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Conductivity and Hall-effect in highly resistive GaN layers
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Highly resistive GaN layers grown by molecular beam epitaxy are characterized by temperature
dependent conductivity and Hall effect measurements. Samplespwite:3X 10° Q) cm show

room temperature Hall mobility of 22 and 35 &vi 's ! and have a temperature dependence
upy~T*with x=0.9 and 0.5. This is in contradiction to a sample wita=32 {2 cm which has a

room temperature mobility of 310 & s ! and auy~ T* with x= — 1.4. The same activation
energy of 0.23 eV, attributed to donor-like defects, is found for all three samples investigated.
Temperature dependent conductivity data can be reasonably fitted considering band conduction. The
presence of various hopping mechanisms is discussed20@ American Institute of Physics.
[S0003-695(00)02825-4

Highly resistive GaN buffer layers are important for reasonable layer quality witk=7 arc min full width at half
field-effect transistor and high electron mobility transistormaximum of the(0002 w scan? Samples of about%6 mn?
structures to avoid a parallel conductive channel that dewere cut from each wafer and In contacts were alloyed at
grades device performance. However, not much is reporte850 °C after appropriate surface cleaning. The ohmic behav-
about their preparation and transport properties. Layers witior of the contacts was confirmed by current-voltage char-
resistivity of 14, 3 10°, and 16 Q cm were previously pre- acteristics. Accurate temperature dependent conductivity and
pared by varying the stoichiometry during molecular bearlow magnetic field B=0.5 T) Hall effect measurements
epitaxial (MBE) growth! Another possibility to obtain high Wwere carried out using a high-impedance system.
resistive GaN layers is by acceptor doping. MBE grown The samples investigated can be characterized by the
C-doped layersand hydride vapor phse epitaxial Zn-doped following room temperature resistivity and Hall mobility
layers with resistivity of 1¢ and 162 ( cm, respectively, dataip=3.6x10°, 2.6x10°, and 320 cm andpuy, =22, 35,
have been reported. Unfortunately, carrier concentration angnd 310 cri V™t s for samples designated as S1, S2, and

mobility data on samples with resistivity higher than 14 S3, respectively. The temperature dependence of their con-

Q cm are not present in the literature due to the use of conductivity and apparent Hall concentrations are shown in Fig.

ductive substrated,or unmeasurable Hall coefficiertd. 1+ The experimental data of both conductivity and concen-
Hopping conduction, with extremely low Hall mobility; tration can be well fitted considering that thermally activated

<1 cn?V-1s L is assumed to be responsible for the lattercafers dominateg andny~exp(—Eq/kT). Note that the

case"® When the concentrations of the autodoping center§amers are electrons deduced from the negative Hall coeffi-
and the deep defects are comparable, the layer becom ent. The activation energies evaluated from thes 1T

highly resistive and conduction by hopping among deep Cen_ependence, commonly used in literature, are 0.30, 0.28, and

ters might occur. Additional models taking into account scat—0'24 eV for 31, S2, and S3 samples, respectively. However,

tering on charged dislocations resulting in reduced mobilitythe same activation enerdy=0.23 eV is obtained for all

have been proposéd. To extend the knowledge of carrier three samples from fitting of our experimental data plotted as

o I ny/T%2 vs 1T (not shown here All these values are evi-
transport behavior in GaN layers, we report in this letter Ondently higher than the reported values of 0.016 and 0.11 eV
the temperature dependent conductivity and Hall effect mea . .

surements on highly resistive GaN layers grown by MBE. or similarly resistive MBE GaN. Recently the preparation

Th doned GaN | hi of high resistiven-GaN layers by implantation with various
€ undoped Sall layers Were grown on sapphiré Subg, . “has peen reported and defect levels of 0.20-0.49 eV,
strates by MBE using a radio frequency atomic nitrogen

| B A low t wre AIN buff evaluated from the vs 1/T dependence, have been foufid.
plasma SOurce.A low temperature utter was grown o, gata are in good agreement with this result, what indi-
after nltrlda_t|on of the sapphire. The substrate_ temperaturg o< that donor-like defects play a dominant role in the con-
was then increased to 750°C for theud-thick GaN y,cfion mechanism in the samples investigated.

growth which was done under slightly Ga-rich flux ratios. ¢ temperature dependence of the apparent Hall mobil-
High resolution x-ray diffraction measurements showed 3ty (in log—log scalgfor all three samples is shown in Fig. 2.

