, and the drive roller 21 is dIS osed at_a | ocation
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serving as the back electrode is driven in the di rection of 28 HAN 38
the drive roller 21. The rubber belt 31 1i4s_tensi oned injthe region
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by

a conductive planar plate-like back electrode dis-
posed inside of said loop at a position which is in
opposition to said recording head;

a heater disposed inside of said loop;

a pressure roller disposed outside of said loop in op-

posmonwsudnuter- and

a discharge unit disposed outside of said loop so ss to
discharge said surface layer of said. thin film and
remove said latent image-
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facing the ion-current control head 5. The endless film1l_is transferred

between the rollers 21 and 22 while being in a close cont

rubber belt 31, thereby stably maintaining a fixed gap be

ion-current control plate 52 of the head 5 and the endl es
conductive rubber belt 31 has two functions, one to trans
film1l and the other to act as the back electrode in the
the latent inmage, . -

FIG. 1
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devel oprment thereof, and discharge of the endless filns. Accordingly, there
I's no heed for using a conductive material for the surfgcessof—the—dri-ve
rolFler 21 and the tension roller 22. The remai ning cons r REALAGRMEN SHEET
operation of the second enbodi nent is substantially the|lspne as the Tir]st
enbodi ment, and hence no further description thereof wl]|be minanigeard.
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FIG 4 is a longitudinal sectional view showing a third ¢ e pf 1t
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ABSTRACT

IONOGRAPHIC IMAGE FORMING APPARATUS

An image forming apparatus includes a thin endless
filmm on which is formed a latent electrostatic image,
the endless film having heat-resistant and dielectric
properties, a tansfer mechanism for transferring the
endless film, a latent electrostatic image recording head
disposed outside the endless film for recording a latent
electrostatic image on the endless film, a developing
unit disposed outside the endless film for developing the
latent electrostatic image on the endless film by placing
toner particles in close proximity to .or bringing the
toner particles into contact with the endless film, a back
electrode and a heater disposed inside the endiess film,
a pressure roller opposed to the heater with respect to
the endless film, and a discharge unit disposed outside
the endless film for discharging the latent electrostatic
image. Alternately, the endless film can be formed by
depositing a thin heat-resistant dielectric layer on the
surface of a thin, conductive endless {iim, in which case
the back electrode can be omitted.

FIGURE 1
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- 8 - material . _The remining construction and operation of the present
third enmbodi nent is substantlally the same as the first_enbodi nent. and
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fourth enbodi sent invention. FIG 5 shows - M-ew-pf
mul tistyl us- fm in the fourth jenbodi ment. ' t{he '

IMAGE FORMING APPARATUS

REPLACEMENT SHEET

In a conventional image forining apparétus, a photoreceptor
drum having a photocondut:tive property is uniformly charged and
selectively exposed so that a lai:ent electrostatic image is
formed on the photoreceptor. The latent electrostatic image is
developed with toner particles to form a toner image on the
photore.'c':eptor. After the toner image is electrostatically
transferred from the photoreceptor to a recording medium such
as paper. The record medium bearing the toner J‘:xitage is passed
through a fusing/fixing unit including a pressure roller and a
heater roller so that the toner image is fixed on the media.

In another conventional image forming apparatus, without
the exposure process, a latent electrostatic image is directly
formed on a dielectric drum by an ion-current control head
known as a latent electrostatic image recording head. The
latent electrostatic image formed on the dielectric drum is
developed to form a toner image on the dielectric drum. The
toner image is transferred and fixed to a record medium using
a pressure recller. (See, for example, "Imaging,” part 2, p.
209, edited by Electrophotography Academy).

The image forming apparatus using the photoreceptor drum
requires a prescribed length of an optical path from the
exposing stage to the drum surface of the photoreceptor. Since

the transfer stage and the fixing stage are separately mounted,
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the transfer unit and the fixing unit must be sgparately
installed. Because of the possibility of degrading the
performance of the photoreceptor drum due to heat, it is
difficult to install the photoreceptor in close proximity to
the fixing unit. For the above two reasons, reduction of the
overall size of the image forming apparatus is difficult.
Further, 100% transfer efficiency is impossible. Owing to
this, toner is inevitably left on the photoreceptor. For
removir;g the residual toner, a cleaner must be provided. For
receiving the toner removed by the cleaner, a waste toner
receptacle must be provided.

In an image forming apparatus using an ion-current control
head, recording electrodes with holes for forming dots as
picture elements (pixels) are arrayed in a zig-zag fashion.
The dielectric drum, however, has a certain curvature. Thes;e
two facts make it difficult to obtain uniform sizes and shapes
of all the dots. Additionally, use of the pressure fixing

process causes unnatural luster on the record medium.

The present invention has been made in view of the above
circumstances and drawbacks. It provides an image .
forming apparatus which is capable of forming dots all having
the same size and shape, and of concurrently performing the
transfer and fixing processes without entailing the residual

- toner after the transfer and the unnatural luster, and does not
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optical path, the cleaner, and the waste toner receptacle, and

consequently is small in size.

The invention overcomes the above mentioned disadvantages of
the prior art by the image forming apparatuses according to
independent claims 1 and 2. Dependent claims 3 to 21 specify
preferred embodiments of the apparatuses according to claims 1
and 2. Further advantageous features of the invention are
evident from the description and the drawings. The claims are
to be understood as a first non-limiting approach to define
the invention in general terms.

According to a first aspect, the invention provides

an image forming apparatus comprising: a thin endless film on
which is formed a latent electrostatic image, the endless film
having heat-resistance and dielectric properties; a transfer
mechanism for transferring the endless film; a latent
electrostatic image recording head, disposed outside the
endless film, for recording a latent electrostatic image on the
endless film; a developing unit, disposed outside the endless
film, for developing the latent electrostatic image on the
endless film by placing toner particles in close proximity to
or bringing the toner particles intc contact with the endless
film; a back electrode and a heater disposed inside the endless
film; a pressure roller opposed to the heater with respect to
the endless film; and a discharge unit, disposed outside the

endless film, for discharging the latent electrostatic image.
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75. In F1G 7, the endless film1 bearing the latent el
mounted in ?k%ﬁké%i%%“QEJ a sécond aspect, the invention

forming apparatus

e dielec- tric |ayer
ect+ost-ate—+ragel i s

provides an image

comprising: a thin endless film for bearing a latent

electrostatic image, the endless film peing formed by~

depositing a thin heat-resistant dielectric layer on the

. Cte. r
surface of a thin, conductive endless film:; a transfe

mechanism for transferring the endless

electrostatic image recording head, dispo

film; a latent

sed outside the

endless film, for recording a latent electrostatic image on the

endles; film; a developing unit, disposed outside the endless

film, for developing the latent electrostatic image on the

endless film by placing toner particles in close proximity to

or bringing the toner particles into contact

with the endless

£film; a back electrode and a heater disposed inside the endless

film; a pressure roller opposed to the heater with respect to

the endless film; and a discharge unit, disposed outside the

endless film, for discharging the latent electrostatic image.

