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Abstract. An electrophotographic single-layer organic photorecep-
tor consisting of relatively low concentrations of phthalocyanine pig-
ments dispersed in an insulating binder polymer, which is generally
referred to as a high gamma photoreceptor, shows the induction
effect. Several mechanisms have been proposed to explain this
phenomenon. However it is not completely clear at this time. In this
article, the photoinduced and dark discharge characteristics of the
high gamma photoreceptors consisting of x-type metal-free phthalo-
cyanine pigment and polyester polymer are found to be well de-
scribed by a new theoretical model which takes into account struc-
tural trapping. We have found that good charge acceptance and
high gamma characteristics depend on the presence of structural
traps. © 2010 Society for Imaging Science and Technology.

[DOI: 10.2352/J.ImagingSci.Technol.2010.54.6.060502]

INTRODUCTION

Weigl reported in 1972 that an electrophotographic single-
layer organic photoreceptor consisting of relatively low con-
centrations of x-type metal-free phthalocyanine pigments
dispersed in suitable binders exhibited a photodischarge in-
duction effect' which was considered disadvantageous for
analog copy machines. However, Kinoshita proposed in 1989
to use it as a digital light input photoreceptor.” Since then,
photoreceptors with the induction effect have been referred
to as “high gamma photoreceptors” where “gamma” refers
to the slope of the photodischarge characteristics when plot-
ted as surface potential vs. log (exposure). In 1991 Decker
described a high gamma photoreceptor based on Kinoshita’s
idea.” Although several mechanisms have been proposed to
explain this unique phenomenon,™ it is not completely
clear at this time. In the present article, we present a theo-
retical model which takes into account the physical process
of structural trapping is applied to not only the photoin-
duced but also the dark discharge characteristics of high
gamma photoreceptors. We have found that desirable elec-
trophotographic performance characteristics such as good
charge acceptance, low dark decay rate, and high gamma
depend on structural traps.
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EXPERIMENTAL

A high gamma photoreceptor with x-type metal-free
pthalocyanine pigments dispersed in polyester binder was
investigated (Digital Photoreceptor HGPC). Hardness and
moisture-fastness of the binder are improved by cross-
linking to a low molecular weight polyester (about 5000)
using butylated melamine resin.

The formulation comprised the following:

(1) Polyester resin (Almatex™ P645 by Mitsui Chemi-
cal) 40 g (60% solids).

(2) Butylated melamine resin (U-van™ 20HS by Mitsui
Chemicals) 7 g (70% solids).

(3) Cyclohexanone (first grade chemical reagent) 150 g.

(4) Metal-free  phthalocyanine  pigment  resin
(Fastgen™ Blue 8120BS by Dainippon Ink and
Chemicals) 9.6 g.

Chemicals 1, 2, and 3 were placed in a glass bottle (450
ml) and stirred until dissolved. The pigment was added with
200 g glass beads (3 mm diameter) followed by 4 h shaking.
Then the mixture was filtered to prepare the coating disper-
sion. The viscosity was 500 m Pa-s. An aluminum foil
(80 um thickness) was taped to an Al tube and ring coated
with the dispersion at the rate of 200 mm/min. The coating
was air dried at 150 °C for 1 h. The dried coating was about
18 um in thickness and the average diameter of the
pthalocyanine pigment particles was measured to be
0.7 um (Horiba LB-550 Dynamic Light Scattering
Nanoparticle Size Analysis System). The specific gravity of
the pthalocyanine pigment is 1.44 and that of binder is 1.2,
therefore the binder content is 78.3 vol % (75.0 wt %) and
pthalocyanine content is 21.7 vol % (25.0 wt %).

The photoinduced and dark discharge characteristics of
Digital Photoreceptor HGPC were measured by the conven-
tional method to obtain the photoinduced discharge curve
(PIDC). A schematic of the experimental arrangement is
illustrated in Figure 1. The photoconductive drum was co-
rona charged and then exposed to monochromatic light (710
nm from a halogen lamp with interference filters monitored
by an Hioki Optical Power Meter 3664). The exposure was
initiated and stopped by a shutter between the lamp and the
optical fiber. The exposure slit was 0.2 mm. The diameter of
the photoconductive drum was 80 mm and the circumfer-
ential velocity 55.85 mm/s giving an exposure time of 3.6
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Figure 1. Experimental arrangement for measuring photoinduced and
dark discharge characteristics. VWavelength of exposure is 710 nm; ex-
posure fime is 3.6 ms, and fime befween exposure and probe is 0.3 s.
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Figure 2. Photoinduced discharge characteristics for the Digital Photore-
ceptor HGPC. Exposure time is 3.6 ms with light of 710 nm. The theo-
refical curve is calculated with d,=0.02 um, Ny=15 layers, and
170=0.88. The details of the theoretical calculation are described in the
text.

ms. The exposure intensity was controlled by changing the
supply voltage of the light source. The surface potential of
the photoconductive drum was measured 0.3 s after the ex-
posure. To stabilize the photoinduced and dark discharge
characteristics, simultaneous AC corona charging and erase
exposures were used.