The experimental data are fitted accordingue~ T* depen-
3Electronic mail: p.kordos@fz-juelich.de dence. As expected from the room temperature data, differ-
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FIG. 1. Temperature dependence of conductivity and apparent Hall concerFIG. 3. Resistivity vsT~Y* dependence for two GaN layers. The solid and
tration for highly resistive GaN layers. The solid lines are theoretical fits.dashed lines are theoretical fits for multiphonon and variable range single
Note that full marks belong to the left axis and open marks to the right axisphonon hopping, respectively.

ent dependence of the Hall mobility on temperature is obmainly by interaction with dislocations, in contradiction to
tained for S3 compared with S1 and S2 samples. A scatterinthe sample S3.

power x=—1.4 is found for S3 (note that ny=6 Further, we will discuss the data obtained on samples
x 10" cm™2 at 300 K), which indicates that phonon scatter- investigated from the hopping conduction point of view. It
ing dominates in conduction of this sample. On the othehas been reported that the conduction mechanism in GaN
hand, for S1 and S2 samples the Hall mobility increases wittwith a high number of defect centers does not consist of
increasing temperature and from fitting of the experimentafransport in the conduction band but of hopping among lo-
data power values of=0.9 and 0.5 are obtained. According calized defect$?® It was found that the experimental data are
to the dislocation scattering thedfythe drift mobility de- ~ Most consistent with multiphonon hopping, rather than
pends on temperature gsgy=CT>2/\, where \ is the nearest-neighbor or variable range sipgle phonon hopping.
screening parameter which depends on temperatureTd& We have analyzed our data considering all three types of
(neglecting temperature dependence of the effective screefloPPINg. . i ) .

ing concentration Thus, for the scattering on charged dislo- 70" nearest-neighbor lgopplng, Le., using=B,
cations a mobility vs temperature dependencgy=CT < EXP(~ €3/kT) ande;=C,Np”, whereB, andC, are tem-
should exist. From this it follows that conduction in samplesPErature independent constants, the resulhiggof (4-8)

1 a3 ; i i
S1 and S2 with the scattering power near unity should b 102_ cm = for all three sgmples IS unregsonably h'g.h' This
is similar as reported previouslyA comparison of a variable

range single phonon and a multiphonon fits for samples S1
and S3 are shown in Fig. @orresponding data for S2 are
nearly identical to S1 and therefore not shgwAssuming
variable range hopping witr=B, exd —(To/T)*4] and
To=C,Np?3, we getNp=5x10" and 1x 10> cm™3 for
S3 and S1(S2) samples. These values are more reasonable,
but fitting for sample S3 is not satisfying and according to
. hopping theory the variable range type should be observed
] only at low temperatures. However, conduction in low tem-
perature(LT) grown nonstoichiometric MBE GaAs can be
well described by variable range hopping at room tempera-
ture. On the other hand, it is less probable that the defect
concentration in highly resistive GaN and LT GaAs can be
compared. Multiphonon hopping was recently considered as
more reasonable to explain the conduction in highly resistive
) ) GaN?! For this type of hopping a combination of both,
300 400 nearest-neighbor and variable range single phonon hoppings,
temperature (K) should occur. Fitting of our data to the equatian

— _ 1/4 . . .
FIG. 2. Temperature dependence of Hall mobiliiyg—log scalé for ana- B Bmp exq (TO/T) ]eXp(E3/kT)’ shown in Fig. 3, is

lyzed GaN layers. The solid lines are theoretical fits for~T* and the much better, mainly for sample S3. However, reSUItm

dashed line represents a dependence with-1.5. and €3 values are again unrealistic. Thus, the question of
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hopping in GaN needs to be studied in more detail. whether conduction in highly resistive GaN is nearest-

In conclusion, we performed temperature dependengeighbor, variable range single phonon, or multiphonon hop-
conductivity and Hall effect measurements on highly resisfIng.
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