As is obvious, according to the second aspect

the endless film

can be formed by depositing a thin heat-resistant dielectric
layer on the surface of a thin conductive endless film, in
which the back electrcde according to the first aspect of the

invention can be omitted.
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surface of the |ayer 75.
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Fig. 1 is a longitudinal sectional view showing the

construction of a printer constructed in accordance with a

first embodiment of the inventionh;

Fig. 2 is a partially broken perspective view of an ion-

current control head . used in the printer of Fig. 1;

Fig. 3 is a longitudinal sectional view showing a second

embodiment of the invention;

Fig. 4 is a longitudinal sectional view showing a third

embodiment of the present invention;

Fig. 5 is a plane view of a multistylus-head used in a

fourth embodiment of the present invention;

Fig. 6 is a longitudinal sectional view showing an endless

film, on which is formed a latent electrostatic image, used in

the fourth embodiment of the present invention; and

——
———
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Fig. 7 is a longitudinal sectional view showing the

construction of a printer constructed in accordance with a

fourth embodiment of the invention.

Preferred embodiments of the present invention will now be
described in detail.

Fig. 1 is a longitudinal sectional view showing the
construction of a printer constructed in accordance with a
first ehbodiment of the pfesent invention.

An endless thin film 1, which has an dielectric property
and bears a latent electrostatic image thereon, is supported by
a transfer mechanism 2 including a drive roller 21 coupled with
a drive source (not shown) and a tension roller 22, and is
turned in the direction of an arrow "a". A back electrode 3
and a heater 4 are disposed within the loop of the endless film
1. Outside the loop of the endless film 1 are disposed an ion-
current control head S5, a-developing unit 6, a pressufe roller
7, and a charge removal unit 8. The ion-_—current control head
5, which performs the function of an electrostatic recording
head, is located in opposition to the back electrode 3. The
developing unit 6 is located in opposition to the tension
roller 22. The pressure roller 7 is opposed to the heater 4.
The charge removal unit 8 is opposed to the drive roller 21.
The ion-current control head § applies ion beams selectively to

the endless film 1 so that a latent electrostatic image is
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formed on the endless film. The. latent image is rendered
visible with toner particles by the developing unit 6. The
toner image formed is heated and fused by t}me heater 4 through
the endless film 1. At the same time, the toner image is
transferred to a recording medium, such as paper, and the
transferred toner image is pressed against the medium to be
permanently fixed thereon. After the fixing process, the
discharge unit 8 removes the charge left on the surface of the
endless film 1. | “

The latent-image bearing film 1 is an endless film composed
of two layers, a base layer and a surface layer. The base
layer is a polyamide film 20 um thick, which has properties of
a high resiliency and small variation of its geometry under
high temperatures. Such properties are required in order to
obtain a stable transfer film. The surface layer is made of
silicon resin or fluorine plastic, which exhibits excellent
mold release characteristics when the toner is fused. The
surface layer is coated with the material to form the surface
layer having a thickness of 10 um thereover. The endless film
l, consisting of the base and surface layers, is capable of
retaining ions thereon that are irradiated by the ion-current
control head. The portion of the endless film 1 exposed to the
ion-current can hold a surface potential of several tens to
several hundred volts, which is high enough to develop the
latent image in the next stage with respect to the potential of

the back electrode 3.
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Fig. 2 is a partially broken perspective view of the ion-
current control head 5. The ion-current control head 5
includes an ion generator 51 and an ion-current control plate
52 for controlling ion deposition on the endless film 1. The
ion-current control plate 52 is constructed such that
electrodes 54 and 55 are mounted on both sides of an insulating
board 53, and holes 56, formed in the insulating board, are
arrayed in zig-zag fashion. The humber'of holes 56 is equal to
the number of recording dots. The ion-current control plate 52
is arra;ged parallel to the endless film 1, with the gap
therebetween being in the range of 0.3 to 1.5 mm. In other
words, the endless film 1, disposed directly under the ion-
current control plate 52, is not curved with respect to the
plate. Therefore, the projected images of the fluxes of ions
projected through the holes 56 are all the same, irrespective
of the locations of the holes.

A latent electrostatic image recorded on the endless film
by the ion-current control head 5 1is developed by the
developing unit 6. The tension roller 22, which is opposed to
the developing unit 6 with respect to the endless film 1 and
which has a surface made of conductive material, for example,
metal, performs two functions, one to transfer the endless film
1 and the other to provide a back electiode for the developing
process. The back electrode 3, opposed to the ion-current
control head 5, is connected to the tension roller 22, and the

two electrodes are held at the same potential. The developing
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unit 6 contains toner 61 in the form of a resin powder

containing coloring agent. A fixed amount of toner 61 1is
magnetically or electrostatically attracted to a sleeve 62 of
the developing unit. The sleeve 62 bearing the toner 61 turns
to bring the toner in close proximity to or in contact with the
endless film 1. An electric field is developed between the
endless film 1 and the sleeve 62, to which a preset voltage is
applied. Under the electric field, the toner sticks onto the
endless film 1, thereby to form a toner image 63.

The toner image 63 is heated and fused by the heater ¢
through the endless film 1, while at the same time pressed
against a record media 9 by the pressure roller 7. The media
9, together with the endless film, is transferred by the
pressure roller 7. The fused toner image gets tangled with
fivers of the record media 9 and is forced into the spaces
among the fibers, generating an adhesive force between the
media 9 and the toner image 63.

The surface layer of the endless film 1 is formed of
silicon resin or fluorine plastic which, as described above,
has excellent mold release characteristics. Accorxdingly, thé
adhesive force between the heated area of thé endless film 1
and the fused toner image 63, as considered from the viewpoint
of interfacial chemistry, is smaller than the cohesive force of
the toner and the adhesive force between the media 9 and the
toner image 63. The fused toner image 63 is completely

transferred from the endless film 1 to the media 9. When the
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toner image 63 on the media 9, which is entangled with the
fibers of the media and pushed into the spaces among the
fibers, leaves the region where it is thermally influencéd by
the heat from the heater 4 and the toner temperature drops, the
toner image 63 is hardened and fixed to the medium 9. In this
way, the toner image 63 is transferred to and fused to the
medium 9 all at once.

Generally, conventionally used bhotoreceptive materials
used as a latent electrostatic an image bearing member can be
degradeci by heat. It is for this reason that the heating
device, such as a fusing unit, had to be installed spaced away
from the photoreceptor. However, with the present invention
using the dielectric film 1, which has a high heat resiétance ’
rather than a plain photoreceptive material, as the latent
electrostatic image bearing member, allows the latent
electrostatic image bearing member to be directly heated. This
realizes a one-stage transferring/fixing operation.

The media 9 is transferred while being nipped between the
pressure roller 7 and the endless film 1. There is no need for
using a rotating heated roller containing a bar-like halogen
lamp for the heater 4.

In this emﬁodiment, the toner image 63 is heated and fused
in such a manner that a ceramic heater 42 supborted by a
thermal insulating resin 41 is brought into contact with the

; endless film 1. The heat capacity of the heater using the

ceramic heater 42 is smaller than that of a heater using the
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heated roller. Accordingly, the former is superior to the

latter in that the warm-up time required to

increase

temperature of the heater 4 a preset temperature is short, and

the power consumption of the image forming apparatus is

reduced.

Conductive toner provides easy development, but presents a

difficulty with respect to its electrostatic transfer to plain

paper. For this reason, use of only special paper, e.g., high

resistance paper, has conventionally been permitted for the

recording medium. In other words, plain paper cannot be used.

However, it is noted that in this embodiment,

since no

electrostatic force is used for the image transfer, plain paper

can be used, even if a conductive toner is used.

In this embodiment, since no toner is left on the endless

£film 1, neither a cleaning blade for wasting the residual toner

from the endless film nor a receptacle for receiving waste

toner is required.

