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Measurements of phonon transport  in amorphous media can give valuable infor- 

mation on the structural  properties of these mater ia ls  and may be of practical  

interest  fo r  i t s  own concerning the question of thermalization in electronic de- 

vices. The existence of two-level systems in a-Si:H a s  one of these technically 

important mater ia ls  has  been concluded from measurements of dispersion and 

attenuation of acoustic surface waves /I, 2/. High-frequency phonon transport  

has  been investigated in a-Si02 with superconducting tunnel junctions for fre- 
quency discrimination /3 ,  4 / .  Depending on the preparation technique strong 

frequency-dependent inelastic scattering within the layer was found for evapo- 

rated fi lms /3/ ,  whereas the scattering was ascribed to the film/substrate in- 

terface in the case of the more  dense thermally oxidized g l a s s  f i lms /4/. Dif- 

ferences in the relative importance of elastic and inelastic scattering have been 

found comparing SiO and a-Ge f i lms on sapphire in a heater phonon experiment 

with some frequency discrimination /5/. 
In the case of a-Si:H it has  been found by direct  comparison in  /6/ that the 

phonon pulses excited in a-Si:H are narrower than in c-Si when detected by 

superconducting bolometers. This has  been interpreted as a more  rapid therma- 

lization in the amorphous material .  Measurements of the temporal correlation 

of recombination luminescence with phonon emission after pulsed optical excita- 

tion of a-Si:H on sapphire have been reported in /7/. For high excitation inten- 

s i t ies  the phonon signal was much broader than the luminescence decay. Optical 

excitation of crystalline semiconductors may lead to high-frequency acoustic 

phonon production from the rapid decay of the pr imary optical phonons as was 

shown in I S /  by 2 %-spectroscopy or  concluded in /9/ from the pulse decay 

shapes for both optical and Joule heating. A s  a consequence there may be a com- 

plicated phonon transport  which is neither ballistic nor diffuse /lo/. Analogous 

1) Pfaffenwaldring 57, D-7000 Stuttgart, FRG. 
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Fig. 1. Comparison of detector response for identical heater conditions; left: 
Sn junction, right: A1 junction. The inset shows the geometry of the phonon t rans-  
mission experiment in the case of ohmic heating. (1) Constantan heaters,  (2) A1 
junction detector, (3) Sn junction detector 

to /8/ and /9/ i t  was  found in /7/ that at high laser  intensities there is a broad- 
ening of the phonon signal which has been interpreted a s  due to phonon trapping 

frvm hot spot effects. So, for the question of phonon thermalization in a-Si:H 

additional spectra information is necessary. 

To investigate this point further we have made measurements comparing 

heat pulse transmission through a-Si:H layers  (thickness x l . 5 p m ,  [HI 1 2  % )  

sputtered onto Si substrates  with that through the bare  substrates  on crystallo- 

graphically equivalent paths to minimize the intensity variation from phonon fo- 

cusing. Phonon generation w a s  either by ohmic heating or evaporated constantan 

fi lms or by direct  optical excitation focusing a N2-laser beam (2 
onto equivalent points of the covered and uncovered surfaces.  A s  phonon detec- 

t o r s  we take super conducting Sn tunnel junctions, sensitive for frequencies 

above 280 G H z  or A1 junctions, sensitive for frequencies above 90 GHz, and Sn 

bolometers a t  the magnetically tuned superconducting transition (T  = 1.28 K with 

fields up to 0.1 T by means of a super conducting solenoid). 

0.34 pm) 
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Fig. 2. Comparison of detector response for identical laser  intensity; left: Sn 
junction, right: Sn bolometer. The inset shows the geometry of the phonon t rans-  
mission experiment in the case  of generation by  optical excitation. (1) Sn junc- 
tion, (2) Sn bolometer 

In the case of the ohmic heating the constantan generators and the Sn and A1 

junction detectors were placed on opposite s ides  of a (100) Si cube of 10 mm as 
indicated in Fig. 1. The a-Si:H layer covering half of one surface allows the com- 

parison of four equivalent paths. In the case  of optical excitation both detectors,  

the Sn junction and the Sn bolometer, were a t  the same place (see inset of Fig. 2) 
in that one film could be used as a superconducting transition bolometer by mag- 

netic tuning. C a r e  was taken to avoid flux to be frozen in, since i t  would strong- 
l y  reduce the junction sensitivity. The Si sample (thickness 2 .8  mm) in this 

case was 110 oriented and the excitation points were chosen such that the propa- 
gation direction of the detected phonons was the 100 focusing direction for  slow 

transverse phonons. 
Our resul t  in the case  of ohmic heating is shown in Fig. 1. The signal f rom 

both, a-Si:H and c-Si as detected by the A1 junction is practically the same in  
height and form (Fig. 1, right), whereas the signal through the a-Si:H layer as  
detected by the Sn junction is smaller by about 40 % as compared to the signal 

from the uncovered surface (Fig. 1, left), Since the Sn junction is sensitive only 
for phonons above 280 GHz this indicates a strong down-conversion of the high- 
frequency part  of the spectrum in the a-Si:H film confirming a suggestion made 
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in /6/ and /7/. Such a difference in the signals in principle could also be due 

to an unequal phonon irradiation of the detectors because of a possible slight 

misalignment, since phonon focusing r equ i r e s  cri t ical  positioning. A s  a check 

we have also measured close to the cri t ical  temperature of Sn where this junc- 

tion also becomes a bolometric detector. We find that in this  case both Sn junc- 

tion signals become almost equal indicating that the integral irradiation of this 

junction from both sources  is the same. 
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The resul t  of the analogous experiment with optical irradiation is depicted 

in Fig. 2. The integrated signal in the case  of bolometric detection is larger for 

the a-Si than for the c-Si which may be due to  the difference in optical absorp- 

tion and/or transformation of the optical energy into heat by radiationless pro- 

cesses.  Also, the difference in the primary-phonon frequency distribution and 

consequent scattering and transport  may play a role.  The rat io  of the integrated 

signals from a -  to c-Si is 1.5 for bolometric and 0. 9 for 280 GHz threshold de- 

tection. That is, taking c-Si as reference again a reduction of about 40 % of the 

high-frequency par t  of the signal by the a-Si:H fi lm is also found for optical phonon 

excitation a s  for ohmic heating of a metal  film. So, the higher frequencies pos- 

sibly produced in the optical excitation as compared to ohmic heating /9 ,  11/ do 

not show up in the reduction factor. The signal decay is steeper for the signal 

from the a-Si:H layer as  compared to the uncovered surface for bolometric 

(Fig. 2, right) as well as for high-frequency threshold detectionby the Sn tunnel 

junction (Fig. 2 ,  left). This  finding is analogous to that of /6/ and may again be 

due to the difference in the primary-phonon frequency distribution1 and conse- 

quent scattering and transport .  

These resul ts  demonstrate that phonons transmitted through thin layers  

of a-Si:H are strongly scattered inelastically. The  same down-conversion co- 

efficient is found for both, optically and ohmically generated phonon spectra a t  

least  for the intermediate heating intensities used here. With the experience of 

/4/ in mind the possible role  of the a-Si/c-Si interface has  to be sorted out by 

measuring the thickness dependence of the effect.Also, some information on 
the frequency dependence may be obtained from variaiion of the heating power. 

The authors a r e  grateful to D. Utkin-Edin and H. -U. Habermeier for pre-  

paring the a-Si:H fi lms, It is a pleasure to acknowledge fruitful discussions 

with Prof. M. Cardona. One of u s  (T.I. Galkina) gratefully acknowledges the 
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