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ABSTRACT 

The optinzum deposition parameters for 7'102  and SiO2  films for the multi- 
layer coatings are reported. The influence of residual pressure of oxygen in the 
range of 10 -4-10-5  torr, rate of evaporation between 1 and 22 A sec-1  and different 
oxides of titanium on the refractive index and transmittance of quarter wave films 
are studied. The characteristic absorption peaks are at 7.0/2 for TiO 2  and 9.5 it 
for Si0 2 . 11 to 21 layers of quarter wave tnultilayer stacks were tested for their 
durability and stability and found to be good. 

Keywords. TiO3  and SiO3  films; Optical properties; Reactive evaporation; Multilayer 
films of TO, and SiO3 ; and Laser Mirrors. 

I. INTRODUCTION 

Multilayer dielectric films find a wide application in several optical 
devices and instruments. The multilayer stack consists of alternate layers 
of high and low refractive index materials such as, ZnS (2.3), ZnSe (2.5), 
TiO2  (2.3), MgF2  (1.38), Cryolite (1-33) and Si0 2  (1.50). Most of the 
films except those of the oxides are soft in nature and sensitive to different 
environmental conditions. Multilayer stacks produced with the TiO 2  and 
Si02  combination are mechanically, chemically and thermally stable and 
are known as "hard coatings ". 

Films of these oxides can be prepared either by reactive evaporation 
of lower oxides such as TiO, SiO in the presence of oxygen or by electron 
beam evaporation of TiO 2  and Si02. In the process of reactive evaporation, 
the sub-oxide vapours and the oxygen molecules will arrive onto the substrate 
simultaneously and react with each other forming a strongly oxidised film, 
When the mean free path of the oxygen molecules is greater than the source 
to substrate distance. 

315 I.ISc--4 



uopriodrAa pug anbiuqoal pamosqo act  °sir pinop 	illoq kuoqdtuis 
o 14Aarn 	aq lou paau anbiuqoal uoprioduna annovai otil Jo alp J  

sonifevolodaiim JaAamoH 	swig  alp ur sal!s a231rep pur samara° Janros 

oicit.nsapun 01 spuai anbruqoal tugaq uomaia atj `saw° Jo swig aind pug 
*Ps Semonpoid u! SgtriurApt am Jo ai!dsui *gOIS Pule gOuL mum swig 
joArmitun jo uorionpoid am ioJ panaJaid uaaq sgq anblutpai uontiodgna 

turaq uospata `anbruqoal uogrJodgeAa angorai am u! slum am jo sound 
-old aqi no annundlual algasqns pug avea uopriodyta `amssaid ua2Axo 

qons sialaumard uoptioduna Jo aouanijui punoJoid am Jo Main U1 

suopuuNaloo anoqie am gursn sassans itripisal mot 
wet siatCripinui aonpoid oi aNissod aq prnoo Tr amialam pug sassans al!s 

-oddo liqpixa suriu zOIS Put Ick)II TM pamasqo 04 `ospir •y 00gg lu UR I 
put E•z sr papodai 0.10M saa!pu! 0AgOnjai 2U1p110tha.1.103 ala 'US 

ioJ i_oas y g pug ou, .10.1 -r_305 y E Jo an uoprioduna am twm slaw 
alquop Tumoisoqr-uou paonpoid pug gum 701S Puu zoa Jo uonisodap 
an eirrirrp troptpwo atm anoidun GI ua2Xxo imunau Jo pewit ua2Axo 
pap! pompom! [8 `Li] uguniajd '3 00047 1E 8 . Z pay aMIC.I0dWal UI00.1 

1E Mk areasqns am uaqm 6. I seem suqg zo!! Jo xaput aAnotiJai am rem 
pavoclai pwe zouj  Jo smiu paitiodgna Ala/moral Jo xam 0AllOtijai UO aiintz 

-Awn alr.nsqns Jo loalla am Twins [9] •v ja uasirequapunG samssaxl 

tio2Axo jo as13anU1 ur mItik pasuanap swill am Jo ssaupigq am pug xapu! 