In the fixing process using only pressure and not heat, a

strong linear pressure load must be applied to the medium, as

a result of which the medium bearing the image thus fixed has

an unnatural luster. It is noted though that in this

embodiment, the transfer and fixing processes of the toner

image concurrently progress while the toner image is heated and

fused. Therefore, the medium has no unnatural luster.

The discharge unit 8 is a conductive rubber roller 81

disposed in opposition to the drive roller 21. The surface of




Because, with the invention, the transferring and ﬂlengmepePa%kogs
performed at the tine when the toner image is heatéd;and fuse ~1 | tiher
tansfer unit nor a fixing unit separated by a presérlbéHUdﬁ%%ané% thtre
bet ween need be provided. Further, in the inven- tilon, no-toner_isll

the need of a clean- ing blade or a waste toner receplan

the drive roller 21 is made of conductive material, similar to
the tension roller 22, and is connected to the back electrode
3, while being held at the same potential. An AC voltage of
300 to 1000 V in amplitude and 400 to 2000 Hz in frequency
superposed on a DC voltage of 50 to 400 V is applied to the
conductive rubber roller 81, with the surface potential of the
tension roller 22 as a reference potential. With the
application of such voltage, the surface potential of the
endless film 1 bearing the latent electrostatic image is
initialized. A conductive rubber roller covered with an
insulating layer may be used for the discharge unit.

Fig. 3 is a longitudinal sectional view showing a second
embodiment of the present invention.

A conductive rubber belt 31, which serves also as a back
electrode, is wound around the drive roller 21 and the tension
roller 22. The endless film 1 bearing the latent electrostatic
image is applied to the rubber belt wound around the rollers.
In the first embodiment, the tension roller 22 is disposed at
a location opposed to the developing unit 6, and the drive
roller 21 is disposed at a location opposed to the discharge
unit 8.

In the second embodiment, however, the drive roller 21 is
installed at the location where the tension roller 22 is
installed in the first embodiment, and vice versa. The rubber

belt 31 also serving as the back electrode is driven in the

direction of an arrow "b" by the drive roller 21. The rubber
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belt 31 is tensioned in the region facing the ion-current
control head 5. The endless film 1 is transferred between the
rollers 21 and 22 while being in a close contact with the
rubber belt 31, thereby stably maintaining a fixed gap between
the ion-current control plate 52 of the head 5 and the endless
film 1. |

The conductive rubber belt 31 has two functions, one to
transfer the endless film 1 and the other to act as the back
electrode in the stages of fdiming the latent image,
developﬁent, and discharge. Accordingly, there is no need for
using a conductive material for the surfaces of the drive
roller 21 and the tension roller 22. '

The remaining construction and operation of the second
embodiment are substantially the same as those of the first
embodiment, and hence no further description thereof will be
given here.

Fig. 4 is a longitudinal sectional view showing a third
embodiment of the invention.

The endless film 1 bearing the latent electrostatic image
used in this embodiment is constructed such that an endless
film, which has a thickness of 30 pm and is formed of
copper or nickel through an electroprinting process, is coated
with silicon resin or fluorine plastic to form a resin layer
having a thickness of 20 um. The latent electrostatic image
can be formed without the additional back electrode. The

surfaces of the drive roller 21 and the tension rollex 22,
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which are respectively disposed opposed to the discharge unit

and the developing unit, are not necessarily made of conductive
material. The remaining construction and operation of the
present embodiment are substantially the same as those of the
first embodiment, and hence a further detailed description will
be omitted.

Figs. 5-7 shows a fourth embodiment of the present
invention. Fig. 5 shows a plane view of a multistylus-head 100
used in the fourth embodiment. In the multistylus-head 100,
main electrodes 71 and auxiliary electrodes 72 are embedded in
the structural material 73 having & dielectric character, in
such a manner that the main electrodes 71 is aligned at a
predetermined interval on a single line and the auxiliary
electrodes 72 are arranged at a predetermined interval on two
lines. The auxiliary electrodes 72 are disposed on the both
sides of the main electrodes 71 in parallel at a predetermined
interval. Each end sﬁrfaces of the main electrodes 71, the
auxiliary electrodes 72 and the structural material 73 belongs
in the same plane. Fig. 6 shows a cross-sectional view of an
endless film 1, on which is formed a latent electrostatic
image, used in the fourth embodiment of the present invention.
The endless film 1 comprises a dielectric layer 75, an electro-
conductive layer 76 and a base layer 77. One side surface of
the base layer 77 is bonded to one side surface of the electro-
conductive layer 76 having a lower resistance character

(surface resistance 10° - 10'°Q), and the other side surface of

e
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the electro-conductive layer 76 is bonded to one side surface
of the dielectric layer 75. Particulates 74 having a
dielectric character are adhered to the other side surface of
the dielectric layer 75. In Fig. 7, the endless film 1 bearing
the latent electrostatic image is mounted in such a manner that -
the base layer 77 is directed to an inner side, that is, the
base layer is brought in contact with the drive roller 21,
tension roller 22 and the heater 4. In addition, the
multis;ylus-head 100 is disposed so as to direct the sectional
surfacé'shown in Fig. 5 downward, and the multistylus-head 100
is confronted with a surface of the dielectric layer 75 of the
endless film 1 so as to bring the head 100 into contact with
the surface of the layer 75. The remaining construction and
operation of the present embodiment are substantially the same
as those of the first embodiment, and hence a further detailed
description will be omitted.

An electrostatic latent image is formed by utilizing a
well-known technique, for example, described in "the Voltage
Coincident Method, Matrix aND, and so on" (Héad Copy
Technology, edited by Japan Industrial Technologie Center,
1981). A development is conducted by applying a predetermined
voltage to the sleeve 62. A voltage applying to the sleeve 62
when the base layer 77 has an electro-conductive character is
different from a voltage applying to the sleevé 62 when the

"base layer has a dielectric character. Off course, the voltage

is selected in such a manner that the voltage applying to the
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sleeve 62 when the base layer 77 has a dielectric character is

larger than the voltage applying to the sleeve 62 when the base
layer 77 has a conductive character. The remaining
construction and operation (Transfer Mechanism and so on) of
the present embodiment are substantially the same as those of
the first embodiment, and hence a further detailed description
will be omitted.

In the fourth embodiment of the present invention, the

multistylus~head with the same plane control is used, it may be

possible"to use a multistylus-head with a single plane control
or a double plane control (as described by Tokurou Yasuda, A
characteristic of a electrostatic recording paper, edited by
Electrostatic Academy, 9, 4, page 246-256, 1986).

In the image forming apparatus of the invention; the latent
electrostatic image forming head is disposed in close proximity
to a planar stretch of the endless belt bearing the latent
electrostatic image. By virtue of this construction, the dots
which make up the latent electrostatic images, which are formed
by respective recording electrodes having holes each forming
one dot as a picture element, are uniform in size and shape if
the recording electrodes are arrayed in a zig-zag fashion.

In the invéntion, the latent electrostatic image bearing
nmember is formed of an endless film having dielectric and heat-
resistance properties, not a photoreceptor. Therefore, the

image bearing member may be directly heated, so that
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transferring and fixing of the toner image to the media can be
concurrently performed.

