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ABSTRACT 

The optical phasefunction F = 2 8- PI-& was evaluated for Te 

films of thickness ranging from 83-380 A" for A = 5875 A 4 Its vari- 

ation with thickness and effect on the intensity distribution of the re- 

flected system of fringes were investigated . The optical constants of 

thick Te films were determined in the visible and in the near infrared 

regions. 

INTRODUTION 

Studying the phase properties of a thin evaporated film, name- 

ly the chnage of phase at reflection and in transmission, attracted 

many investigators. Barakat et a1 (I4) determined the variation of 

the phase change at reflection air / film, glass / fiim and in transmis- 

sion through thin f~lms using two beam fringes formed by a Roster 

iterference comparator and a Rayleigh refractometer. 

The effective refractive index n and coefficient of absorption K 

of thin Te films were determined by several methods in the spectral 

range 3700 A' to 20000 A'. Shklyarevskii (5), determined the optical 

constants of Te thin films in the visible region. 
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Interest in the infrared application possibility of Te arising 

from its ability for producing relatively large second harmonic, Batel 

(6); its laser induced photo effectes, Ribakovs et al (7) and large op- 

ricd activities, Adcs et al This generated a need for reliable val- 

ues for the optical constants of thin evaporated Te films. Moss 

H ~ 6 g  (lo), Hodgson (I1), and SNke (I2) determined the optical con- 

stants for Te in the infrared region. 

EXPERIMENTAL PROCEDURE 

Tellurium in the form of powder of grade 99.999% was ther- 

mally evaporated in Vacuum better than 10" Torr from Ta boats at 

room temperature with a rate of 20 A"/ sec. Te films were deposited 

on optical glass substrates for the phase properties studies at h = 

$575 A", and on KBr for the infrared studies. The substrates were 

held 15 Cm distance tangential to the Ta boat containing Te pow- 

dered. Films for different investigations were simultaneously pre- 

pared and left in vacum overnight before removed from the vacuum 

chamber. 

The thickness of Te films were measured by Tolansky's meth- . 
od(13) The choice of the overcoating metallic layer is restricted in 

this method for measuring the Te thickness to A1 since diffusion of 

Ag takes place in Te. 

The experimental procedures for determining the phase 

change at reflection air / Te D l ,  galss / Te P2 and in trasmission 
(1-4) through thin Te films were reported according to references . 
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For the determination of the optical constants of a thick layer 

of Te from themeasurements of phase change at reaction glass / 

Te and ZnS / Te, an optical flat of thickness llmrn and degree of 

flatness i: 0.001 mm was used as substrate. A cleaved sheet of 

mica with sharp edge has been used as mask allowing half the sub- 

strate to be exposed to evaporated vapours of ZnS under reduced 

pressure of less than Tom. After rendering the evaporation 

chamber to atmospheric pressure the mask was rotated through 90' 

with its edge adjusted passing by the center of the circular sub- 

strate. The usual steps for evaporation of Te wereTollowed and an 

opaque layer of Te was evaported on the exposed half of the sub- 

strate. It was then left to cool under vacuum. The substrate was 

then divided into four quarters as shown in plate l(a). 

The substrate was then introduced inthe passage of light in 

Koster comparator, held up-right down such that the incident beam 

suffered reflections at glass / air, glass/ Te, ZnS / air and ZnS/ Te 

interfaces. 

Plate 1 (b) shows interferograms corresponding to the four 

quarters for I = 5015 A' and 5875 A' respectively. The result of 

measuring the fringe shift due to ZnS/Te-ZnS / air and that due to 

glass / Te-glass/ air lead to the determination of the phase change 

at reflection ZnS I Te and galss / Te, which is and p2 respective- 

ly. 
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plate (1) 

P h a s e  d i f f e r e n  c r  

P h a s e  d i f f e r e n c e  

plate (2) 
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The measurements of the variation of percentage transmis- 

sion with wavelength were done using Beckman Spectrophotometer 

IR 4220. 

RESULTS AND DISCUSSION 

The variations of phase change with thickness at reflection air 

/ Te PI,  glass/ Te P2 and in transmission through thin f ims are il- 

lustrated in Table (1). 

Table (1). 

- 
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For Te thickness t< 423 A" succesive maxima and minima oc- 

cur due to multi-reflections within Te film. Then pIincreases with 

t till saturation occurs at 586 A' where PI  remains constant at 

1. 98 z, while p2 attain constant value for t > 586 A' indicating that 

Te films behave like bulk Tellurium. The constancy of the phase 

change at reflection for films thicker than 586 A" enables the deduc- ' 

tion of the optical constants of bulk Te. 