RESULTS

The surface potential was measured as the photoconductive
drum rotated and the supply voltage to the halogen lamp
was changed stepwise after each complete rotation. The
measured surface potentials were plotted as a function of the
exposure, the dark discharge characteristics were measured
every rotation of the photoconductive drum after the expo-
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Figure 3. Dark discharge characteristics for the Digital Photoreceptor
HGPC. The theoretical curve is calculated with d,=0.02 um, Nj=15
layers, and G=4.2x 10" cm=3 s~!. The details of the theoretical cal
culation are described in the text.

sure was shut off. The photoinduced discharge characteris-
tics at 710 nm for the positively charged Digital Photorecep-
tor HGPC are shown in Figure 2. The photodischarged
surface potential decreases rapidly after a threshold expo-
sure; (Weigl has referred to this as the induction exposure').
The observed threshold exposure is about 1.1 wJ/cm?. In
the case of negative charging, little discharge is observed
even for the exposure of 1.7 uJ/cm?. This result suggests
that hole-electron pairs are photogenerated in a narrow re-
gion close to the charged surface (less than 0.1 um) and
electrons are immobile.

The experimental results for dark discharge of Digital
Photoreceptor HGPC are shown in Figure 3. The observed
dark decay rate is initially slow, about 2.5 V/s; however after
about 80 s the surface potential decays rapidly.

DISCUSSION
Structural Trap Model
The high gamma photoreceptor consists of relatively low
concentrations of pthalocyanine pigments dispersed in an
insulating binder polymer. However the residual potential of
Digital Photoreceptor HGPC is low as shown in Fig. 2. This
means that carrier transport paths through the film are effi-
ciently formed in spite of a low concentration of photocon-
ductive particles. Kitamura has determined experimentally
that the phthalocyanine pigments form endless chains in the
layer at pigment concentrations higher than 20 wt %.° Ph-
thalocyanine pigments are dissolved by dipping the layer
into a sulfuric acid solution. He concluded that the phtha-
locyanine pigments were in contact with each other because
the sulfuric acid solution could penetrate through the layer.
According to percolation theory, endless conducting chains
are formed at concentrations higher than 16 vol % of ran-
dom close packed mixtures of conducting and insulating
spheres and the average number of contact points is 2.1.
Figure 4(a) gives a schematic view of formation of the
endless chain described above. As is indicated schematically,
under such circumstances the contact point of a particle
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Figure 4. (a) A schematic view for structural traps produced by random
contact between photoconductive particles dispersed in an insulafing
binder polymer. The arrows a and b indicate the direction of hole move-
ment. (b) A structural frap model with structural tfrap depth d; for a high
gomma photoreceptor.

with an adjacent particle can be offset from the center of the
base of the spherical bodies in the direction of the electric
field. In this case free carriers (holes) are considered to be
trapped within the saucer-shaped-space surrounded by insu-
lating binder polymer.”"” We call this a structural trap. The
physical depth of the structural trap is shown. In some sub-
sequent figures the physical trap depth will also be used to
represent the energetic trap depth.

In the case of strong light absorption, hole-electron
pairs are photogenerated in a narrow region close to the
surface, and free holes are trapped in the first structural trap
under a strong electric field due to surface charges. Electron
space charges close to the surface increase with exposure
time, the electric field in the first structural trap decreases.
Finally trapped holes begin to detrap at the particle-to-
particle contact point indicated by an arrow a. The
detrapped holes are transported in the particle indicated by
the arrow b.

Figure 4(b) shows the structural trap model for theoret-
ical calculations corresponding to Fig. 4(a), where d; is the
average structural trap depth and structural trap layers are
assumed to be distributed evenly at an average distance.