Because, with the invention, the transferring and fixing
operations are performed at the time when the toner image is
heated and fused, neither a transfer unit nor a fixing unit
separated by a prescribed distance therebetween need be
provided. Further, in the inventién, no toner is left on the
endless film after the transfer of the latent image. This
eliminates the need of a cleaning blade or a waste toner
recept;cle. In addition, no space for the optical path is
needed, leading to a reduction of the overall size of the image

forming apparatus.
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CLAIMS
1. An image forming apparatus comprising:

an endless loop of a thin £film (1) for bearing a
latent electrostatic image, said endless film (1)

being made of a material having both heat-resistant
and dielectric properties;

a transfer mechanism (2) for driving said endless
loop of said thin film (1) along a closed path;

a latent electrostatic image recording head, disposed
outside said loop of said thin f£film (1), for
recording a latent electrostatic image on said thin
film (1);

a developing unit (6), disposed outside said loop of
said thin film (1), €£for developing the latent
electrostatic image on said endless film (1) by
placing toner particles (61) in close proximity to
or bringing toner particles (61) into contact with
said thin film (1);

a back electrode (3) and a heater (4) disposed inside
said loop of said thin film (1);

a pressure roller (7) opposed to said heater (4) with
respect to said thin film (1); and

a discharge unit (8), disposed outside said loop of
said thin f£film (1), for discharging the latent
electrostatic image. '
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2. An image forming apparatus comprising: REPLACEMENT SHEET

an endless loop of a thin film (1) for bearing a
latent electrostatic image, said endless f£film (1)
comprising a conductive film (76) and a dielectric
layer (75) formed on said conductive film (76);

a transfer mechanism (2) for driving said endless
loop of said thin film (1), along a closed path;

a latent electrostatic image recording head, disposed
-outside said loop of said thin film (1) for recording
a latent electrostatic image on said thin film (1);

a developing unit (6) disposed outside’ said loop of
said thin film (1) for deveioping the latent
‘electrostatic image on said thin film (1) by placing
toner particles (61) in close proximity to or
bringing toner particles (61) into contact with said
thin £film (1);

a heater (4) disposed inside said loop of said thin
film (1);

a pressure roller (7) opposed to said heater (4) with
respect to said thin film (1); and

a discharge unit (8) disposed outside said loop of
said thin film (1), for discharging the latent
electrostatic image.

3. The image forming apparatus of claim 1, wherein said thin
film is formed of a base layer of a polyamide film and a
surface layer made of a material selected from the group
consisting of silicon resin and fluorine plastic.

—— -
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4., The image forming apparatus of claim 3, wherein said base

layer has a thickness of approximately 20 um and said
surface layer has a thickness of approximately 10 pm.

5. The image forming apparatus of one of claims 1 to 4
wherein said recording head comprises a planar ion-
current control plate (52) having a plurality of ion-
ejecting holes (56) formed therein, said ion-current
control plate (52) being disposed adjacent to and
parallel to a planar run of said loop of said thin film

(1).

6. The image forming apparatus of claim 5, wherein there is
a gap in a range of .3 to 1.5 mm between said ion-current
control plate (52) and said thin film (1).

7. The image forming apparatus of one of claims 1 or 3 to 6
wherein said back electrode (3) comprises a conductive
planar plate-like member disposed inside said loop of
said thin film (1) opposite said recording head.

8. The image forming apparatus of one of claims 1 to 7
wherein said transfer mechanism (2) comprises a drive
roller (21) and a tension roller (22).

9. The image forming apparatus of claim 8 wherein said
tension roller (22) has a conductive outer surface at a
potential equal to a potential of said back electrode

(3)-

10. The image forming apparatus of one of claims 1 to §
wherein said developing unit (6) comprises a sleeve (62)
disposed outside said loop of said thin film (1) opposite
said tension roller (22), said sleeve (62) being at a
potential sufficiently different from said potential of.
said tension roller (22) to create an electric field

———— .
———
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between said conductive sleeve (62) and said tension
roller (22) to transfer toner particles (61) from said
sleeve (62) to said thin film (1).

11. The image forming 'apparatus of one of claims 1 to 10
wherein said heater (4) comprises a ceramic heater (42)
supported by a thermal insulating resin (41).

12. The image forming apparatus of one of claims 1 to 11
wherein said discharge unit (8) comprises a conductive
rubber roller (81) disposed opposite said drive roller
(21) .,

13. The image forming apparatus of claim 12 wherein an AC
voltage 100 to 1000 volts in amplitude and 400 to 2000 Hz
in frequency superposed on a DC voltage 50 to 400 volts
in amplitude is applied to said conductive rubber roller
(81).

14. The image forming apparatus of one of claims 1 or 3 to 13
wherein said back electrode (3) comprises a conductive
rubber belt (31), said endless loop of said thin film (1)
being applied over said conductive rubber belt (31).

15. The image forming apparatus of one of claims 1 to 14
wherein said transfer mechanism (2) comprises a drive
roller (21) and a tension roller (22), said tension
roller (22) being disposed opposite said discharge unit
(8) and said drive roller (21) being disposed opposite
said developing unit (8).

16. The image forming apparatus of one of claims 1 to 15
wherein said developing unit (6) comprises a sleeve (62)
disposed outside said loop of said thin film (1) opposite
said drive roller (21), said sleeve (62) being at a
potential sufficiently different from said potential of

This Sheet Has Been Rep

A

. i
YT CLEET L ACS BET v
PHIS SHEET HAS BERM |

,’ ’,,l REPLACED :




-

9. The image form ng _apparatus of claim8, wherein sai
conprises a sleeve di sposed outsi GWa‘rd | oop of said thiin film oppo

said tension roller, mﬂmﬂm at a potential gufifiEseygi. yoos i
different fromsaid p ﬁmﬁl m’tensmn roller t¢ ¢reate an el ectr

BERINCENEN G SET
Sikt

(SN

field between said confucti ve ¢l eever and sa@pd- t ensi on 1 oMer—to—transf erx '

toner particles fromsaid sleeve to said thin film

17.

180

19.

20.

21.

| DEPLACEMENT SHEET

said rubber belt (31) to create an electric field between
said conductive sleeve (62) and said rubber belt (31) to
transfer toner particles (61) from said sleeve (62) to
gsaid thin film (1). '

The image forming apparatus of one of claims 2 to 16
wherein said thin conductive film (76) is formed from a
material selected from the group consisting of copper and
nickel, and said thin dielectric layer (75) formed on
said conductive film (76) is formed from a material
selected from the group consisting of silicon resin and
fluorine plastic.

The image forming apparatus of one of claims 2 to 17
wherein said conductive film (76) has a thickness of
approximately 30 um and said dielectric layer (75) has a
thickness of approximately 20 pm. '

The image forming apparatus of one of claims 1 to 18
wherein said recording head comprises a planar ion-
current control plate (52) having a plurality of ion-
ejecting holes (56) formed therein, said ion-current
control plate (52) being disposed adjacent a planar run
of said loop of said thin f£ilm (1).

The image forming apparatus of claim 19, wherein there is
a gap in a range of 0.3 to 1.5 mm between said ion-
current control plate (52) and said thin film (1).

