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Thermal conductivity of donor-doped
GaN - investigations with 3-owand stationary metods

Gallium nitride due to its unique optical properties and therefore possible applications has been
aftracting much attention of researchers for over one decade. Thermal conductivity is of interest as a key
parameter in the design of high-power devices in which gallium nitride is an important element.
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0. YypukoBa, A. ExxoBckniz, 1. Ctaxosuak, XK. Myua, M. Mepnun, T. Cycku, B. Tpanbatockn
TennonpoBOAHOCTb AOHOPOB JIEFMPOBAHHOI0O
GaN - uccnegoBaHus ¢ 3-0 and ctauMoHapHbIM METOAOM

HVITPVIJJ, rannuma 6narop,apﬂ CBOUM YHUKaNbHbIM ONTUYE€CKNM CBOICTBaM W, clefoBaTeslbHO, BO3-
MOXXHOCTU NPpUMEHEHUA NpuBJIeKaeT 6onbluoe BHUMaHMe vuccnepgosaTenen 6onee OAHOIo AecATUNEeTUA.
TEI'IJ'IOHPOBOAHOCTb npeacrtaBnfAeT NMHTepeCc B Ka4yeCTBe K/lo4eBOro napameTpa B pa3pa60TKe MOLLHbIX
yCTpOVICTB, B KOTOPbIX HUTPUA rajyina BaXXHbiM 3J1eMEHTOM.

Kniouesble cnoBa: TennonpoBoaHOCTb, AOHOD, NernpoBaHue.

0. YypukoBa, A. Exxosckniz, 1. Ctaxosuak, XK. Myua, M. Mepnun, T. Cycku, B. Tpanbatockn
KocbinabinauraH GaN poHopnap xbinyeTKisriwTirin
3-m and cTauuoHapnbIK dAicneH 3epTTey

CoHFbl OHXbINAbIKTA TaaivMii HUTPUAI e3iHiH Oiperein onNTMKanblK KacueTTepiHiH apKacbiHAa
Ken KbI3bIFYLWbINbIK TyablpAbl. [annuii HUTPUAI Heri3ri penai aTkapaTblH KyaTTbl KypblifbUlapAblH
KbUTYOTKI3riWwTiri 6ipiHLWLI KbI3bIfyLbIIbIK 60bIN Tabblnagbl.

TyniH ce3snep: XbiNyeTKi3rilTiK, AOHOP, KOCbIHAbINAY.

Gallium nitride due to its unique optical
properties and therefore possible applications has
been attracting much attention of researchers for over
one decade. Thermal conductivity is of interest as a
key parameter in the design of high-power devices in
which gallium nitride is an important element.

The investigated here samples were prepared
byammonothermal method. The thermal conduc-
tivity of bulk crystals was measured over the
temperature range 4-300K with stationary state heat
flow method while the measurements of the thermal
conductivity of GaN thin layers was carried out in the
temperature range 50 — 320K by 3-omega method.
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For the later, on the surface of the investigated
sample a special electrically conductive pattern
featuring a temperature-dependent resistance is
prepared. During the measurement the pattern acts
both as a heater to create a temperature oscillations
and as a sensor to measure the sample’s thermal
response. An electric current of angular frequency
o flows through the pattern resulting in heating
the surface of the sample at frequency 2w. The
appearing signal of frequency of 3w is measured
with a lock-in amplifier. The thermal conductivity
of the investigated sample is being obtained from
the frequency dependence of the signal.
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The value of the thermal conductivity coefficient
of three investigated bulk single crystal samples
of n-type gallium nitride with electron density
4.0 x10'%, 2.6 x10'® and 1.1 x10*° cm™ depends
strongly on the donor doping concentration. The
analysis of phonon-electron scattering was done
in the framework of Debye model with the use of
Callaway method. In considering the effect of the
oxygen dopant on thermal conductivity of GaN
crystal the following three effects were taken into
account and discussed:

* additional scattering of phonons by oxygen
atoms which replace the original nitrogen atom in
gallium nitride structure (Rayleigh scattering of
phonons)

» enhancement of the thermal conductivity
due to increase of concentration of electrons in the
conduction band

* additional scattering of phonons by the extra
free electrons. Additionally, some results of the
measurements in the direction of ¢ axes obtained with
3-omega method are presented. The 3-omega method
was also utilized for the measurements of thermal
conductivity of GaN layers on an Al O, substrate.
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