
The therrla‖y stimulated current of β口forrn oxotitaniu「l phthalocyanine
dispersed in polyester
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A thermally stimulated current(TSC)has been applled to estimate the trap propcrties on a

thin nlm of β‐fOrm oxOtitaniuln phthalocyanine(β‐TiOPC)dispersed in polyester.The

hole trapping levels derived from the activatlon encrgies(Eas)were Obtained by an initial

rising method and heating ratc dependence on TSC peaks.The Eas for an electric

neld of 2.5》(103v/cm were distributed from O.033 eV for shallow traps to O.42 eV for deep

traps.

1白lNTRODUCT10N

There have bcen many investigations on phthalocya‐

nines(Pcs)Since these materials have become important

for practical use lll variOus flelds,1~3 1n the case of electro‐

photography, the photOreceptors are usually prepared by
the dispersing of phOtOcOnductive materials in a solvent
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nuenced by the entrapment of phOtOgenerated carriers to

the trapping sites in the photoconductive nllns.

Infrared (IR)sensitive photoreceptors using oxo,ita‐

nium phthalocyanine(TiOPc)have been actively deveト

oped in recent years to obtain highly sensitive phOtorecep‐

tors; therefore, it is necessary to analyze the trapping

characteristics ofTiOPc responsible the charge carrier gen‐

eration or transport abilities in phOtOconductive nllns.4

The analysis of trap levels and depth in photoconduc‐

tive nlms has been investigated using a thermally stilnu‐

lated current(TSC)technique.HOshino has investigated

the TSC of the trapping levels of copper phthalocyanine

(CuPC)dispersed in polyurethane fllin in which the traps
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ln this study,we measured the TSC Of a thin nlln of

β‐TiOPC,Which is a very stable crystallinc form in TiOPcs,

dispersed in polyester nIIn in order to investigate the be‐

havlors Of carrier traps. In particular, 、ve discussed the

renectance of↓he appropriate trapping state as a Function

of the electric nelds,the wavelengths Ofirradiated light and

TSC peaks as a functiOn of difFerent thermal rising rates.

‖口EXPER,MENT

A.Fabrication of ce‖
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be monoclinic.6 The phOtOcOnductive nlln(lo μm)was

composed of 50 wt.%β‐T10PC cispersed in polyester
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(TOyObOi Vylon 200)and coated on the glass.The struc‐

tures of TiOPc and polyester are shOwn in Fig l.The glass

was prevlously deposited on a seHli‐ transparlent Au elec‐

trode,The se■ 11‐transparent Au electrode wasithen depos―

ited on the top of the nlm. The transmittance of the Au

electrodes was llxed at 60 JL 2ワろ.

B口TSC measurement

The TSC measurement was carried out as follows.The

sample cell was placed in a cryostat underを とn Ar atmo‐

sphere at 10~4 Torr.If necessary,a bias voltage(Vb)Was

applied,and was cooled to 100 K.The cell was then irra‐

diated by a 500‐W Xenon lamp for 3 1nin at allt appropriate

wavelength with a band pass niter.The lighttand Vb were

then turned oal The teコ nperature of the nlln、vas raised at

a constant rate,and the TSC、 vas lneasured by an electrom‐

eter under the applying of the collecting volt[Lge(VC).

lH口RESuLTS AND DiSCUSStON

A口TSC and applied voitage dependences

Figure 2 shows typical TSC curves.Curve(a)was

obtained by irradiation of、 vhite light at looコこ,and curve

(b)was nOt irradiated.The peak at 16° C wasineasured for

bOth(a)and (b).It was also obtained in the TSC of the

polyester ilm, and depended on the applied Vbst There‐
fore,this peak would be due to a relaxation tDf dipoles in

the polyester.A peak at 一 -55°C was cOnside】red to be the

carriers detrapping,that is,the carriers were produced by

light irradiation and held many traps in thc p!hotoconduc‐

tive layer,

As a result of the TS(〕 mcasured at various Vc's, the

TSC peaks,resulting froln the detrapping,shiirt to a l。 、vcr

temperature 、 vith increasing electric neld. T｀hey are ex‐

plained by the lo、vering of the trap activatiOn energy(Ea)

due to the Poole― Frenkel erFect.7 The p01arity of the TSC

peak with the detrapping was not afFected by Vc.The po‐
larity was measured at reverse polarity of the applied Vb.

Thus, lhe applied Vb produced polarized dipoles and in‐

ternal electric nelds were formed in the layer.メ【s a result of

calculations using TSC curves at various applied Vc's,the
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temperature dependences on the internal electric neld

agreed with relaxation of polarization obtained by the

TSC.