The image forming apparatus of one of claims 1 to 20
wherein said developing unit-(6) comprises a sleeve (62)
disposed opposite outside said loop of said thin film (1)
opposite said tension roller (22), said sleeve (62) being
at a potential sufficiently different from the potential
of said conductive film (1) to create an electric field
between said conductive sleeve (62) and said conductive
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film (1) to transfer toner particles (61) from said

sleeve (62) to said thin film (1).
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ABSTRACT

There is provided an image forming apparatus including a thin
endless £film (1) on which is formed a latent electrostatic
image, the endless film (1) having heat-resistant and
dielectric  properties, a transfer mechanism (2) for
transferring the. endless film (1), a latent electrostatic
image recording head disposed outside the endless film (1),
for recording a latent electrostatic image on the endless
film (1), a developing unit (6) disposed cutside the endless
film (1) for developing the latent electrostatic image on the
endless film (1) by placing toner particles (61) in close
proximity to or bringing the toner particles (61) into
contact with the endless film (1), a back electrode (3) and a
heater (4) disposed inside the endless film (1), a pressure
roller (7) opposed to the heater (4) with respect to the
endless film (1), and a discharge unit (8) disposed outside
the endless film (1) for discharging the latent electrostatic

image.

Figure. 1
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out,side said |oop of said thin film for recording a | atent

i mege on said thin film a .developing unit, disposed outside
said thin film for devel oping the |atent el ectrostatic I mag
filmby placing toner particles in close proximty to or bri
particles into contact with said thin film a pressure roller
outside of said | oop of said -1 -
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BACKGROUND OF THE INVENTION

In a conventional image forming apparatus, a photo-
receptor drum having photoconductive properties is
uniformly charged and selectively exposed so that a
latent electrostatic image is formed on the photorecep-
tor. The latent electrostatic image is developed with
toner particies to form a toner image on the photorecep-
tor. Subsequently the toner image is clectrostatically
transferred from the photoreceptor to a recording me-
dium such as paper. The record medium bearing the
toner image is passed through a fusing/fixing unit in-

cluding a pressure roller and a hester roller so that the
R ' toner image is fixed on the media

In another conventional image forming apparatus,
without the exposure process, a {atent clectrostatic
mge is directly formed on a dielectric drum by an
ion-current control head known as a latent electrostatic
image recording head. The latent electrostatic image
formed on the dielectric drum is developed to form 2
toner image on the dielectric drum. The toner image is
transferred and fixed to a record medium using a pres-
sure roller. (See, for example, “Imaging,” part 2, p. 209,
edited by Electrophotography Academy).

The image forming apparatus using the photorecep-
tor drum requires a prescribed length of an optical path
from the exposing stage to the drum surface of the pho-
toreceptor. Since the transfer stage and the fixing stage
arc scparately mounted, the transfer unit and the fixing

. unit must be separately installed. Because of the possi-

bility of degrading the performance of the photorecep-
tor drum due to heat, it is difficult to install the photore-
ceptor in close proximity to the fixing umit. For the
shove two reasons, reduction of the overall size of the
image forming apparatus is. difficult. Further, 100%
transfer efficiency is impossible. Owing to this, toner is
inevitably left on the photoreceptor. For removing the
residual toner, a cleaner must be provided. For receiv-
ing the toner removed by the cleaner, & waste toner
receptacie must be provided.

In an image forming apparatus using an 1on-cnrrent
control head, recording clectrodes with holes for form-
ing dots as picture elements (pixels) are arrayed in a
zig-zag fashion. The dielectric drum, however, has a
certain curvature. These two facts make it difficult to
obtain uniform sizes and shapes of all the dots. Addi-
tionaily, use of the pressure fixing process causes am
unnatural luster on the record medium.
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SUMMARY OF THE INVENTION

The present invention has been made in view of the
above circumstances and has an object the provision of
an image forming apparatus which is capable of forming
dots all having the same size and shape, and of concur-
rently performing the transfer and fixing processes
without entailing the residual toner after the transfer
and the unnatural luster, and does not require the space
for securing the prescribed length of the aptical path,
the cleaner, and the waste toner receptacie, and conse-
quently is small in size. )

To achieve the above object, the first imvention pro-
vides an image forming apparatus comprising: a thin
endless film on which is formed a latent electrostatic
image, the endless film having heat-resistance and di-

_electric properties; a transfer mechanism for transfer-

ring the endless film: a latent electrostatic image record-
ing head, disposed outside the endless film, for record-
ing a latent electrostatic image on the endless film; a
developing unit, disposed outside the endless film, for
developing the latent electrostatic image on the endless
film by placing toner particles in close proximity to, or
bringing the toner particles into contact with, the end-
less film; a back electrode and a heater disposed inside
the endless film; a pressure roller opposed to the heater
with respect to the endless film; and a discharge unit,

* disposed outside the endless film, for discharging the

latent electrostatic image.

The invention also provides an image forming appa-
ratus comprising: a thin endless film for bearing a latent
clectrostatic image, the endless film being formed by
depositing a thin heat-resistant dielectric layer on the
surface of a thin, conductive endless film; a transfer
mechanism for transferring the endless film; a latent
electrostatic image recording head, disposed outside the
endless film, for recording a latent electrostatic image

on the endless film; a developing unit, disposed outside -

the endless film, for developing the latent electrostatic

image on the endless film by placing toner particles in -

close proximity to, or bringing the toner particles into
contact with, the endless film; a back electrode and a
heater disposed inside the endless film; a pressure roller
opposed to the heater with respect to the endless film;
and a discharge unit, disposed outside the endless film,
for discharging the latent electrostatic image.

BRIEF DESCRIPTION OF THE DRAWINGS



and said pressure roller, a nipped area being de- fined by—afmrarea of
cantact between a recordi ng sheet and said pressure rol | dr REABACHRET SHEL]
recordi ng sheet is passed between said thin filmand said pres=—7sure '
roller, said heater being in contact with a por- tion of jEI @s—ipe s Ma(be

of said thin filmwhich is in opposition to said nipped afea, at
portions of said inside surface bei ng__ié'u_a non- cont act stptle—w-th

FIG. 1 is a longitudinal sectional view showing the
construction of a printer constructed iz accordance
with a first embodiment of the invention;

FIG. 2 is a partially broken perspective view of an
ion-current control head 5 used in the printer of FIG. 1;

FIG. 3 is 2 longitudinal sectional view showing a
second embodiment of the invention;

FIG. 4 is a longitudinal sectional view showing a

; third embodiment of the present invention;

FIG. § is a plane view of a multistylus-head used ina
fourth embodiment of the present invention;

FIG.6isa long:mdmal sectional view showing an

o endless film, on which is formed a latent electrostatic
=’ - image, used in the fourth embodiment of the present
. invention; and -

FIG. 7 is a longitudinal sectional view showing the
construction of a printer constructed in accordance
with a fourth embodiment of the invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Preferred embodiments of the present invention will
pow be described in detail.

FIG. 1 is a longitudinal sectional view showing the -
construction of s printer constructed in accordance
with 2 first embodiment of the present invention.

An endless thin film 1, which has dielectric properties
and bears a latent electrostatic image thereon, is sup-
ported by a transfer mechanism 2 including a drive
roller 21 coupled with a drive source (not shown) and a
tension roller 22, and is turned in the direction of an
arrow “a”. A back electrode 3 and a heater 4 are dis-
posed within the loop of the endless film 1. OQutside the
loop of the endless film 1 are disposed an ion-current
control head §, a developing unit 6, a pressure roller 7,
and a charge removal unit 8. The ion-current control
head S. which performs the function of an electrostatic .
recording head, is located in opposxtxon o the back
electrode 3, The developing unit € is located in opposi-
tion to the tension roiler 22, The pressure roller 7 is
opposed to the heater 4. The charge removal unit 8 is
opposed to the drive rolier 21. The ion-current control
head S applies ion beams selccnvcly to the endless film
1 so that a latent electrostatic image is formed on the
endless film. The latent image is readered visible with
toner particles by the developing unit 6. The toner
image formed is heated and fused by the heater 4
through the endless film 1. At the same time, the toner
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image is transferred to a recording medium, such as
paper, and the transferred toner image is pressed against
the medium to be permanently fixed thereon. After the
fixing process, the discharge unit 8 removes the charge

_ left on the surface of the endless flm 1.