3toorijai am 11341 pamoqs stuiu gaa U0 Ed i Jallim Jo suo!reglIsamll 

•asrqd goals Jo uopstufloJ 

IT1 2u!inongJ 01 ugqi .10giR1 sonren am myik cdfd Jo sate am gulAign 

Aq pau!mqo oq pinoo cozts `gots tis sasyqd aanin am Tem pamasqo Aam 

clal-Pind 'T_OaS y *En am uonisodap am st nr pug 1104 u! ua2Axo Jo alussaid 
lenied 041 5! j  3104Mt Yid' X 901 x 90- I = did 0104A `sainaajotu modrat 

341 02 sainmotu ua2Axo jo ongi am sg paugap Si qa!qm 
dfd Japturird am 

Pn  will °ppm uomps Jo samadoid am uaampq cittisuopriai anbiun in Si 

31341  NT PUTIOJ [v] 70 /9 uosmop pug [E] olstisruv 401S 02 0!S Luau 

saut143  mill alp Jo asgqd am su 9j,• 1 al 0.z W0.1.1 Ann `stuiu apixo uooms JoJ 

s'7311311i angogiJai jo sanitA poliodai au •74 E .0 mopq vosqv swiU sO
g!S 

73"laqm  71  Z.0 02 umop uoncliosqg U10.IJ aaJJ an zprnb Jo uopriodiena turaq 

uomaya  1 Xq paonpoid %Ulu 7,ois %um 1,,_01 x 1 ir ua2Ax0 Jo aouasaid 

311T U! QS JO uongsoduna Aq paonpoid wig am u! 
amid u!rw g sr MS 

P3tuaScio trzi I311111. a  aures am oq lsntu sinodrA am pug sainaalow uaSAxo 

atll .10  /*A% Jo uonoailp am °qv pur sum 2_01 x 6 01 9-01 X L 30 35.1113i 041  

Ul St 	
aq IIRD sullU 

2e • ixtureq3 01.12 Ill u32Axo Jo oinssold tepnd 0111 J! Pau!Mq°  

'QS puE gou. oTqr. nip put 2utcposqr-uou [1] JointAnv ol guw.l000v 
91C 

r 73 onl VHWissnIVI4 .)1 



Evaporation of ri02  and SO, Films 
317 

that the limited or no information exists in the published literature on the 
fabrication of multilayer stacks with the oxides of titanium and silicon by 
either of the techniques. Hence it is proposed to adopt the reactive evapo- 
ration technique to study the optimum deposition parameters to produce 
reliable multilayer films of TiO 2  and SiO, with desired properties. The 
optical properties of individual films of TiO, and SiO, have been studied 
by varying the deposition. parameters to find the suitable conditions foi 
matching th.ese films for the production of the multilayer films [9, 101. 
Durable single layer films weie deposited with the evaporation rate of 
2.5 A sec-1  and 5 A sec.-1  of TiO and SiO respectively at the oxygen pres- 
sure of 1 x 10-4  torr and the substrate being at room temperature. The 
corresponding refractive indices were measured and found to be 2.30 and 
1.50 at 6328A. 

These optimized parameters have been used in the fabrication of 
dielectric mirrors consisting of 21 alternate layers of TiO, and Si0 2  and with the transmission 0.05%. 

2. EXPERIMENTAL TECHNIQUES 

Titanium dioxide and silicon dioxide films were produced in conven- 
tional 19" vacuum coating plant. The films were deposited on well polished 
B.S.C. glass and on fused quartz substrates for the optical measurements 
in both visible and ultra violet regions respectively. The substrates are 
first cleaned with liquid detergent using soft linen cloth and then rinsed 
in tap water followed by distilled water and deionised water. Then the 
substrates are vapour degreased in trichloroethylene bath, after which they 
were immediately transferred to the deposition plant. The materials TiO 
and SiO used for the evaporation are supplied by Bakers. Tantalum 
boat with a perforated cover, was used for the evaporation of SiO and a 
tungsten boat for evaporating Ti, TiO, Ti 203  and Ti02. In all these experi- 
ments the bell jar was evacuated to a pressure less than 1 x 10 -6  ton. Then 
the oxygen was admitted into the ben jar and maintained at the desired 
pressure by means of a needle valve. The films of quarter wave thicknesses 
were monitored using a modulated beam photometer. 

The refractive index of the titanium dioxide films were calculated from 
the transmission measurements of the coated substrates [1 1 ]. The trans- 
mittance T of an uncoated substrate [12] is given by: 

1—R 	 (1) T 
1-FR 
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Evaporation of TiO 2  and Si0 2  Films 	 319 
thicknesses were measured using multiple beam interferometer built in the 
laboratory. 

3. RESULTS AND DISCUSSION 

(0 Titanium Dioxide Films 

Figure 1 represents the variation of transmittance of titanium dioxide 
and silicon dioxide single layer films of quarter wave thickness at 6328 A 
at different wavelengths. U.V. absorption edge was observed at 0.38p 
and the refractive index of the film was calculated from the transmission 
curve was 2-30 at 6328 A. Due to heat treatment the transmission of the 
TiO 2  film has not changed singificantly in the visible region but has increased 
slightly at the U.V. edge without any shift in the absorption peak. U.V. 
absorption edge was observed at 0•32 it for Si02  film. 

