
The thermaHy stimulated cuFrent Of β‐forrn oxotitanium phthalocyanine
dispersed in polyesteF

T.Enokidaa)

Cκガ″αtt Scttθθ′ゲ SCル″Cθ α″ガタ竹ご力″θわ抄 Cんわαし,″わθ/」ブをらア‐JJ yリノοメ_cヵaCん わα‐Jん,2びa挽 ヮα″

S.Yamamoto and R.Hirohashi
D?α /r初ゼ″′ゲ rttαgゼ挽ル″ca Cんわαし'″わθパブゥ プ‐JJ又 りθメ‐cんaCん わα‐5″2びa挽 ?α″

(Received 8 July 1991;accepted for publication 23 July 1991)

A thermally stimulated current(TSC)has been applled to estirnate the trap properties on a

thin nlrn Of β‐forrn OxOtitanium phthalocyanine(/J‐TiOPc)dispersed in polyester.The

hole trapping levels derived fronl the activation energies(Eas)were obtained by an initial

rising rnethod and heating rate dependence on TSC peaks,The Eas for an electric

neld of 2.5× 103v/cm Were distributed from O,033 eV for shal10w traps to O.42 eV for deep

traps,

l.lNTRODUCT10N

There have been many investigations on phthalocya"

nines(Pcs)since these l■ aterials have bccOme important

for practical use in var10us nelds.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 entrapmcnt of photogenerated carriers to

the trapping sites in the photoconductive nllns.

Infrared (IR)sensitive photOreceptors using oxotita―

nium phthalocyanine(TiOPc)havc been actively devel‐

oped in recent years to obtain highly sensitive phOtOrecep白

tors; therefore, it is neccssary to analyzc the trapping

characteristics Of TioPc responsible the chargc carrier gen―

eratlon or transport abllitics in photoconductive nllns.4

The analysis of trap levels and dcpth in photoconducロ

tive nllns has been investigated using a thermally stimuL

lated current(TSC)technique. HOshino has investigated

the TSC of the trapping ievels of copper phthalocyanine

(CuPc)dispersed in polyurethane nlrn in、 vhich the traps

開 鰐
押
ed t°軸 航 山胡的 face of CuPc碑 対 cles a値

In this study,wヽe measured the TSC Of a thin illn of

β‐TiOPC,which is a very stable crystalline form in TiOPcs,

dispersed in polyester nlln in order to investigate the be‐

hav10rs of carrier traps, In particular, we discussed the

renectance of the appropriate trapping state as a function

of the electric nelds,the wavelengths Ofirradiated llght and

TSC peaks as a funct10n of difFerent thermal rising rates.

‖.EXPERIMENT

A.Fabrication of cell

mα鮎屯紺岳:器t肝群揺品潜品∫態盤監話を甘号8
be monoclinic,6 The phOtOcOnductive nlrn(lo μm)was

composed of 50 wt.% β―T10PC dispersed in polyester
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(TOyObO;Vylon 200)and coated on the glass,The struc‐

tures of T10Pc and polyester are shown in Fig.1.The giass

was prevlously deposited on a serni― transparent Au elec‐

trode.The selni‐transparent Au electrode、 vas then depos―

ited on the top of the nir., The transIIlittance of the Au

electrodes wヽas ixed at 60=L2ワ ろ,

B.TSC rneasurement

The TSc lneasurernent was carried out as follows.The

sample cell was placed in a cryostat under an Ar atino‐

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

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

diated by a 500-W Xenon lamp for 3 1nin at an appropriate

wavelength with a band pass ilter.The light and Vb were

then turned onR″ rhe terrlperature of the nlln was raised at

a constant rate,and the TSC was lneasured by an electroln―

eter under the applying of the c01lecting voltage(Vc).

lH.RESULTS AND D:SCUSSiON

A.TSC and apptied voitage dependences

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

obtained by irradiatlon of、 vhite light at loo K,and curve

( b ) W a s  n O t  i r r a d i a t e d . T h e  p e a k  a t  1 6 °C  w a s  m e a s u r e d  f o r

bOth (a)and (b).Itヽ vas also obtained in the″「SC ofthe

polyester illn, and depended on the applied Vbs. There‐
fore,this peak would be due to a relaxation Of dipoles in

the polyester.A peak at 一-55°C was considered to be the

carriers detrapping,that is,the carriers were produced by

light irradiation and held many traps in the photOcOnduc‐

tive layer.

As a result of thc TSC measured at varlous Vc's,the

TSC peaks,resulting frona the detrapping,shift to a lower

temperature H/ith increasing electric neld. They are ex。
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peak wヽith the detrapping、vas not afFected by Vc.The po‐

larity was rneasured at reverse polarity Of the applied Vb.

Thus,the applied Vb produced polarized dipoles and in‐

ternal electric nelds were formed in the layer.As a result of

calculations using TSC curves at varlous applied Vc's,the
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FIGl l,Structures of β‐TiOPC and polyester,

temperature dependences on the internal electric neld

agreed with relaxation of polarization obtained by the

TSC.