Energy Barrier of Structural Traps

Figure 5 shows a generalized structural trap model, where d
is the structural trap depth, @y is the energy barrier for hole
detrapping, E. is the electric field due to the surface charges
ny (cm™), the concentration of photogenerated trapped
electrons n, (cm™2) and holes outside of the structural trap,
and n, (cm™?) is the concentration of trapped holes.
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Figure 5. A generalized structural trap model with energy barrier @5 in a
photoconductive layer of the high gamma photoreceptor. The symbols are
described in the text.

The electric field E, at the bottom of the structural trap
(x=0) is related to the electric field E. and the trapped holes
n, by Gauss’s law as follows:

Ey=E.+enJ/e,&q, (1)

where e is the electronic unit of charge, €, the relative per-
mittivity and g, the permittivity of vacuum. The increment
of potential AV at the distance of x=Ax from the bottom is
given by

AV, =E,Ax = (E.+ en/e,ey)Ax. (2)

Therefore the potential V; at the distance of x,(=Ax) from
the bottom is given by

Vl = AV]. (3)

The distribution function of electrons and holes in ther-
mal equlibrium is the Fermi-Dirac distribution. In our
analysis we use the Maxwell-Boltzmann distribution, a com-
monly used approximation if the barrier height is much
larger than kT.""'"> The Maxwell-Boltzmann distribution f(v)
is applied to trapped holes as follows:

( m |05 "
fv)dv = AT exp Y dv, (4)

where v is the velocity of holes, m the hole mass, k the
Bolzmann constant, and T the absolute temperature in
Kelvin. Assuming that the contact points to the next photo-
conductive particle are close to 1 as shown in Fig. 4, unidi-
rectional charge motion in one dimension is taken into ac-
count in Fig. 5. A function F(v) is defined by integrating Eq.
(4) with respect to v from v to +o.

F(v) = f fwdv. (5)

In the case of v=0, F(0)=0.5.

The kinetic energy of holes at the distance x; equals the
potential V; obtained from Eq. (3). Then the velocity of
holes at x; is given by

vy = (2eV,/m)>. (6a)

The general expression is as follows:
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vy = (2eVr/m)®3. (6b)
Then, F(v,) is given by
F(v,) =0.5—-f(0) - Av,. (7a)
The general expression is as follows:
F(vy) = Flvn-y) = flvn-) - (vy =), (NZ11).
(7b)

In the case of N=1, vj_;=0, and 2F(vy_;)=1.
The potential V, at the distance of x=x;+Ax is given
by using F(v;) as follows:

V, =V, + (E.+ 2enF(v,)/g,8,) Ax. (8a)
The general expression is as follows:
V= Vo1 + (E.+ 2en F(vy_,)/e,80) Ax. (8b)

The energy barrier @y can be obtained by succsessive
calcuration from x=0 to d.

Detrapping Rates from Structural Traps
The kinetic energy of holes equal to the energy barrier @y is
expressed as

0.5 m véz@B, (9)

vo = (2Pg/m)%>. (10)
The hole density An with respect to v from v to v+Av is
An=nflv)Av. (11)
Therefore, hole flux from the structural trap becomes
dj =vAn=vnflv)Av. (12)

The detrapping rate of trapped holes is obtained by integrat-
ing Eq. (12) with respect to v from v, to +c0. This leads to
the following equation:

dfldt kT 0.5 CI)B
=—n| — -—. 13
dt e 2mm exp kT (13)

Photoinduced Discharge Mechanism
The photoinduced discharge mechanism for high gamma
photoreceptors is schematically illustrated in Figure 6. The
structural trap layers with the energy barrier @y are distrib-
uted periodically at an average distance.

The initial surface potential V; with positive corona
charging is defined as follows:

VO = enodp/sreo, (14)

where d,, is the layer thickness and ny is the surface charge
density. The initial energy barrier @, shown in Fig. 6(a) is
related to the initial surface potential V,, by the equation

(I)BO = V()ds/dp‘ (15)
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Figure 6. Photoinduced discharge mechanism for a high gamma photo-
receptor based on the structural strap model. The symbols are described
in the text.

In the case of strong light absorption, hole-electron
pairs are photogenerated in a narrow region close to the
charged surface as shown in Fig. 6(b).

The quantum efficiency of the field-controlled carrier
photogeneration in x-type metal-free phthalocyanine is re-
ported by Hackett" as follows:

1(E) = exp[(BpE**/KT) — (P, /kT)], (16)

where E is the electric field, and
Bp=1.06X10"* eV cm®® V=03, dy,=0.09 eV for a wave-
length of 620 nm."” A correction factor 7, is added to
Hackett’s equation in consideration of the difference in
wavelengths and sample preparation.