The latent-image bearing film 1 is an endless film
compased of two laycrs, a base layer and a surface
layer. The basc layer is a polyamide film 20 pm thick,
which bas properties of a high resiiency and small
variation of its geomictry at high temperatures. Such
properties are required in order to obtain a stable trans-
fer film. The surface layer is made of silicon resin or

fluorine plastic, which exhibits excellent mold release -

characteristics when the toner is fused. The base layer is
coated with the material to form the surface layer hav-
ing a thickness of 10 um thereover. The endless film 1,
consisting of the base and surface layers, is capable of
retaining ions thereon that are irradiated by the ion-cur-
rent control head. The portion of the endless film 1
exposed 10 the ion-current can hold a surface potential
of several tens to several hundred volts, which is high
enough to develop the latent image in the next stage,
with respect to the potential of the back electrode 3.

FIG. 2 is a partially broken perspective view of the
ion-current control head 5. The ion-current control
head 5 includes an ion generator 51 and an ion-current
control plate 52 for controlling ion deposition on the
endless film 1. The ion-current control plate 52 is con-
structed such that electrodes 54 and 55 are mounted on
both sides of an insulating board 53, and holes 56,
formed in the insulating board, are arrayed in zig-zag
fashion. The number of holes 56 is equal to the number
of recording dots. The ion-current control plate §2 is
arranged parallel to the endless film 1, with the gap
thercbetween being in the range of 0.3 to 1.5 mm. In
other words, the endless film 1, disposed directly under
the ion-current control plate 52, is not curved with
respect to the plate. Therefore, the projected images of
the fluxes of ions projected through the holes 56 are all
the same, irrespective of the locations of the holes.

A latent electrostatic image recorded on the endless

“film by the ion-current conurol head s is developed by

the developing unit 6. The tension roller 22, which is
opposed to the developing unit 6 with respect to the
endless film 1 and which has a surface made of conduc-
tive material, for example, metsl, performs two func-
tions, one t0 transfer the endless film 1 and the other to
provide a back electrode for the developing process.
The back electrode 3, opposed to the ion-current con-
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* trol head §, is connected to the tension roller 22, and the

" two electrodes are held at the same potential. The de-
veloping unit 6 contains toner 61 in the form of a resin
powder containing coloring agent. A fixed amount of
toner 61 is magnetically or clectrostatically attracted to
a sleeve 62 of the developing unit. The sleeve 62 beaning
the toner 61 turns to bring the toner in close proximity
to or in contact with the endless film 1. An electric field
is developed between the endless film 1 and the sieeve
62, to which a preset voltage is applied. Under the elec-
tric field, the toner sticks onto the endless film 1,
thereby to form a toner tmage 63.

The toner image 63 is heated and fused by the heater
4 through the endless film 1, while at the same ume
pressed against a record media 9 by the pressure rolier
7. The media 9, together with the endless film, is trans-
ferred by the pressure roller 7. The fused toner image
gets tangled with fibers of the record media 9 and is
forced into the spaces among the fibers, generating an
adhesive force berween the media 9 and the toner image
63.

The surface layer of the endless film 1 is formed of
silicon resin or fluorine plastic which, as described
above, has excellent mold release characteristics. Ac-
cordingly, the adhesive force between the heated area
of the endless film 1 and the fused toner image 63, as
considered from the viewpoint of interfacial chemistry,
is smaller than the cohesive force of the toner and the
adhesive force between the media 9 and the toner image
63. Thus, the fused toner image 63 is completely trans-
ferred from the endless film 1 to the media 9. When the
toner image 63 on the media 9, which is entangled with
the fibers of the media and pushed into the spaces
among the fibers, leaves the region where it is thermally
influenced by the heat from the heater 4 and the toner
temperature drops, the toner image 63 is hardened and
fixed to the medium 9. In this way, the toner image 63
is transferred to and fused to the medium 9 ail at once.

Generally, conventionally used photoreceptive mate-
rials used as a latent electrostatic image bearing mem-
bers can be degraded by heat It is for this reason that
the heating device, such as a fusing unit, had to be in-

~ stalled spaced away from the photareceptor. However,
the present invention using the diclectric film 1, which
has a high heat resistance, rather than a plain photore-
ceptive material, as the latent electrostatic image bear-
ing member, allows the latent electrostatic image bear-

- ing member to be directly heated. This realizes a one-
stage transferring/fixing operation.
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The media 9 is transferred while being nipped be-
tween the pressure rofler 7 and the endless film 1. There
is no need for using a rotating heated roller containing
& bar-like halogen lamp for the heater 4. _

In this embodiment, the toper image 63 is heated and
fused in such a manner that a ceramic heater 42 sup-
ported by a thermal insulating resin 41 is brought into
contact with the endless film 1. The heat capacity of the
heater using the ceramic heater 42 is smaller than that of
a heater using the heated roller. Accordingly, the for-

mer is superior to the latter in that the warm-up time .

required to increase temperature of the heater 4 w0 a
jpreset temperature is short, and the power consumption
of the image forming apparatus is reduced.

Conductive toner provides easy development, but
presents a difficulties with respect to its electrostatic
transfer to pisin paper. For this reason, use of only
special paper, e.g., high resistance paper, has conven-
tionally been permitted for the recording medium. In
other words, plain paper cannot be used. However, itis
poted that in this embodiment, since no electrostatic
force is used for the image transfer, plain paper can be
used, even if a conductive toner is used.

In this embodiment, since no toner is left on the end-
less film 1, neither a cleaning blade for scraping the
residual toner from the endless film nor a receptacle for
receiving waste toner is requxr:d

In the fixing process using only pressure and not heat,
a strong linear pressure load must be applied to the
medium, as a result of which the medium bearing the
image thus fixed has an unnatural luster. It is noted
though that in this embodiment, the transfer and fixing
processes of the toner image concurrently progress
while the toner image is heated and fused. Therefore,
the medium has no unnataral luster.

The discharge unit 8 is a conductive rubber roller 81
disposed in opposition to the drive rolier 21. The sur-

face of the drive roller 21 is made of conductive mate--

rial, similar to the tension roller 22, and is connected to

the back eclectrode 3, while being held at the same po- .

tential. An AC voltage of 300 to 1000 V in amplitude
and 400 to 2000 Hz in frequency superposed on a DC
voltage of 50 to 400 V is applied to the conductive
rubber roller 81, by voltage supply 100 with the surface
potential of the tension roller 22 as a reference potential.
With the application of such voltage, the surface poten-
tial of the endless film 1 bearing the latent electrostatic
image is initialized. In the alternative conductive rubber
roller covered with an insulating layer may be used for
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the discharge unit.

FIG. 3 is a longitudinal sectional view showing a
second embodiment of the present invention.

A conductive rubber belt 31, which serves also as a
back electrode, is wound around the drive roller 21 and
the tension roller 22. The endless film 1 bearing the
latent electrostatic image is applied to the rubber belt
wound around the roflers. In the first embodiment, the
tension roller 22 is disposed at a location opposed to the
developing unit 6, and the drive roller 21 is disposed at
a location opposed to the discharge unit 8.