B,Wavelength dependences of photoinduced TSC

Figure 3 shows the TSC rneasured at varlous wave―

lengths of irradiated llght,As shown in Fig, 3,theヽ wave‐

lengths of 340,679,and 780 nHl are the peaks of absorptlon

on the β‐T10PC nlm,respectively.The absorption at 483

nFn ShOWs the lninilnurl of the energy level.The amounts

of TSC were signincantly afFected by theヽ wavelength irra,

diated;however,the temperatures of all TSC peaks were
一-55°C.That is,the amounts of photocarriers captured in

trapping sites depended on the wavelength ofthe irradiatcd

light,and the trapping levels,of course,werl Still the same

工80   -60   -40   -20     0
Temperattlre(°C)

FIG.3.Photoinduced TSC curves at various wavelengths.Vbi 5×104

(V/Cm),VCt 2.5×103(v/cm),β :0.093(K/s).Numerals in ngure in‐

dicate the wavelengths of irradiated light.

energy levels.Because of the high absorption ettciencies at

340 and 679 nnl, many carriers yteld at the surface of a

nirn; therefore, the carrier density and the probabllity of

recombinationsヽ Ⅳould increase in the surface vicinity,On

the contrary, the carriers produced at 483 nm would be

uniforrnaly distributed in the bulk. ′ rherefOre, carriers

could be suttciently captured in trap sites.Since an absorp‐

tion of 780 nIIl is predicated on the aggregation of T10Pc

molecules,the trapping rnechanism will be diIFerent.From

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

probability of recombinations were reduced by the aggrea

gation;thcrefore,a few′carriers can be held in the trap site

of the bulk.

C.Trapping sites analysis by activation energy

Since the dipolc polarizatlons of polyester is signin‐

cantly afFected by the TSC peaks resulting from the detrapロ

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

nrll light was used to avoid the Dember efFect. Figure 4

sho、/s the TSC curves at various heating rates at a collectロ

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

higher temperatures H′ ith increasing heating rates. The

Eal, 、vhich indicated deep trap depths, could be deterロ

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

where TIn is the temperature ofthe maximum ofthe'rSC

peak,β  is the heating rate,andた is the Boltzrnann con‐

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

5.The trap Eal deterrnined frona the slope of the curves is

O.42 eV)ヽwhich means a main trapping level・  In addition,

Ea2 was obtained by an initial rising method rellecting
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FIG。2,Measured TSC curvcs.Curve(α )iS a result of irradiated light at
100 K, and curvc(b)iS nOt irradiated`Vbi 5× 104(v/cm), VC:

2.5×103(v/cm),β :0,093(K/s).
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FIG`4・TSC curves of various heating rates at 2.5×103v/cm.

shallow trapping levels・ From the equation of in(r)=

― (Ea2/た r)十 C,Where r is the FneaSured TSC and C is

a constant, Ea2 E=0.033 eV was calculated fronl the rela‐

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

trap sites are classined into three domains in this illn,that

iSi(1)Within the β―TiOPC particles,(2)within thc poly白

ester,(3)at the interface,These trapping levels will be

large distributions,In fact,they lwould be distributed from

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

描 路 猟 潜 赫 縦 古:岳路 混縛 航 描 鮮 撚 ::

He proposed the deep traps of Ea(0,4 eV)in thC Sarne

electric neld,and obtained′ rSC curves also silnllar to that

Of β‐TiOPC・ However,β ‐TiOPC has two trapping levels of

shallow and deep. ′rhe phOtocarrier generating abllity of

thc β口T10PC is superior to that of c―CuPc.The reason can

EQ2=0.033ざ
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FIG,6.Arrhenius 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ヽ would control the rnobllity and

life time of the carriers,

lV.CONCLUS10N

This investigation shows the estirnations of trap levels

by the TSC technique on a thin alm Of βoT10Pc dispersed

in polyester, The ↓ rap 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 relax―

ation of dipoles in polyester due to the dependences on bias

voltage.The carriers were produced by the irradiation of

light at an appropriate electric fleld. A TSC peak at ―

55°C 、vas a result of carrier detrapping frorn trap sites,

probably in β
―T10PC Or at the interface of β‐TiOPC and

polyester.
The amounts of TSC were signincantly arFected by the

wavelength of the trradiated light, however, all the mea―

sured TSC peaks were at the same temperature in the same

electric neld, That is, the amounts of photocarriers cap‐

tured in trapping sites lwould depend on the light absor‐

bances in the photoconductive nlln.In the case of a large

absorbance,Inost of the photocarriers are generated at the

vinicity of light‐lrradiated surface,and recombinations do

occur.On the contrary,for the case oflow absorbance,the

itteCted light can generate many photocarriers before re‐

combination at a long distance; therefore, many carriers

can be captured in the trapping sites, and measured by

TSC analysis.

As a result of an initial rising rnethod and heating rate

dependences,we can estilnate the shallow traps of O.033 eV

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

photoconductive nll■ .The photocarrier generation and the

transport of carriers are not inhibitcd by these shallow

traps,ho、vever,deep trapsヽ戸ould control the mobility and

llfe of the carriers in bulk.
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FIG.5,ln β/Tm2 vs 1000/Tm`Tm is the temperature corresponding to
a peak current for a given TSC curvc with a heating rate(β).
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