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EVAPORATION CHARACTERISTICS OF Se/Te ALLOYS AS APPLIED TO 
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MITSURU NARITA, AND YASUO NAKAURA 
Fuji Electric Co., Ltd., 2666  Tsukama, Matsumoto, Nagano, 
Japan 

Abstract 
of SeTe alloys have inhomogeneities in stoichiometry because 
of the differences in vapor pressures of the individual 
elements. 
surface of the devices is considerably higher than the rest 
of the film. This is termed as "fractionation". It has 
been observed that the fractionation characteristics of the 
SeTe alloys are dependent on the quenching temperature 
during the alloy preparation which in turn affects the 
electrical properties of the photoreceptors. 

Xerographic devices obtained by vacuum deposition 

As a result the concentration of Te on the top 

INTRODUCTION 

The structure of selenium depends to a great degree on the 
quenching temperature when molten selenium is poured into pure 

water. The content of &ring selenium, as opposed to chain 
selenium, is inversely proportional to the quenching tempera- 
ture. 
selenium is directly proportional to the quenching temperature. 
These properties are the same for Se/Te alloys, and they affect 

fractional distillation of selenium and tellurium when the alloys 

are heated in an evaporation source for vacuum coating. The 
fractional distillation level is inversely proportional to the 
activation energy of crystallization. The electrical characteris- 
tics of photoreceptors depend on the tellurium fractionation 
levels. 

However, the activation energy of crystallization of 1- 2 
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ALLOYING CONDITIONS 

The h igh  p u r i t y  SeTe a l l o y s  wi th  5% and 10% by weight Te  con ten t s  

were prepared a t  400°C us ing  qua r t z  v e s s e l s  equipped wi th  stirrer. 

The molten m a s s  w a s  quenched a t  temperatures  ranging from 270°C 

t o  380°C by pouring i n t o  pure  water he ld  a t  6OoC. 

eva lua ted  i n  t h i s  s tudy  inc lude  pure S e ,  SeTe a l l o y  (5% by weight 

Te) and SeTe a l l o y  (10% by weight Te ) .  

Evaluat ion of t h e  Ac t iva t ion  Energy of C r y s t a l l i z a t i o n  

The a c t i v a t i o n  energy of c r y s t a l l i z a t i o n  is ca l cu la t ed  by 

Ki s s inge r ' s  m e t h ~ d ~ - ~  of a n a l y s i s  by using t h e  d a t a  of DSC 

( D i f f e r e n t i a l  Scanning Calor imetry)  taken  a t  the  hea t ing  rates of 

5 ,  10, and 50°C/min. The r e l a t i o n s h i p  between t h e  temperature  

of t h e  peak of t h e  exotherm (Tm i n  K) and t h e  hea t ing  ra te  ($ i n  

K sec- l )  w a s  f i t t e d  t o  t h e  fo l lowing  formula;  

d [ I n  ($/Tm ) ]  / d (l/Tm) = - E/k,  

The materials 

(1) 
2 

where E is  t h e  a c t i v a t i o n  energy and k is  Boltzmann's cons t an t .  

F igure  1 shows t h e  r e l a t i o n  between t h e  molten temperature  of t h e  

a l l o y s  be fo re  quenching and the  a c t i v a t i o n  energy. 

FIGURE 1 Molten temperature  on quenching and a c t i v a t i o n  
energy,  
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Evaluat ion of t h e  Rat io  of 8-Ring and Chain Se 

The r a t i o  of 8-ring S e  t o  cha in  S e  is eva lua ted  from t h e  rate of 

absorbant  peak i n t e n s i t y  of %-ring Se,  254 CIQ , and of cha in  Se,  -1 

140 cm-l, by FT-IR (Four ie r  Transform I n f r a r e d )  5 . Figure  2 shows 

how t h e  quenching temperature  a f f e c t s  t h e  s t r u c t u r e .  

FIGURE 2 Quenching temperature  and s t r u c t u r e .  

