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Abstract. Charge carrier transport properties of radiation - polymerized amor
phous and crystalline poly (N-vinylcarbazole) layers have been investigated. 
Poole-Frenkel conductivity in the former and space charge limited current flow 
in the latter case have been observed. Field and temperature dependencies of the 
charge carrier mobility and the respective activation energies have been deter
mined. 

Poly (N-vinylcarbazole)-PVK has been selected as a model substance in the study of 
charge carrier generation and transport in many investigations, both experimental and 
theoretical [1). However, results in many of the investigations are given without noting 
the materials structure. The latter explains the observed considerable scatter of the data 
on the charge carrier transp01t. Obviously, the experimental results have to be always 
discussed with regard to the corresponding physical structure of the material used. This 
paper deals with the charge carrier transport mechanism in PVK layers with regard to 
their physical structure. 

1. Experiment 

Two types of PVK layers were investigated. The first one was of polymer obtained by 
radiation polymerization. The radiation-polymerized PVK, with a molecular weight of 
7.4x 105 is denoted PVK-r. The PVK-r layers were prepared by pouring acyclohex-
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anone polymer solution on a substrate, followed by a vacuum evaporation of solvent at 
375 K. The X-ray diffraction analysis of PVK-r layers indicates an amorphous nature 
with a certain presence of regions having different degree of polymer chain ordering [2]. 
The polymer for the second type layers was crystalline PVK with molecular weight of 
9 .6 x 105 , obtained from radiation-polymerized PVK by heating for two hours at 570 K 
in vacuum of 10-2 Pa. Degree of crystallization of about 80 %, was detennined by 
measuring the layer's density, according to Griffiths [3]. The corresponding layers are 
denoted PVK-r-k. A rod-like crystallites structure with high degree of polymer chain 
ordering is typical for PVK-r-k layers, as proved by X-ray diffraction and a small angle 
of light scattering (SALS) [3, 4]. 

Electrical measurements were carried out with sandwich type samples of PVK layers 
with thickness d = 2-10 µm in a vacuum cell (at 5 x 10-4 Pa), allowing temperature 
measurements. 

2. Results and Discussion 

A typical current-voltage characteristics of amorphous PVK-r layers are shown in 
Fig. 1. As can be seen at a lower voltage the dark current is an ohmic current; above a 
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Fig. 1. Current-voltage characteristics of amorphous PVK-r layers 

(a) Dark current vs applied voltage: I - layer thickness 2 µm, U1r = 11 V; 2 - layer thickness 
10 µm, U1r = 48 V; (b) Specific dark conductivity vs applied electric field 

certain transition voltage Utr a superlinear dependence of the type I ~ un is observed. 
The dark current is the same for different layer's thicknesses at the same field. The 
transition voltage is proportional to the layer's thickness and it is independent on the 
materials - Ni, Mo, Au, Ag and Al which have been used as electrodes. The value of 
n decreases at electric fields above 2 x 107 V /m due to a limited . ohmic behaviour of 
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the contact. The dark conductivity field dependence (Fig. lb) corresponds to the Poole
/3 £1 / 2 

Frenkel relation apF = a0 exp r~ ; the experimentally detem1ined value of the ·T 
Poole- Frenkel coefficient f3PF, 4.37 x 10-5 eV (m/ V) 112 is in good agreement with the 

( 

3 ) 1/ 2 
theoretical one f3 = _e_ = 4.375 x 10- 5 eV (m/ V)112 for the layer's dielectric 

7rcc0 

constant of 3.0. M. Ikeda [5] investigating the dark conductivity of undoped and dye 
doped PVK films at 298, 276 and 208 K has observed that the field dependence of the 
dark conductivity follows the E 0 ·6 power law rather than the £ 1/ 2 power law of the 
Poole-Frenkel type expression. 
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Fig. 2. Current-voltage characteristics of crystalline PVK layers 

(a) Dark current vs applied voltage: 1 - layer thickness 4.2µm, Uir = I 0 V; 2 - layer thickness 
6 µm, Uir = 18 V; 3 - layer thickness I Oµm , Uir = 48 V; (b) Dark current density vs layer thickness: 
lb - applied voltage U = I 0 V (ohmic current); 2b - applied voltage U = 60 V (SCL current) 