Fig. (1) shows the variation of the experimentally determined 

values of the phase function F of Te films with thichess over the 

range 83 A' up to 380 A" only, because of the drop in the transmit- 

ted intensity. Such curve show3 that the F-values for evaporated 

Te films are within - (2nzk 0.05~) for films of thickness raging from 

110 A" to 380 A" and less than - 211: for thickness less than 100AO. 

The error in the meausrrnent of phase change is within 1.25%. 

This result has been confJJed by forming multiple-beam fring- 

es at reflection using such films as the upper component of the in- 

terferometer, facing the incident light. The radiance of the multiple 

beam reflected fringes was redistributed so that transmission-like 

fringes appeared for all thicknesses 2 100 A" at h = 5875 A'. The 

only difference is hte elevation of background as the thickness in- 

creases. Plate 2 (a, b) shows the microphotometric tracing for 

transmission-like fringes with high background and transmission- 

like fringes respectively. 
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In the visible region, at h = 5015 A", h = 5875 A" and k= 6438 

A", a method has been performed for the determination of the optical 

constants of evaporated Te films of thickness about 1000 A" repre- 

senting the bulk. This method is based on the experimental deter- 

mination of phase change at reflection ZnSlTe and glass / Te by us- 

ing the Koster interferecne comparator followed by calculations 

based on fonnulea derived from the electromagnetic theory and giv- 
1 en by Born and Wolf (I4). 

If the film is evaporated on two different substrates of refrac- 

tive indices nl& 3 at a certanin wavelength andPl&P2 gives the 

change of phase substrate/ film in units of angles at the same 

wavelength. 

Then for a thick bulk film, where only a single reflection at the 

substrate/ film interface is operative, the formula derived from the 

electromagnetic theory can be reduced to: 

2nlK 
fan ' = n: - (n2 +K2) 

and 

thus 
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Substituting for n2+ IC2 obtained from (3), using expermintally 

found PI and p2 values into (1) or (2) calculating n and K. The cal- 

culated values of n and K are reported in Table (2). It is seen that 

the refractive index n increases with increasing the wavelength, 

while the absorption index k decreases with increasing the wave- 

length because of decreasing the absorption of tellurium in the near 

infrared region. This results are in good agreement with the previ- 

ous published results. 

Table (2) 

In the range of the LR. spectrum (2.5-12p), the optical con- 

stants of Te films of thickness 1200 and 1500 A" deposited on KBr 

substrates were determined by measuring the transmissitivity of 

these films at different wavelengths. 

Figure (2) shows the variation of the percentage transmission 

T with wavelength in p for the two film thickness. 

According to Heavens (IS), the percentage transmission is re- 

lated to n, K, d and h by the following equation: . 
1611 (n2 + K ~ )  e -4dfKd 

T= 
{ (nl + n12 + K ~ )  {(ne + n)2 + K ~ )  

(4) 



100 200 300  LOO 
T H I C K N E S S  IN 

Fig. (1) variation of the phase function with the thichess of evapo- 
rated Te film for h = 5875 A" 

Fig. (2) Infrared spectra of thin tellurium films. (a) Film thickness 
120 nm @) Film thickness 150 nm 
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s, 

where n and nl are the refractive indices of the medium and sub- 
* 

strate respectively and d the film thickness. 

Taking into account the stability of n and K for thick Te films 

the values of K were calculated from equation (5) and represented 

in Fig.(3) 

TI  and T2 being the values of percentage transmission for thick- 
- nesses dl and d2 respectively and h the wavelength corresponding 

to TI and T2. Fig. (3) shows that K have a peak at li = 3.25 p, then 

it decreases gradually and increases again giving another peak at h 

The values of refractive index n can be calculated, using the 

values of T, K, d, nl = 1.55 and no =1, fiom equation (4) and repre- 

sented in Fig. (4). Such curve shows that, there is a sharp decrease 

in the values of n to a minimum value at h = 3.240 p then it increas- 

es to maximum at h = 5.75 p, and decreases again gradually. 

CONCLUSIONS 

1- The optical phase function F of the evaporated Te films effect on 

the intensity distribution of muliple -beam interference fringes at 

reflection, where for d l  thickness 2 100 A" at h = 5875 A", trans- 
- mission-like fiinges will appea with only difference which is the 

elevation of the background as the thickness increases. 



WAVE LENGTH h ( p m  ) 

Fig (3)  Extinction coefficient K as a function of X 

WAVE LENGTH A ( p n )  

Fig.(4) Refractive index n as function of h 
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2- In the visible and near infrared regions, refractive index and ex- 

tinction coefficient of thick Te films, have been calculated at dif- 

ferent wavelengths. The results agree with the previous pub- 

lished data with a slight variation attributed to the difference in 

mode of preparation. 
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