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A process of the thermoacoustic generation inside thin metallic films deposited on the glass substrate was studied.
The measurements performed at 8-mm wavelength have showed that an absorption coefficient reaches its maximum in
the 2...3-nm aluminum films. The process of sound excitation was studied in a sandwich-type system consisting of

glass — aluminum film — water. It was shown that an efficacy of a themoacoustic excitation for the metallic films of
several tens of angstroms is solely defined by the thermophysical parameters of liquid adjoining to the film surface.

PACS: 534.2, 621.385.6

INTRODUCTION

Effect of acoustic transient generation by absorbing
of electromagnetic radiation can be employed for the
development of new type of detectors. Specifically this
technique can be used for the registration of an envelope
of very short (several nanosecond) electromagnetic
pulses [1]. Optoacoustic detectors for visual and
infrared radiation are widely used in science and
industry applications. We propose to wuse the
thermoacoustic method for the registration of short
pulses of microwave radiation.

Development of an optimal microwave energy
absorber is a principal problem in designing of the
thermoacoustic detector of microwave pulses of
nanosecond duration. For a correct detection of the
temporal profile of the envelope a short microwave pulse
it is necessary to provide the wave absorption in a layer,
which thickness is much less than a length of sound
propagation within pulse duration. For this particular
purpose a process of the thermoacoustic generation inside
thin metallic films deposited on the quartz substrate was
studied.

MOTIVATION OF THE STUDY

In our previous works [1,2] it was shown that the
short microwave pulse can be detected with
thermoacoustic receiver provided the thickness of the
layer of the pulse absorption is much smaller than the
pulse 7, >>(ac,)”'. The

materials could be employed as absorbers of microwave
energy. In a conductive material with a conductivity o
the wave with frequency f'is absorbed at the depth of a

duration: conductive

skin layer: d = (zfuu,0)™"*, where u is the magnetic

conductivity, s, is the magnetic constant (1 = 47m-107
H/m). It can be shown that perfectly conductive metals
Al and Cu could be employed for the thermoacoustic
conversion of microwave energy to the acoustic one.
But the efficiency of energy conversion is very small
due to strong reflection of microwave waves from the
metallic surface. Typical value for the reflection
coefficient is 99.5%, therefore only 0.5% of the incident
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energy can be converted to the acoustic pulse. The aim
of our study was to find the absorbers where the
efficiency of the microwave energy conversion to
acoustic pulse was as much as possible. For this purpose
the optical coefficients of thin metallic films were
studied.

OPTICAL PROPERTIES OF THE THIN
ALUMINUM FILMS

Measurements of the optical properties of aluminum
films deposited on the glass substrate were performed.
Microwaves with 8 mm wavelength were employed.
Radiation was directed on the film surface from air or
through the glass substrate (Fig.1). Results of the
measurements are shown in Fig.2. Reflection of Al-film
was monotonically induced with growth of the film
thickness and its value became equaled to unity for
thicknesses larger than 10 nm. Correspondently the
coefficient of transmittance was reduced and it
practically vanished at the film thicknesses 6...8 nm.

The values of transmittance coefficient were
completely identical for cases of microwave incidence
from air (Fig.2,a) and from glass (Fig.2,b). The
absorption coefficient reached maximum value in the
thicknesses range 2...3 nm, the measured maximum
value of absorption when the wave fell from the glass
substrate (0,,=0.49) was higher than the wave fell from
air side (0,=0.34). Theoretical analysis of the wave
behavior in a three-layer structure was performed on the
basis of Maxwell equations and empirical dependence
of a conductivity of the thin film on its thickness. For
the three-layer structure we obtained the following
solution:
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where d is the film thickness, b = ¢/27c , 0 is the metal

conductivity, n; and n; are the indexes coefficients of

Microwave
radiation
A=8mm

Fig.1. Aluminum film with d thickness sputtered on the
quartz glass substrate (n;=1.5)