Vacuum Coating 

The a l l o y s  w e r e  evaporated onto  an aluminum s u b s t r a t e  i n  a 

vacuum t o  form photoreceptors  which are c a l l e d  photoconduct ive 

drums. Vacuum coat ing  cond i t ions  were as fo l lows;  t h e  vacuum w a s  

set  a t  t o r r ,  temperature  f o r  evapora t ion  w a s  3S0°C, s u b s t r a t e  

temperature  w a s  5 O o C  and t h e  evapora t ion  source  w a s  an i n d i r e c t  

hea t ing  Knudsen type .  The r e s u l t i n g  f i l m  th i ckness  w a s  approxi- 

mately 50 um. 

Evalua t ion  of t h e  F r a c t i o n a l  D i s t i l l a t i o n  Level  

I n  o rde r  t o  eva lua te  t h e  f r a c t i o n a l  d i s t i l l a t i o n  l e v e l ,  a depth 

p r o f i l e  of t h e  f i l m  w a s  analyzed by EPMA (E lec t ron  Probe Micro- 

a n a l y s i s ) .  For EPMA, a c ros s - sec t iona l  sample w a s  taken and 

coated wi th  epoxy r e s i n  t o  hold i t  i n  pl-ace and then  pol i shed  t o  

a mi r ro r  f i n i s h .  A t y p i c a l  depth p r o f i l e  of t e l l u r i u m  is shown 

i n  F igure  3 .  The f r a c t i o n a l  d i s t i l l a t i o n  can be determined 
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quantitatively. In Figure 3, there are three distinctive changes 

of tellurium concentration, P1, P2 and P3. The authors suggest 

that the fractional distillation be defined as P3/P2 because in 

the region between P2 to P 3  there exists the highest rate of 

fractional distillation. Figure 4 shows how the activation energy 

of crystallization (A.E.C.) and the ratio of 8-ring and chain Se 

affect the fractional distillation level (F.D.). 

- --i 
I t 

e u r f . c .  s u b s t  r a t e  

F i l m  T h i c k n e e s  (em) 

FIGURE 3 Te depth profile 
by EPMA. 
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FIGURE 4 F.D. vs structure 
and A.E.C. 

It is concluded that when the concentration of 8-ring Se is 

higher, since the binding energy is as follows; Se-Se 184.1 
KJmol-l, Se-Te 169.9 KJmol-l, Te-Te 138 .O KJmol-I as calculated 

by L. Pauling’s equationY6 and the vapor pressure of Se, 417 K at 
lov5 torr, is higher than that of Te, 527 K at 

tional distillation becomes larger. 
torr, frac- 

ELECTRICAL CHARACTERISTICS 

To investigate the effect of how the fractional distillation 
level affects the electrical characteristics of photoreceptors, 
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EVAPORATION CHARACTERISTICS OF Se/Te ALLOYS 369 

7-8 the following techniques were used; Xerographic spectroscopy 

which is used for the evaluation of gap state and Depletion dis- 

charge' which is used for the evaluation of dark decay. 

Xerographic Spectroscopy 

Figure 5 shows a measuring system of Xerographic spectroscopy. 

In this system, charge and exposure were repeated as the photo- 

conductive drum was revolved until the amount of dark decay and 

the build-up of residual voltage were saturated as shown in Fig. 

6. After saturation, the drum was stopped and the residual 

voltage decay was measured and evaluated by using the following 

formula; 8 

where Pt(Em) is distribution of local state density, e is 

dielectric constant in a vacuum, e is dielectric constant of 

samples, L is film thickness, k is Boltzmann's constant, T is 
sample temperature, V (t) is residual voltage at time t, Em(t) 

is trap level above valence band and v is attempt-to-escape 
frequency. 

is evaluated as shown in Figure 7 .  

0 

S 

R 

Thus Gap state as measured by Xerographic spectroscopy 

C o r o n a  
c h a r g e r/-[ I P t o t t e r l  

D r u m  

Figure 5 Xerographic spectroscopy. 

