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ABSTRACT

Photo-crystallization of a-Se films (75~9O°C) vas discussed tiy

optical microscope observation and electrical conductivity measurement. Kinetics

of phase transformation vas presented using the Avrami equation and. a suggested

model for the conductivity of a binary system. So change in the activation

energy of crystallization by illumination vas indicated.
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Photo-enhancement of the crystallization behaviour of a-Se has been

indicated for thin films deposited in vacuum or thicker samples prepared
k)

by pressing hot Se , through optical and electron microscope observations.

No kinetic study has been presented so as to identify separately which aspect

of photo-crystallization is being enhanced by illumination, since crystallization

of Se involves the product of several phenomena. In a previous vork

on a bulk Se sample, it vas shown that light affects a thin surface layer

by increasing the number of crystallization centres through photo-nucleation.

This paper presents a kinetic study of the crystallisation of a-Se

layer exposed to white light. The dc electrical conductivity was used to

monitor phase transformation, and a suggested model for theconduetivity of a

binary system vas applied to account for the crystallized part as a function

of time

EXPERIMENTAL

Sample layers C-wiy) of a-Se (99-99X pure) vas prepared by vacuum

deposition ( * 10 Torr) onto glass substrates held at room temperature. Gold

electrodes vere directly deposited onto the leading edges of the layer using

proper masks. A 250 watts mercury-arc was used for white light illumination

at normal incidence from the free surface side. The IB portion was filtered

to prevent any heat effect of irradiation. Phase transformation vas monitored

by measuring the dc resistance continuously during the process (i man.

interval) using a vibrating Heed electrometer.

RESULTS AMD DISCUSSIONS

Fig.l shows the change in conductivity o (represented as log o) with

time during annealing at three temperatures in absence and presence of

illumination (at the same level) for six samples prepared at a time. The

external morphology of the grown crystallites after complete process as

observed from the free surface side are shorn in the reflection micrographs

of Fig.2.

From the o vs.., time displaces tvo distinct stages, ab and be, are

noticeable. The former (see Table I) is associated with no appreciable in-

crease in a . It can be correlated with the formation of fine crystalline

centres (and possibly some normal heating effect) that have to grow at the
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expense of the. amorphous material. The latter (stage tic) corresponds to the

main increase in c . This increase by about two orders of magnitude reflects

the growth of surface crystallites already formed during &0, or sporadically

initiated.

Illumination at low temperatures reduces effectively the duration of

stage ab (60j£ at 75°C), while stage be remains apparently unaffected. This

photo-effect can be explained as due to intensive photo-nucleation providing

an increased number of crystallization centres as directly revealed from

photographs of Fig.2. It may be simply due to activation of heterogeneous

nucleation sites. The presence of these intensive photo-nuclei was previously-

indicated on the bulk surface during the crystallization of Se bulk sample

The growth kinetics (stage tc) can be studied on the basis of the

Avrami equation

5)

exp(-Kt

where 8 was calculated from the conductivity measurements using the

equation

(1)

The two predicted modes (in absence and presence of illumination) are

energetically similar and their energies compare favourably with the value

15.1 Kcal/mole (80-110°C)obtained previously for a bulk sample on the basis

of another 8,. - <J characterization 9 ). These values are slightly less than^

the value 18.h Kcal/mole (TO-11O°C) obtained from X-ray diffraction studies

or the value 19-2 Kcal/mole estimated for chainfold energy

Illumination has no influence on the growth kinetic parameters n, K and

E. It reduces effectively the duration of a stage correlated with nuclei

formation by intensive photo-nucleation.
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(2)

previously suggested for the conductivity o of a binary mixture . o

t a
and o are the conductivities at points b and c , respectively.

The plot of in(- tne t) vs JLn(t) shown in Fig.3 takes on two distinct
slopes corresponding to two different values of n and K in the rate
equation. Table II gives the values of n deduced graphically and the
corresponding average values of K computed from

K = Jln(l /e t) / tn . (3)

A change in n indicates a change in growth mechanism during
ft \

crystallization, a. phenomenon described previously for bulk Se , in terms
of primary and secondary modes. Primary mode reflects the growth of non-
contacting spherulites, while secondary mode is correlated with welding of
adjacent crys ta l l i tes .

The activation energy E of crystallisation can be deduced as the
slope of a. plot of £n(K) vs 1/T, assuming a relation of the Arfcenious form.
Fig.U is just such a plot and the deduced values of E are given in Table I .
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Table I:

Time duration (min.)

Temp.

"C

75

78.5

90

fTonilluminated

at

70

33

22

be

75

39

21

Total

145

72

43

ab

28

15

22

Illuminated

bo

75

37

21

Total

103

52

43

Reduction

time for

60

55

0

% in

<ab)

Change in conductivity ( A C i 10 ) (obm cm )

Temp

°C

75

78.5

90

Nonilluminated

ab be Total

0.0 83 83

1.6 394 395.6

4.7 461 466

Illuminated

ab be Total

0.0 359 359

1.3 1408 1410

4.6 451 455

Increase % in

b. (Tfor (Total)

333

256
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Table

Temp,

°C

75

78.5

90

11:

n

E

n

K

n

K

(9

(1

(2

Values of n and K
Honilluminate d

lry mode

1.10

.08±.37)10~4

1.28

.1O±.O2)1O~3

1.24

.22*.03)10"3

(1

(2

217

47±

.86*

mode

-

.8k

.O4)1O~2

.80

,04)10~2

(1.

[1.

[2,

Illuminated

lry mode

1.10

O2±.O5)10"3

1.26

22±.O3)1O"3

1.20

39*.O7)1O"3

(1

(2

2ry mode

-

.90

10*.01)10"2

.84

,17±.O3)1O~2

Table ill: Values of E (Koal/mole)

Temp.

°C

75 -

Range

90

Nonilluminated

lry

15.1

2ry

14.4

Ilium: nated

lry

14.6

2ry

15.

-T-
-8-



Illuminated

(a) 1 =• 7&°C

(b) T m 78.5°C

(c) T = 90°C

tfagnlf. -450

i—
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