B,Wavetength dependences of photoinduced TSC

Figure 3 shows thc TS(, measured at various wave‐

lengths of irradiated light.As shown in Fig. 3,the wave‐

lengths of 340,679,and 780 nm are the peaks of absorption

on the β―TiOPC nlm,respectively.The absorption at 483

nln shows the minil■um of the energy level.The amounts

of irsc were signincantly afFected by the wavelength irra‐

diated; however, the temperatures of all TSC peaks were
-55° C.That is,the amounts of photocarriers captured in

trapping sites depended on the、vavelength of the irradiated

light,and the trapping levels,of course,were still the same

二80   -60    -40    -20     0
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FIG 3 Photoinduccd TSC curves at various wavelengths Vb: 5× 104

(V/cm),Vc:25× 103(v/cm),β :0093(K/s).Numcrals in igurc lll_

dicate the wavelcngths of trradiated iigh`

energy levels.Because of the high absorption emciencies at

340 and 679 nHl, many carriers yield at the surface of a

nl.1; therefore, thc carrier density and the lprobabllity of

recombinations would increase in the surface vicinity.On

the contrary, the carriers produced at 483 nm would be

uniformaly distributed in the bulk. Therefore, carriers

could be sufnciently Captured in trap sites,SiEiCe an absorp‐

tion of 780 nln is predicated on the aggregation of TiOPc

molecules,the trapping l■echanism will be difFerent.From

the result of a small peak at 780 nm,we assumed that the

probability of recombinations were reduced by the aggre‐

gation;therefore,a feH′carriers can be held lll the trap site

of the bulk`

Ctt Trapping sites analysis by activation energy

Since the dipole polarizatlons of polyester is signin‐

cantly aIFccted by thc TSC peaks resulting from the detrap‐

ping, the trap Eas could not be exactly estirnated. There‐
fore,TSC was measured under a nonpolarized neld.483-

nm light was used to avoid the Dember ettct. Figure 4

shows the TSC curves at various heating rates at a collect‐

ing voltage of 2× 103v/cm.The peaks were shifted to

higher temperatures M′ ith increasing heatintg rates. The

Eal, which indicated deep trap depths, could be deter‐

mined from the slope of the curve in(/J/Tm2)vs 1/たTm,

、vhere Tm is the temperature of the rnaximulm ofthe TSC

peak,/」 is the heating ratc, andた is the Boltzmann con‐

stant.The plots of this relation in Fig.4 are shown in Fig.

5.The trap Eal determined froln the slope olithe curves is

042eヽ らwhiCh means a main trapping level. In addition,

Ea2 was obtained by an initial rising methOd reflecting

Vbi-50x104 vcm l

Vci-25x103 vcrn l

O: 0 093 Ksec対
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FIG 2 Measured TSC curvcs Curvc(α )iS a result ofirradiatcd light at
llXI K, and curvc(b)iS not irradiated Vb: 5× 104(v/cm), VC:

25× 103(v/cm),β :0093(K/s)
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FIG 4 TSC curvcs of varlous heating ratcs at 2 5× 103v/cm

shallow trapping levels. From the equation of in(r)=
― (Ea2/た r)+て 乳 where r is the mcasured TSC and C is

a constant,Ea2==0.033 eV was calculated from the rela―

tion of[ln(r)VS looo/珂 aS ShOwn in Fig.6.The possible

trap sites are classined intO three domains in this Fllln,that

iS:(1)within the β‐TiOPC particles,(2)within the poly‐
ester,(3)at the interface.These trapping levels will be

large distributlons,In facl,they would be distributed from

sha1low traps(0.033 eV)to relative deep traps(0.42 eV).

Hoshino has investigated the trap Ea of 6-CuPc dispersed

in polyurethane as a func1lon of electric neld dependence.5

He proposed the deep traps of Ea(0.4 eV)in the same

electric fleld,and Obtained TSC curves also silnllar tO that

Of β‐TiOPC.HOwever,β ―T10Pc has two trapping levels of

shallow and deep` The photOcarrier gcnerating abllity of

the β―TiOPC is superior tO that of c―CuPc.The reason can
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FIG 6 Arrhcnius plot of TSC pcaks at 2 5×103v/cm.

be considered that the photocarrier generation and the

transport of carriers are not inhibited by these shallow

traps;however,deep traps would control thte moblllly and

life time oF the carriers.

lVo CONCLuSiON

This investigation shows lhe estilnations of trap levels

by the TSC technique on a thin nlrn ofβ‐T10PC diSpersed

in polyester. irhe trap levels were derived from the Ea

measured by an initial rising method and heating rate de‐

pendence.

A TSC peak at 16° C was considered to be the rclax‐

atlon of dipoles in polyester due to the deperldences on bias

voltage.The carriers were produced by tih〔 ,irradiation of

light at an appropriate electric neld. A TSiC peak at 一

55°C was a result of carrier detrapping fliOIIl trap sites,

probably in β ‐TiOPC Or at the interface of β ‐TiOPC and

polyester.

The amounts of TSC、 vere signincantly arected by the

wavelength of the irradiated light,hOwever)all the mea‐

sured TSC peaks were at the same temperatlュ re in the samc

electric fleld. That is, the amounts of photocarriers cap‐

tured in trapping sites would depend on tlhe llght absor‐

bances in the photoconductive nlm.In the case oF a large

absorbance,rnost of the photocarriers arc g13nerated at the

vinicity of light-lrradiated surface,and recombinations do

occur.On the contrary,for the case oflo、 アabsorbance,the

itteCted light can generate many photocarl・ iers before re‐

combination at a long distancei therefore, many carriers

can be captured in the trapping sites, and measured by

TSC analysis.

As a result oF an initial rising lnethod and heating rate

dependences,we can estimate the shal10、v traps ofO.033 cV

and deep traps of O.42 eV, which are distributed in this

photoconductive nllm.The photocarrier gencration and the
transport of carriers are not inhibited by these shallow

traps,however,deep traps、 vould control the lnObility and

life of the carriers in bulk.
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FIG 5 1n a/Tm2 vs 10t10/Tm Tm is the tempcrature corrcsponding to
a pcak current for a givcn TSC curve with a hcating ratc(β)
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