The relationship between the fractional distillation rate and 

the energy above valence band and the gap state density are 
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.-.... ......___.__._______ 

R e s i d u a l  
V o l t a g e  

D e c a y  
.___.__.__.._..... .---.- 

T i m e  E n e r g y  A b o v e  
V a  I e n c o  B a n d  ( e V )  

FIGURE 6 Data  of F i g u r e  5 .  FIGURE 7 Gap s ta te .  

shown i n  F i g u r e  8 and F i g u r e  9 ,  r e s p e c t i v e l y .  

we t h e o r i z e d  t h a t  t h e  s h a r p  s l o p e  of t h e  T e  depth  p r o f i l e  i n d i -  

c a t e s  some s t r u c t u r a l  d e f e c t s .  These d e f e c t s  l e a d  t o  an  i n c r e a s e d  

From our  r e s e a r c h ,  

gap s t a t e  d e n s i t y  and a deeper  t r a p  l e v e l .  

> I m’ 

S o / T o  5 %  
m 

0.8/ . , I 3 ,,~ , . , 

C 
v) 

1.5 2.0 1.0 1.5 2.0 ,i 
W F r a c t i o n a l  (I F r a c t i o n a l  Dieti I I a t l o n  R m t o  P3/PZ D I a t l l l a t l o n  R m C m  P3/PZ 

FIGURE 8 Trap level .  FIGURE 9 Trap d e n s i t y .  

D e p l e t i o n  Discharge  

F i g u r e  10 shows a measuring system of D e p l e t i o n  d i s c h a r g e .  A f t e r  

a charge  i s  a p p l i e d  on t h e  photoconduct ive  drum, when t h e  charged 

p o i n t  r e a c h e s  t h e  Probe which measures t h e  s u r f a c e  v o l t a g e  of t h e  

drum, t h e  drum r e v o l u t i o n  i s  s topped  and t h e  d a r k  decay v o l t a g e  

i s  measured. F i g u r e  11 shows the d a r k  decay curve .  D e p l e t i o n  
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FIGURE 10 Measuring system of d e p l e t i o n  d ischarge .  

t i m e ,  Td,  is acqui red  by leg- log p l o t t i n g  of dark  decay t i m e  

a g a i n s t  a d e r i v a t i v e  of dark  decay v o l t a g e  over  decay t i m e  

0 
4 

? 
D a r k  d e c a y  > 

U 
v 

m 
0 
9 

V 

T i m e  

T d : D e p l s t i a n  

i \ e  

l o g  T i m e  

FIGURE 11 Dark decay curve.  FIGURE 1 2  Deplet ion t i m e .  

F igure  13 shows t h a t  when t h e  f r a c t i o n a l  d i s t i l l a t i o n  level is  

h i g h e r ,  the d e p l e t i o n  t i m e  is s h o r t e r .  

t h e  t e l l u r i u m  concen t r a t ion  i s  h ighe r  toward t h e  s u r f a c e  due t o  

f r a c t i o n a l  d i s t i l l a t i o n ,  t h e  band gap of t h e  s u r f a c e  is  narrower 

and t h e  a b i l i t y  of charge acceptance i s  less.  

It i s  concluded t h a t  when 

SUMMARY 

I n  summary, t h e  f i r s t  po in t  i s  t h a t  t h e  a c t i v a t i o n  energy of 

c r y s t a l l i z a t i o n  is  p ropor t iona l  and t h e  r a t i o  of 8-r ing t o  

cha in  Se i s  i n v e r s e l y  p ropor t iona l  t o  t h e  quenching temperature .  

Second, t h e  f r a c t i o n a l  d i s t i l l a t i o n  l e v e l  i s  p ropor t iona l  t o  t h e  
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I 

F r a c t l o n w l  
P i w t i l l a t i o n  R a t .  P 3 / P 2  

1.0 1.5 2 0  

FIGURE 13 Depletion time against fractional distillation. 

activation energy of crystallization, but inversely proportional 
to the ratio of &ring to chain Se. Third, the less the frac- 
tional distillation level, the shallower the trap level and the 

less the trap density, and further the longer the dark decay time. 
Therefore the quenching temperature determines the structure 

which affects the fractional distillation rate. Consequently, 
electrical characteristics are varied. 

The authors would like to thank Mr. M. Takashima and Mr. N. Senba 
for assistance in experiments, and Mr. A .  Tsukada and Mr. Y. Ito 
€or analytical techniques. 
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