Figure 2 shows the dependence of refractive index of TiO 2  films 
produced by evaporating Ti, TiO, Ti 203  and TiO2  in oxygen atmosphere 
at different pressures between 1 -0 x 10 -5  torr to 5 x 10-4  ton. When 
titanium monoxide was evaporated at 0 2  pressures lower than 7-5 x 10 -6  
torr the film became absorbing. Similarly for Ti and Ti 203  the pressure 
region is indicated as dotted line in Fig. 2 where the absorbing films  are 
obtained. This phenomena might be due to the presence of metallic titanium 
obtained by the partial dissociation of evaporant or insufficient oxygen 
for recombination. When these absorbing films were heated to 400 C 
for 4 hours in air, they were found to be non-absorbing. The values of 
the refractive index of the above heat treated films are also shown as the 
dotted curve. The optimum pressures required for Ti, Ti 203  are 2 x 10-4  
and 5 x 10-6  torr respectively for obtaining non absorbing films. However, 
a high temperature is required for evaporating TiO 2  which results in thermal 
dissociation of Ti0 2. These films are porous and having low refractive 
index. Figure 3 shews the relation between the refractive index and the 
wavelength of TiO, films at two evaporation rates. The refractive index 
decreases with increasing wavelengths. 

(li) Silicon Oxide Films 

Figure 5 shows the evaporation rate versus the refractive index of the 
silicon oxide films. During the evaporation of the films, the pressure of 
oxygen. was maintained at 1 x 10 -4  torr. Due to heat treatment the values 
of the refractive index of the films have decreased for the deposition rates 
above 5 A sec-,  whereas the values increased for the films deposited at 
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A - WITH TITANIUM 

x -WITH 110 

o- WITH Ti203  
W I TH TiO2 

ABSORBING FILM 

EVAPORATION RATE= 2.5A SECel  

2-0 

1•9 

1-8 

1X10 5 2 s mo -4 
4 	6 	8 	1X102 	4 

OXYGEN PRESSURE IN TORR 

Flo. 2. Refractive index of titanium dioxide films with pressurt. 
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02  PRESSURE 	16 4  TOM? 

0 	4 	8 	12 	16 	20 	24 	28 

EVAPORATION RATE IN A°  SEC '  

Flo. 4. 	Refractive index of silicon oxide films with deposition rate. 	(a) condensed on 
the substrate at room temperature; (b) Effect of heat treating the film at 250° C for 10 hours. 

lower rates. The above phenomenon may be explained on the basis of the 
conversion of lower oxides to higher oxides in the case of low refractive 
index films and the transformation of the loosely bound structure to the 
Closed packed one for higher refractive index films. Some of the related 
Optical properties of silicon oxide films are summarised in Table I with 
the varied deposition parameters. 	Keeping the pressure at 	I x 1a-4  torr 
the refractive index has increased with the increase of rate of deposition. 

Figure 5 represents the infrared transmittance of TiO 2  film and silicon 

Oxide films for three samples deposited under different conditions, between 
2p, and 14 u. Curve (Al renresents the SiO phase deposited at the oxygen 
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• 

WAVELENGTH IN tki 

FIG. 5. Infrared transmittance of silicon oxide and TiO, films. 
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TABLE II 

Transmission values of T10 2-Si02  multilayers n il  = 2•30, th, 1-50, 
ns = 1-51 

Transmission 
No. of 	 Evaporation conditions 
layers Experimental Theoretical 

3 38.80 38.60 Rate of evaporation : 

5 18.80 18 . 67 Ti02  = 2 . 5 A see-4  

7 8.00 7.74 Si02  = 5 A sec-' 

9 315 3.66 Partial pressurt, of oxygen =--- 1 x 10-4  torr 

11 	1.60 	1.57 

13 	0.70 	0.67 

15 	0 . 30 	0-28 

17 	0.15 	0.12 

19 	0.05 	0.05 

21 	<0.05 	0-02 

room temperature in vacuum chamber and they attained the temperature 
of about 150° C during the deposition of multilayer. The above mirrors 
were deposited taking optimum deposition parameters as : 

(a) (i) Partial pressure of oxygen 1 x 10 -4  torr. 

(b) 0.0 The deposition rate 2-5 A sec-1  and 5 Asec -1  for TiO2  and Si02  

respectively. 

The corresponding refractive indices are measured and found to be 

2.30 and 1.50 at 6328 A. 
The above conditions were maintained constant during the deposi- 

tion of the multilayers. The transmittance of the 21 layer mirror is nearly 

zero (<005). 
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