media from direction of radiation incidence and after
metallic film correspondently (see Fig.1). Here the
conductivity is a function the film thickness which is a
result of electron reflections from the film boundaries:

o(d)=0,(d/2l,))1+In(l,/d)), d<lI, 2)

where g, is the specific conductivity of metal, /, is the
mean length of a free propagation of an electron in thick
metal. The coefficient /4 is also a function of

conductivity: h(d)=c/2 7o(d).
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Fig.2. Dependence of the coefficients of reflection (R),
transmittance (T) and absorption (4) on the aluminum
film thickness. Microwave radiation falls on the film
surface from air directly (a), or being transmitted
through a glass substrate (b). Theoretical curves
calculated using formulas (1,2) are shown by the solid
lines, experimental results are presented with symbols
(@ -R o -T *-4)
Theoretical dependencies of the optical coefficients
R T,A calculated according to formulas (1,2) are
presented in Fig.2 by solid lines. We used the following
constants  values 6,=3.54'10" Cm/m, [,= 15 nm,

h=c/27n0 ;~0.135 nm.

ACOUSTIC PULSE GENERATION

A schematic diagram for a thermoacoustic pulse
excitation by short microwave burst is shown in Fig.3.
The aluminum film sputtered on the surface of 4-mm
glass substrate was used as absorber of microwave
radiation of 8-mm wavelength. Glass plate reflected
30% of incident energy and another 70% was penetrated
into glass and propagated to the aluminum film surface.
Here almost 50% of passing energy was reflected and
remaining energy produced the thermoacoustic pulse.

Energy of microwave burst is absorbed mainly
inside metallic film deposited on the glass substrate
transparent for microwaves and in water layer contacted
with the film from the opposite side.
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Fig.3. Principal scheme of excitation of thermoacoustic
pulses in a thin metallic layer sputtered on the glass
substrate

Due to extremely small thickness of the film and high
conductivity of metal heat produced inside the film is
practically instantly diffuses into the glass substrate and
into liquid located another side of the film (see Fig.3).
Therefore sound is produced inside regions where heat
can penetrate during the pulse duration. Liquid provides
the higher values of Grunizen parameter and the
efficiency of sound inside liquid layer is dominated.
Acoustic pulse excited in absorbing aluminum layer
propagated through water layer of 3-mm thickness. Wide-
band ultrasonic transducer made of PVDF film of 30pum
thickness was used for detection of acoustic pulse. The
pressure sensitivity of the receiving transducer was of
about 20 uV/Pa in the frequency range froml to 80 MHz.
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Modeling of the thermoacoustic pulse excitation in the
sandwich-like structure was performed.

A set of equations that includes equation of motion
and  thermodiffusivity = equation were  solved
numerically. Results of numerical simulations are
presented in Fig.4. We employed a method of transfer
function for the calculation. The transfer function of the
system containing glass layer, thin aluminum film of
varied thickness and water layer was calculated.
Transfer function is uniform up to 200 MHz for small
(d<5 nm) thicknesses. Thickness growth results in
reduction of transfer function in high frequency region.
The waveform of the thermoacoustic pulse is presented

simulations. Profile of the thermoacoustic pulse
replicates the corresponding waveform of the
microwave burst for small thicknesses and then it
became broader. We can estimate that for 2 nm
aluminum film with maximum absorption the peak
pressure value can be up to 2000 Pa. Maximum signal
voltage will be about 40 mV. This value 1.5 times
exceeds the noise level produced by capacitor discharge.
It makes us optimistic to detect the thermoacoustic pulse
experimentally in spite of extremely low incident
microwave energy (1 mJ).
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Fig.4. Temporal profiles of acoustic transient excited in
aluminum film. Microwave pulse with Gaussian 5
waveform was specified at the entrance of the system

Gaussian profile of the incident microwave burst
with 10 ns duration was specified for numerical