In the second embodiment, however, the drive roller
21 is instailed at the focation where the tension roller 22
is installed in the first embodiment, and vice versa. The
rubber belt 31 also serving as the back electrode is
driven in the direction of an arrow “b” by the drive
roller 21. The rubber belt 31 is tensioned in the region
facing the ion-current control head 5. The endless film
1 is transferred between the rollers 21 and 22 while
being in a close contact with the rubber belt 31, thereby
stably maintaining a fixed gap between the ion-current
control plate 52 of the head § and the endless film 1.

The conductive rubber belt 31 has two functions, one
to transfer the endless film 1 and the other to act as the
back electrode in the stages of forming the latent image,
development thereof, and discharge of the endless films.
Accordingly, there is no need for using a coaductive
material for the surfaces of the drive roller 21 and the
tension roller 22.

The remaining construction and operation of the
second embodiment is substantially the same as the first
embodiment, and bence no further description thereof
will be given here.

FIG. 4 is a longitudinal sectional view showing a
third embodiment of the invention.

The endless film 1 bearing the latent clectrostatic
fmage used in this embodiment is constructed such that
an endless film, which has a thickness of 30 pm thick
and is formed of copper or mickel through an electro-
printing process, is coated with silicon resin or fluorine
plastic to form a resin layer having a thickness of 20 pm.
The latent clectrostatic image can be formed without
the additional back electrode. The surfaces of the drive

. roller 21 and the tension roller 22, which are respec-

tively disposed opposed to the discharge unit and the
developing unit, are not necessarily made of conductive
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material. The remaining construction and operation of
the present third embodiment is substantially the same
as the first embodiment, and hence a further detailed
description will be omitted.

FIGS. 5-7 shows a fourth embodiment of the present
inveation. FIG. § shows a plane view of 2 multistylus-
head 100 used in the fourth embodiment. In the mulds-
tylus-head 100, main electrodes 71 and auxiliary elec-
trodes 72 are embedded in the structural material 73
having a dielectric character, in such a manner that the
main electrodes 71 are aligned at a predetermined inter-
val on a single line and: the auxiliary electrodes 72 are
arranged at a predetermined interval in two lines. The
auxﬂxa.ry electrodes 72 are disposed on both sides of the
main electrodes 71 in parallel at 2 predetermmed inter-
val. Each end surface of the main electrodes 71, the
auxiliary electrodes 72 and the structural material 73 lies
in the same plane. FIG. § shows a cross-sectional view
of an endless film 1, on which is formed a latent electro-
static image, uvsed in the fourth embodiment of the pres-
ent invention. The endless film 1 comprises a dielectric
layer 75, an electroconductive layer 76 and a base layer
77. One side surface of the base layer 77 is bonded to
one side surface of the electroconductive layer 76 hav-
ing a lower resistance character (surface resistance 104-
1019Q), and the other side surface of the electro-con-
ductive layer 76 is bonded to one side surface of the
dielectric layer 75. Particles 74 having a dielectric char-
acter are adhered to the other side surface of the dielec-
tric layer 75. In F1G. 7, the endless film 1 bearing the
latent electrostatic image is mounted in such a manner
that the base layer 77 is directed to an inner side, that is,
the base layer is brought in contact with the drive roller
21, tension roller 22 and the heater 4. In addition, the
multistylus-head 100 is disposed so as to direct the sec-
tional surface shown in FIG. § downward, and the

multistylus-head 100 is confronted with a surface of the -
dielectric layer 75 of the endless film 1 50 as to bring the _

head 100 into contact with the surface of the layer 78.
The remaining construction and operation of the pres-

ent embodiment are substantially the same as those of -

the first embodiment, and hence a further detailed de-
scription will be omitted.

An electrostatic latent image is formed by utilizing a
well-known technique, for example, described in “the
Voltage Coincident Method, Matrix AND, and so on”
(Head Copy Technology, edited by Japan Industrial
Technorogie Center, 1981). Development is conducted
by applying a predetermined voltage to the sleeve 62. A
voltage applied to the sleeve 62 when the base layer 77
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bas an electro-conductive character is differeat from a
voltage applied to the siesve 62 when the base [ayer has
a dielectric character. Qf course, the voitage is selectea
in such a manner that the voltage spplied to the sleeve -
62 when the bass layer T7 has a dielectric character is
larger than the voltage applied to the sleeve 62 when
the base layer 77 has s conductive character, The re-
maining construction and operation (Transfer Mecha-
pism and so on) of the present embodiment are substan-
tially the same as the first embodiment, and hence a
farther detailed descriptior will be omitted.

In the fourth embodiment of the present invention,
the multistylus-head with the same plane control is
used, it may possible to use a multistylus-head with a
single plane control or a double plane control (as de-
scribed by Tokurou Yasuda, A characteristic of a elec-
trostatic recording paper, edited by Electrostatic Acad-
emy, 9, 4, page 246-256, 1986).

In the image forming apparatus of the invention, the
latent electrostatic image forming head is disposed m
close proximity to a planar stretch of the endless belt
bearing the latent electrostatic image. By virme of this
construction, the dots which make up the latent electro-
static images, which are formed by respective recording
electrodes having holes each forming one dot as a pic-
ture element, are uniform in size and shape ever if the
recording electrodes are artayed in a zig-zag fashion.

In the invention, the latent electrostatic image bear
ing member is formed of an endless film having dielec
tric and heat-resistance properties, aot a photoreceptor
Therefore, the image bearing member may be directly
heated, so that transferring and fixing of the toner image
to the media cap be concurrently performed.

Because, with the invention, the transferring and
fixing operations are performed at the time when the
toner image is heated and fused, neither 2 transfer unit
nor a fixing umit separated by 2 prescribed distance -
therebetween need be provided. Further, in the inven-
tion, no toner is left on the endless film after the transfer
of the latent image. This eliminates the need of a clean-
ing blade or a2 waste toner receptacle. In addition, a0
space for the optical path is needed, leading to a reduc-
tion of the overall size of the image forming apparatus.
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What is claimed is:

1. An image forming apparatus comprising:

an endless loop of a thin film for bearing a latent
clectrostatic image, said endless film being made of
a material having both heat-resistant and dielectric
properties;

a transfer mechanism for driving said endless loop of
said thin film along a closed path;

a latent electrostatic image recording bead, disposed
outside said loop of said thin film, for recording a
latent electrostatic image on said thin film;

a developing unit, disposed outside said loop of said
thin film, for. developing the latent electrostatic
image on said endless film by placing toner parti-
cles in close proximity to or bringing toner part-
cles into contact with said thin film;

a back electrode disposed inside said loop of said thin
film; '

a pressure rolier disposed ourside of said loop of said
thin film in opposition to an outside surface of said

a discharge unit, disposed outside said loop of said
thin film, for discharging the latent electrostatic
image; and

a heater disposed inside of said loop of said thin film,
said heater being in opposition to said pressure

roller, said thin flm passing between said heater
and said pressure roller, & nipped area being de-
fined by an area of contact between a recording
sheet and said pressure roller when the recording
sheet is passed between s=2id thin film and said pres-
sure roller, said heater being in contact with a por-
tion of an inside surface of said thin film which is in
opposition to said nipped ares, all other portions of
said inside surface being in s non-contact state with
respect to said heater.