7(E) = 79 exp[(ByE* IKT) = (P, kT)].  (17)

The photogeneration rate for hole-electron pairs n, can be

expressed as

g

dny/dt = Fy(E), (18)

where F is the exposure light intensity in photons cm™s7!.

Then
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ng(t)zfdng. (19)

As shown in Fig. 6(b), the photogenerated holes are
trapped in the first structural trap layer close to the photo-
conductive surface. Assuming that carrier transit time in
photoconductive particles is short, the photoinduced dis-
charge time is determined by the time required for trapping
and detrapping.

The energy barrier of the first structural trap layer de-
creases with exposure time, and finally the trapped holes
begin to detrap to the second structural trap layer. The
detrapping rate of trapped holes is obtained by Eq. (13) in
which E_ is given by

E. = e[ng — ny(1)]/e,80. (20)

Then, the time dependence for hole detrapping can be ob-
tained by

ng(t) = f dng,. (21)

The instantaneous concentration of trapped holes n,(¢) in
the first structural trap is given by

n(t) = ng(t) — ngt). (22)

The structural trap situation within the photoconduc-
tive layer during the carrier transport process is shown in
Fig. 6(c). The detrapping rate for trapped holes with N=2 is
obtained from Eq. (13) in which E_ is given by

E.=e(ng— nyy — ng)/e€o- (23)

Then, the detrapped holes concentrations can be obtained
by

ndtN(t):Jd”dtN- (24)

The trapped hole concentration in the Nth structural trap
layer ny is determined as follows:

nen(t) = Rgen-1) () — ngen(t) . (25)

Therefore, the potential Vi, due to the trapped holes at the
Nth structural trap layer is given by

Vil®) = en(0dy(1 - NIND e g, (26)

where N; is number of structural trap layers in the
photoconductor. Therefore, the instantaneous surface poten-
tial of the photoconductive layer V(¢) is calculated using
Egs. (19) and (26) is as follows:

eng(t)d,

N
V() =Vy————+ >, Vin(0), (27)
€:€9 N=1

where n,(¢) and n(f)(N=2) in Eq. (26) can be obtained
by succsessive calculation from Egs. (17)-(22) and Egs.
(23)—(25), respectively.
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Figure 7. Carrier transport mechanism and surface potential decay for
confinuous exposure with low light intensity. Light intensity is 1 W /cm?

and layer thickness is 18 um. The theoretical curves are calculated with
d;=0.02 um, Ni=15 layers and 7,=0.88.
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Figure 8. Carrier fransport mechanism and surface potential decay cal-
culated for an exposure time of 3.6 ms and light infensity of
472 pW /cm? (the exposure is 1.7 w/cm?). layer thickness is
18 um. The theoretical curve is calculated with d,=0.02 um, N=15
layers, and 7,=0.88.

The photoinduced discharge mechanism for continuous
exposure with low light intensity is shown in Figure 7. The
surface potential is plotted as a function of exposure time

calculated with an initial surface potential V,=700 V, layer
thickness d,=18 wm, relative permittivity ,=4, tempera-
ture T=298 K, wavelength A\=710 nm, exposure light in-
tensity F=1 uW/cm?, structural trap depth d;=0.02 um,
the total number of structural trap layers N; =15 layers and
the correction factor 7,=0.88.

The photoinduced discharge curve in Fig. 7 shows the
typical induction effect. The hole density in the first struc-
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Figure 9. The dark discharge mechanism for a high gomma photorecep-
tor based on the structural frap model.

tural trap increases with exposure time and detrapping oc-
curs to the second structural trap. Holes are transported to
the next structural trap one after another. After the group of

holes reaches the conducive substrate, the surface potential
decay rate is limited by the carrier photogeneration rate.
Figure 8 shows the photoinduced discharge mechanism
for a short time exposure calculated with an initial surface
potential V,=700 V, layer thickness d,=18 um, relative
permittivity &,=4, temperature T=298 K, wavelength
A=710 nm, exposure time=3.6 ms, exposure light inten-
sity F=472 uW/cm? (exposure=1.7 uJ/cm?), structural
trap depth d,=0.02 wm, the total number of structural trap
layers Ny =15 layers and the correction factor 7,=0.88. The
hole density in the first structural trap increases with expo-
sure time and detrapping occurs to the second structural
trap. After the exposure, holes are transported to the next
structural trap one after another, and finally reach the con-
ductive substrate. In this case it takes 20 ms. The surface
potential V decays in proportion to the transport distance
of the group of holes from the surface and reaches a final
potential of 29 V. This example is the “Theoritical”
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photodischarge curve shown in Fig. 2 where the final poten-
tial (V) is 29 V and the exposure is 1.7 uJ/cm?.

