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RESONANCE (SURFACE) PHONON TRANSPORT THROUGH POINT CONTACTS

A. Feher, P.Stefânyi, R. Zâboj
Safârik University, Dept. of Experimental Physics, 04154 Kosice, nam. Febr.

vit. 9, Czech and Slovak Federal Republic
Shkorbatov A.G.

Inst, for Low Temp. Phys. & Engin UkrSSR Acad. Seien., 310164 Kharkov,

Lenin Avenue 47, USSR

ABSTRACT. The heat flux Q(T) through point contacts NaCl-NaCl, KBr-KBr and
2KBr-Cu (with diameter ~ 10 nm) have been investigated from 2 K to 30 K.

The increase in the heat flux above that for ballistic regime is explained on

the basis of the resonance transport of phonons.

The thermal boundary resistance at interfaces between two crystals is
very sensitive to the condition of the interface [11. We studied the phonon

transport through the interface between two solids (NaCl-NaCl, KBr-KBr and

KBr-Cu) using point-contact method (PC). The characteristic dimension of
2contacts 10 nm) was small compared with phonon scattering length in the

investigated temperature range 2 K to 30 K. For measurements of the heat flux
Q (T T through the PC an experimental setup described in [2] was used,

in which the temperature of one bank (NaCl or KBr) was changed in given
temperature range whereas the temperature of the second bank (NaCl, KBr or
metallic Cu) was typically kept between 2 and 5 K. This experimental
arrangement leads to a negligible contribution to Q (T T from phonon

scattering in the bulk near PC and moreover, in dielectric-metal PC, the

phonon-electron scattering becomes ineffective near the contact. Thus, the

process of the heat conductivity is determined only by transport of phonons

crossing the interface and by their "ballistic dissolving" in the neai—PC

region. As is indicated by the experimental results, the physical contact
between the two lattices was not complete, an expected phenomenon for the

used pressure-type PC. We assume that on the contact surface in addition to

regions with strong coupling (perfect lattice) there are regions with weak

coupling (contact through impurity interlayers). The heat flux Q through
s

the regions with strong coupling may be fairly well described by the acoustic
4 4

mismatch theory [3] as Q ~ C (T -T where T and T are bank temperatures.
s 2 1 12For the parallel heat flux through the regions with weak coupling the



Vol. 65, 1992 Contributed Papers: Quantum Systems 457

CN

O

^3x
1

^l
es

S
- x x

x x,o EXP. DATA FOR TWO DIFFERENT

1 x^v X KBr-Cu PC

X \x
cxx v FIT USING THE MODEL OF

m I ° \L RESONANCE PHONONS TRANSPORT

o o 5
o

/o NA/ °
b°° ^x\

X t o\ X^
0 oo>fa^s**Xo

-o

• 1 -J 1

10 15

T [K]
20 25

Fig.l. Q (T T )/(T4-T4) versus T for two KBr-Cu PC.
2 1 2 1

resonance transport of phonons with characteristic frequency ui may be
o

responsible. This frequency may be approximately determined according to [4]
1/2 -1

as u ~(E/p) .h where E is Young's modulus, p is density and h is the
o

thickness of the surface layer. Because the value of E in the weak-coupled

surface layers is much less than the value for the bulk, it may be expected

that hw <<k G where 9 is Debye temperature.
o B D D

Fig. 1 shows a typical temperature dependence of the heat flux through
the KBr-Cu PC. The resonance frequency u is connected with T by the

o max

relation hu 3.8 kT [1]. Results obtained on the NaCl-NaCl PC indicate
o B max

that the ballistic transport of phonons begins to prevail already at
temperatures above 10 K 6 of NaCl is higher than that of KBr).
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