TOHKOILIEHOYHBII TEPMOAKYCTHUYECKUI AETEKTOP UIs1 PETUCTPALIMA UMITYJIbCOB
CBY U3JIYYEHHUSA HAHOCEKYH/JIHOU JJIMTEJIBHOCTH

B.I'. Auopees, B.A. Boosun, I1.C. Boponoe

HccnenoBan mpoliecc TEPMOAKYCTHUECKOW T€HEpallMd B TOHKMX METaJUIMYECKUX IUIEHKAaX, HAaHECEHHBIX Ha
KBapIEBYIO MOMIOXKKY. VI3MepeHus, NpOBEICHHBIC HA JUIMHE BOJNHBI 8 MM, IOKa3ald, 4YTO KOA(QUIMEHT
TIOTJIOIIEHUSI UMEET MAKCUMYM IpH TOJILIKHE aJIOMUHUEBON TIeHKH 22...25 anrctpeM. [lornomenne B MakcumyMe
coctaBwio 34 u 49% mnpu maneHUU BOJHBI COOTBETCTBEHHO CO CTOPOHBI IUIEHKA M KBapLEBOW MOJJIOKKH.
HabmomaeMbie sSBIEHUS B TOHKAX METAJUIMYECKHUX IUICHKAX TEOPETUYCCKA OOBSICHEHBI C TO3HIUI aHOMAaThbHOTO
ckuH-3¢(dekra. [IpoBenen aHamu3 reHepanuy 3ByKa B CIIOMCTOW CHCTEME KBapIl - aTFOMHHHEBAs IUICHKA — BOJA.
[TokazaHo, YTO MPH TONMIMUHAX METALIMYCCKOW IUICHKH B HECKOIBKO JECATKOB aHTCTpeM 3((EeKTUBHOCTH
TEPMOAKyCTUIECKOM TeHEepalnuy OIpeneNseTcs TeIUIOQU3MUECKUMH IapaMeTpaMH TpaHHYalled ¢ IUICHKOU
JKHIKOCTH.

TOHKOILTIBKOBU TEPMOAKYCTUYHHUM JIETEKTOP AJIsA PEECTPAIII IMITYJILCIB CBY
BUITPOMIHIOBAHHSA HAHOCEKYH/IHOMU TPUBAJIOCTI

B.I'. Anopees, B.A. Yooeun, I1.C. Boponos

JlocimkeHo TpolLec TepMOaKyCTH4HOI IeHepamii B TOHKMX METaJIeBHX IUIIBKAaX, HAaHECEHHX Ha KBapLOBY
miAKIanKy. Bumipy, mpoBeneHi Ha JOBXUHI XBHII 8§ MM, TTOKa3au, M0 KOe(ilieHT NOTJIMHAHHSI Ma€ MAaKCUMYM NpH
TOBIIMHI alOMiHI€BOI TUTiBKK 22...25 anrctpeM. Ilormuuanns B MakcumyMi cknano 34 i 49% npu nmagiHHI XBHIT
BIIOBITHO 3 OOKY IDTIBKH i KBapIOBOI MiTKIAIKH. SIBHINA, IO CIIOCTEPIraloThCS y TOHKHX METAICBHX ILTIBKaX,
TEOPETHYHO TOSICHEHI 3 TMO3UII aHOManbHOTO CKWH-eekTy. [IpoBeneHo aHami3 reHepamii 3BYKy B IIapyBaTid
CHCTeMi KBapIl - allfoMiHieBa IIIiBKa — Boja. [loka3zaHo, MI0 MpH TOBIIMHAX METAJEBOI IUTIBKH B KiJIbKa IECATKIB
aHrcTpeM e(peKTHBHICTh TEPMOAKYCTHYHOI T'€HEpallii BU3HAYAETHCS TEIUIOQI3NIHUMH HapaMeTpaMH PiAWHH, IO
TPaHUYUTH i3 IDTIBKOIO.
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