Dark Discharge Mechanism
The dark discharge mechanism for high gamma photorecep-
tors based on our structral trap model is schematically illus-
trated in Figure 9.

Holes and electrons are thermally generated in all re-
gions of the photoconductive layer as shown in Fig. 9(a).
The thermal carrier generation rate can be expressed as

dngldt = Gd,/Ny, (28)

where d,, is the layer thickness, Ny is the total number of
structural trap layers, and G (cm™ s7!) is the thermal carrier
generation efficiency. Then the concentration of thermally
generated hole-electron pairs is given by

ny(r) = Gd,IN. (29)

Electrons in x-type metal-free pthalocyanine pigment
are immobile so the electron space charge density
pe(t)(C cm™) is given by

pe(t) = eng()N,/d,,. (30)

Then the negative potential V, due to the electron space
charge is obtained by

Ve(t) = dlzgpe(t)/zerO' (31)

The thermally generated free holes are trapped in the
structural trap layers as shown in Fig. 9(a). Assuming that
the carrier transit time in the photoconductive particles is
short, the dark discharge rate is determined by the time
required for trapping and detrapping.

The surface potential due to trapped holes at the Nth
structural trap numbered from the conductive substrate is
given by

Vin = en(t)d,Nle,eoNy, (32)

where the structural trap in contact with the conductive sub-
strate is not counted because it is considered to be at zero
potential. The potential V() due to the holes n,(¢) trapped
by the structural traps from the 1st to the Ny —1-th layer is
given by

ent(t)deVl

Vo) = Ne en(t)d,(N;, — 1).

(33)

8r‘CJ‘OI\]L N=1 28r80

As the dark discharge proceeds, polarization between
the immobile electron space charge and trapped free holes
increases, the energy barriers for all of the structural trap
layers decrease, and then finally trapped holes begin to
detrap. We assume for convenience that all trapped holes
detrap together.

The detrapping rate of trapped holes is obtained by Eq.
(13) in which E_ is given by
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Figure 10. The dark discharge mechanism for high gamma photorecep-
fors. The theorefical curves are calculated with  d,=18 um,
d;=0.02 um, Ni=15 layers. The symbols are described in the text.

EC = e(no - ng)/gr(go. (34)

Then, the time dependence for hole detrapping holes n4(1)
can be obtained by

ng(t) = f dng,. (35)

The instantaneous trapped hole concentration n,(f) can be
expressed as follows:

(1) = ng(1) — ng (). (36)

It is assumed that the detrapped holes transport without
subsequent trapping or recombination. As shown in
Fig. 9(b), detrapped holes neutralize the charges on the con-
ductive substrate as follows:

1o = n(t) + ng,(t) + ng()(N, - 1), (37)

where n,(t) and ng(#) are the trapped and the detrapped
holes relative to the structural trap in contact with the con-
ductive substrate. n4()(N; — 1) is the time dependent num-
ber of detrapped holes that reach the conductive substrate.

As shown in Fig. 9(c), successively the detrapped holes
neutralize the electron space charge. The space charge neu-
tralization boundary, dj, is given by

ng()(Ny/dy)de = ng () (N, — 1) = [1ng — n(t) — ng(1)]
+[n () (N, — 1)/dp]df. (38)
Then, Eq. (38) becomes

(N = 1) = [1g = n(t) = nge(#)]
© n(ONYd, — n (DN, - 1)/d,

(39)

d(t

The hole space charge density p,(C cm™) at the neu-
tralized region

pi(t) = e{ng () (N — 1) = [ng — n(t) — ng () [} de(t).
(40)

The potential due to hole space charge V(¢) is given by
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Figure 12. Photoinduced discharge chracterisfics for Digital Photorecep-
tor HGPC. The number of structural frap layers N is determined to be 15
layers and the quantum efficiency correction factor (7) is 0.88.

V(1) = di(1) py(1)/ 22,2, (41)

The surface potential of the photoconductive layer V(#) can
be obtained by

V() = Vo = V() + Vi(#) + V(1) (42)

where V(t), V,(), and V(¢) are obtained by succsessive cal-
culation from Egs. (28)—(31), Egs. (32) and (33), and Egs.
(34)—(41), respectively.