It is of considerable importance to know how the crystallization of the radiation
polymerized PVK influences the polymer's electrical behaviour. The electrical char
acteristics of crystalline PVK-r layer show quite a different mechanism of electrical 
conductivity than that in the latter case. Figure 2 displays current-voltage character
istics of crystalline PVK-r layers. The nonohmic dark current behaviour indicates the 
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presence of space charge limited current (SCLC) - the current depends on the layer's 
thickness even at the same field and the transition voltage is proportional to the sec
ond power of the layer thickness. Thus, the nonohmic current satisfies the relation 

u m+i 
I ~ -d--, where for the quadratic range m + 1 = 2, while at higher voltages m 

2m+l 

+ 1 > 3 is observed. The steepest part of the current-voltage characteristics (m + l 
> 3) corresponds to conditions when all traps become populated. An estimate of the 
traps density Ni from that part of the curves gives a value of N i= 3x 1020 m - 3. The 
current-voltage dependence, which is characterized by the dependence of the coeffi
cient (m + 1) on the voltage, allows us to assume rather a Gaussian distribution of the 
traps energy, than a discrete one or an exponential distribution [6]. 

Fig. 3. Field dependence of charge 
carries mobility in amorphous and crys
talline PYK layers: J - PYK-r layer (3 
= 5.72 x l0-5 eY(Y/ m)-!; 2 - PVK-r-k 

layer (3 = 7.69 x 10- 6 eY (V / m)-! 

10-9 To =360 K 

~ 

I 

"' 10- 10 
I 
> 

N 

5 
~ 

10- 11 
4 

10- 12 '-----''-----'---....J 

2 3 4 5 
r- 1 (103 K- 1) 

Fig. 4. Temperature dependence of charge 
carries mobility in PVK-r layer at different 
fields: J - E = 106 V / m; 2 - E = 107 V /m; 
3 - E = 5 x 107 V / m; 4 - E = 108 V / m 
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Let us consider now some results on the charge carrier mobility ~l in amorphous 
and crystalline PVK layers. The mobility has been determined by time-of-flight tech
nique [7). The experimental data can be fitted with the given by Gill [8] functional 

-(Eo - {JE ~ ) _ _ . 
fotm µ = µo exp k , where Te1/ = T - 1 

- T0 
1

; To is the temperature 
·Te ff 

corresponding to the intersection point of the extrapolated curves. In Fig. 3 is shown 
the field dependence of the mobility with coefficient f3= 5.72 x 10- 5 eV (V/m) ~ and 
7.69 x 10-6 eV (V / m) t for amorphous and crystalline PVK layers respectively, while 
Figs 4 and 5 display the temperature dependences of the mobility for the same PVK 
layers with the field as a parameter. The field dependence of the charge carrier mobil
ity activation energy Ea = E a - {JE ~ can be seen in Fig. 6 for the two types of PVK 
layers: here and above E 0 represents the extrapolated zero field activation energy. The 
crystalline PVK layers exhibit a considerably lower activation energy and a weaker 
field dependence than in the case of the amorphous PVK-r layers. 

0.8 ,------------. 

> 
~ 0.4 a 
~ 

2 

4 8 12 
£1 12 (103(Y/ m)l /2) 

Fig. 6. Field dependence of activation energy of charge carries mo
bility in PVK layers: 1 PVK-r layer; 
2 - PYK-r-k layer; dashed line - PVK: TNF = 1 :0.2 molar ratio 

3. Conclusions 

The PVK layer's physical structure affects the transport mechanism of the charge car
riers. The main mechanism in amorphous radiation polymerized PVK is controlled by 
the Poole-Frenkel effect, especially at higher fields. Probably the trapping centers of 
the charge carriers in this case are only incidental impurities and polymer chain bound
aiies. In the crystalline PVK there are different macro- and micro defects. A role of 
such defects may be attributed to the boundaries between the crystalline and amor
phous regions, as well as to boundaries between the crystallities (rod-like structure). 
All the above· mentioned "defects" act as trapping centers whose presence provides a 
reasonable explanation of the observed space charge limited current in the crystalline 
polymer, as discussed in [9] . 
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