2. The image forming apparatus of claim 1, wherein
said thin film is formed of a base layer of a polysmide
£lm and a surface layer made of a material selected from
the group consisting of silicon resin and fluorine plastic.-

3. The image forming apparatus of claim 2, wherein
said base layer has a thickness of approximately 20 um

:gd said surface layer has a thickness of approximately
pm.

4. The image forming apparatus of claim 1, wherein

said recording head comprises a planar ion-current con-

trol plate having a plurality of ion-ejecting holes formed
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therein, said ion-current control plate being disposed i
adjacent to and parallel to a planar run of said loop of
said thin film.

5. The image forming appararus of claim 4, wherein
there:sag:pmamgcofo.‘ttoISmmbctwecnsaxd
ion-current control plate and said thin film.

6. The image forming apparatus of claim 1, wherein
said back electrode comprises a conductive planar
plate-likc member disposed inside said loap of said thin
film opposite said recording head.

7. The image forming apparatus of claim 6, wherein
said transfer mechanism comprises a drive roller and a
tension roller.

8. The image forming apparatus of claim 7, wherein
o’ ssid tension roller has a conductive outer surface at a-
potential equal to a potential of said back electrode.

9. The image forming apparatus of claim 8, wherein
said developing unit comprises a sleeve disposed cutside
said loop of said thin film opposite said tension roller,
said sleeve being at a potential sufficiently different
from said potential of said tension roller to create an
electric field between said conductive sleeve and said
tension roller to transfer toner particles from said sleeve
to said thin film.

10. The i image fornnng apparatus of claim 1, wherein
said heater is a ceramic heater supported by a thermal
insulating resin.

11. The image formmg apparatus of claim §, wherein
said discharge unit comprises a conductive rubber roller
disposed opposite said drive roller.

o 12. The image forming apparatas of claim 11, wherein
an AC voitage 100 to 1000 volts in amplitude and 400 to
2000 Hz in t‘reqnmcy superposed on 3 DC voltage 50t0
400 volts in amplitude is applied to said conductive
rubber roller.

13. The image forming apparatas of claim 1, wherein
said back electrode comprises a conductive rubber belt, -
said endless loop of said thin film being applied over-
said conductive rubber belt.

14. The image forming apparatus of claim 13, wherein
said transfer mechanism comprises a drive roller and a
tension roller, said tension roller being disposed oppo-
site said dxschargz unit and said drive roller being dis-
posed opposite said developing unit.

15. The image forming apparatus of claim 14, wherein
said developing unit comprises a sleeve disposed outside
said loop of said thin film opposite said driver roller,
said sleeve being at a potearial sufficiently different
from said potential of ssid rubber belt to create an elec-
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tric field between said conductive sleeve and said rub-
ber belt to transfer toner particles from said sleeve to
said thin film. .

16. An image forming spparatus comprising:

an endless loop of thin film for bearing a latent elec-
trostatic imsge, said endless film comprsing a con-
ductive film and a dielectric layer formed on said
conductive film;

a transfer mechanism for driving said endless loop of
said thin film along a closed path;

a latent electrostatic image recording head, disposed
outside said loop of said thin film, for recording a
latent electrostatic image on said thin film; .

a developing unit, disposed outside said loop of said
thin film, for developing the latent electrostatic
image on said thin film by placing toner particles in
close proximity to or bringing toner particles into
contact with said thin film; .

a pressure roller disposed outside of said loop of said
thin film in oppesition to an outside surface of said

a discharge unit, disposed outside said loop of said
thin film, for discharging the latent electrostatic
image; and

a heater disposed inside of said loop of said thin film,
said heater being in opposition to said pressure
roller, said thin film passing between said heater
and said pressure roller, a nipped area being de-
fined by an area of contact between a recording
sheet and said pressure roller when the recording
sheet is passed between said thin film and said pres-
sure roller, said heater being in contact with a por-
tion of an inside surface of said thin flm which isin
opposition to said nipped area, all other portions.of
said inside surface being in a non-coatact state with
respect to said heater. .

17. The image forming apparatus of claim 16, wherem

said thin conductive film is formed from a material
selected from the group consisting of copper and nickel,
and said thin dielectric film is formed from a material
selected from the group consisting of silicon resin and
fluorine plastic.

18, The image forming apparatus of claim 17, wherein
said conductive film has a thickness of approximately 30
pm and said dielectric film has a thickness of approxi-
mately 20 um.

19. The image forming apparatus of claim 16, wherein
said recording head comprises a planar ion-current con-
trol plate having a plurality of ion-cjecting holes formed
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therein, said ion-current control plate being disposed
sdjacent a planar run of said loop of said thin film.

20. The image forming apparatus of claim 19, wherein
there is a gap in a range of 0.3 t0 1.5 mm between said
ton-current control plate and said thin film.

21. The image forming apparatus of claim 16, wherein
said transfer mechanism comprises a drive roller and a
tension roller,

22. The image forming apparatus of claim 21, wherein
said developing unit comprises a sleeve disposed outside
said loop of said thin film opposite said tension roller,
said sleeve being at a potential sufficiently different
from the potential of said conductive film to create an
electric field between said conductive slecve and said
conductive film to transfer toner particles from said
sleeve to said thin film.

23. The image formmg apparatus of claim 16. wherein
said heater comprises a ceramic heater supported by a
thermal insulating resin.

24. The image forming apparams of claim 21, wherein
said discharge unit comprises a conductive rubber roller
disposed opposite said drive roller.

2S. The image forming apparatus of clsim 24, wherein
an AC voltage 100 to 1000 volts in amplitude and 400 to
2000 Hz in freqn:ncy superposed on a DC voltage 50 to
400 volts in amplitude is applied to said conductive
rubber roller.

26. An image forming apparatus comprising:

anendlasloopofathinﬁ]m,saidthinﬁhncompris—
ing a polyamide film base layer baving a surface
layer disposed thereon, said surface layer being
made of a material selected from the group consist-
ing of silicon resin and fluorine plastic, a thickness
of said base layer being approximately 20 pm, and
a thickness of said surfice layer being approxi-
mately 10 um;

a transfer mechanisrn movably sapporting ssid end- - -
less loop so as to drive said thin film loop along a
closed path;

a latent electrostatic image recording head disposed
outside of said loop 30 as to selectively record an
electrostatic latent image on said surface layer of
said thin film;

a developing unit disposed outside of said loop so as
to dcvelop said latent image by placing toner parti-
cles in proximity to said surface layer of said thin
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ABSTRACT

TONOGRAPHIC IMAGE FORMING APPARATUS

An image forming apparatus inciudes a thin endless
filmm on which is formed a latent electrostatic image,
the endless film having heat-resistant and dielectnc
properties, a wansfer mechanism for transferring the
endless film, a latent electrostatic image recording head
disposed outside the endless film for recording a latent

_electrostatic image on the endless film, a developing

unit disposed outside the endiess film for developing the
latent electrostatic image on the endless film by placing
toner particles in close proximity to .or bringing the
toner particles into contact with the endless film, a back
electrode and a heater disposed inside the endless film,
a pressure roller opposed to the heater with respect to
the endless film, and a discharge unit disposed outside
the endless film for discharging the latent electrostatic
image. Alternately, the endless film can be formed by
depositing a thin heat-resistant dielectric layer on the
surface of a thin, conductive endless film, in which case
the back electrode can be omitted.

FIGURE 1
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