Figure 10 shows an example calculated with an initial
surface potential V,=700 V, layer thickness d,=18 um,
relative permittivity &,=4, temperature T=298 K, structural
trap depth d;=0.02 um, and the total number of structural
trap layers Ny =15 layers.

Methods for Estimating Structural Trap Depth (d,) and
the Number of Structural Trap Layers (N;)

The theoretical dark discharge curves shown in Figure 11
were calculated using the method of successive calculation
with Egs. (28)—(42) varying the number of structural trap
layers, where layer thickness d,=18 um, initial surface po-
tential V=700 V, relative permittivity &, =4, temperature
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Figure 13. Photodischarge characteristics of high gamma photorecep-
tors simulated with various sfructural frap depths.
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Figure 14. Dark discharge characteristics for the high gamma photore-
ceptors simulated with various structural frap depths.

T=298 K and G/N;=2.8%X 10" cm™ s~ !. The calculated
structural trap depth d; is 0.02 um.

The theoretical photoinduced discharge curves shown
in Figure 12 were calculated using the method of successive
calculation by Egs. (14)—(27). The correction factor for the
quantum efficiency (7,) is 0.88. As shown in Fig. 12, the
number of structural trap layers N; is calculated to be 15
layers for a photoconductor thickness of 18 wm. This
means that the average distance between structural trap lay-
ers is 1.2 um.

Figs. 2 and 3 show the theoretical photoinduced and
dark discharge curves calculated using d;=0.02 um and
N =15 layers as described above.

ELECTROPHOTOGRAPIC PERFORMANCE
It has been shown that high gamma photoreceptors can
sharpen the edges of electrostatic latent images in a laser
printer and create hardcopies printed with high resolution
and high quality.* Konuma reported that the Digital Pho-
toreceptor HGPC achieved high resolution images when de-
veloped with liquid toner."*

Photoinduced discharge curves for Digital Photorecep-
tor HGPC are shown with a logarithmic exposure scale in
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Figure 13 along with photodicharge curves simulated for
various structural trap depths.

The dark decay rate can be obtained by from Egs. (31)
and (33) as follows:

dv, dv, dv, ed>G
-—— (43)
dt dt dt 2e,80Ny,

The dark decay rate for a trap free photoreceptor has been
described by Eq. (43) with Ny =1. Therefore the dark decay
rates of high gamma photoreceptors are improved with in-
creasing N . It has been reported that the thermal generation
rates of single-layer photoreceptors are substantially higher
than dual layer photoreceptors.”” However, it is found theo-
retically that a slow dark decay rate in a high gamma pho-
toreceptors depends on the limited displacement within
dy/ Ny, for thermally generated holes. Figure 14 shows the
dark dicharge curves simulated with various structural trap
depths. The time dependence of the slow dark decay period
depends on the structural trap depth.

The time for the trapping and detrapping processes
during carrier transport is calculated to be 20X 107% s at the
exposure of 1.7 uJ/cm? as shown in Fig. 8. This is signifi-
cantly shorter than the typical time between exposure and
development (about 0.1-0.3 s). Thus, in spite of charge car-
rier trapping during carrier transport, the photoresponse
time for the x-type metal-free phthalocyanine OPC is con-
sistent with high resolution digital imaging.

CONCLUSION

The photoinduced and dark discharge mechanisms of high
gamma photoreceptors are clarified by a new theoretical
model which takes into account the physical process of
structural trapping. New methods for estimating structural
trap depths and the distance between structural traps are
developed.

It is necessary to reconsider methods for measuring
photoinduced discharge characteristics. Photoinduced and
dark decay discharge should be measured in parallel to in-
vestigate the importance of structural trapping. The dark
discharge is not due to carrier leakage but electrostatic po-
larization in the pigment particles. The transit time mea-
sured by the time-of-flight method depends on carrier trans-
port in a particle and trapping by a structural trap. The latter
is estimated by our new theoretical model.

We have shown that structural traps create a complex
electrostatic latent image formation mechanism. The photo-
conductive layer becomes a dielectric insulator after corona
charging, however, after the induction exposure the photo-
conductive layer becomes charge transporting. High gamma
characteristics enable these characteristics. The high gamma
photoreceptor has good charge acceptance, low dark decay
rate, high gamma, and fast photoresponse.
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