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Several recent repor ts 1 - 3 have described the use of multiple 
total internal reflection within the windows of semitransparent 
photocathode photomultipliers to improve light absorption 
efficiency. Large sensitivity increases were obtained but the 
acceptance angles were rather low.3 

The permissible range Sθ of incidence angles on the outside of 
the window is determined by (see Fig. 1): (1) the incidence angle 
θ on the inside surface of the window must be larger than the 
critical angle θc = arc s in l /n of the window material; (2) as θ 
increases, the number of reflections within a window of a given 
length-to-thickness ratio decreases; (3) as θ — θc increases, the in
teraction between the beam and the cathode layer is reduced.4 

However, this reduction is gradual for the usual cathode materials 
and thicknesses. 

Obviously, if high index windows are used to reduce θc, Sθ 
may be increased within the bounds set by conditions (1) or (2). 

Condition (2) may be complied with by arbitrarily fixing either 
θmax or θmean a t a low enough value. The dependence of Sθ on 
window index may be seen in Fig. 2, for various values of θmax 

and θmean. 

For a full angular coverage (Sθ = 180°) these relationships 
simplify to θc = θmean(2) = θmax(3). Here, of course, violation of con
dition (3) reduces the sensitivity enhancement. 

The high index materials for this application could be sapphire 
(index 1.76) in the uv-visible and strontium titanate (index 2.41) 
in the visible spectral region. Availability of rutile (indexes 2.62 
and 2.92) would be desirable. Of course antireflection coatings 
would be required on the entrance face. 

The maximum size of the entrance face is another important 
matter. In the usual configuration of an entrance prism con-

Fig. 1. Definition of terms for photomultipliers with T I R 
sensitivity enhancement. 

Fig. 2. Effect of window material index on angle of acceptance. 

Fig. 3. Maximum entrance face size/window thickness vs index 
of refraction of window material. 

tacted to the window, it is proportional to window thickness. 
This is, in turn, fixed by the window size and the desired number 
of internal reflections. The value of this ratio may be read from 
Fig. 3 as a function of window index for the Same θmax a n d θmean 

values as before. I t is assumed that there is no physical obstruc
tion and that the full angular spread of the beam is incident over 
the entire entrance face. 
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