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Effects of hydrostatic and uniaxial stress on the Schottky barrier heights
of Ga-polarity and N-polarity n -GaN
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Department of Electrical and Computer Engineering, University of Minnesota, Minneapolis, Minnesota 55455

S. Dogan and H. Morkoç
Department of Electrical Engineering, Virginia Commonwealth University, Richmond, Virginia 23284

S. S. Park and K. Y. Lee
Samsung Advanced Institute of Technology, P.O. Box 111, Suwon, Korea
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We report measurements of the Schottky barrier heights of Ni/Au contacts on Ga-polarity and
N-polarityn-GaN under hydrostatic pressure and applied in-plane uniaxial stress. Under hydrostatic
pressure the two different polarities of GaN yield significantly different rates of Schottky barrier
height increase with increasing pressure. Uniaxial stress parallel to the surface affects the Schottky
barrier height only minimally. The observed changes in barrier height under stress are attributed to
a combination of band structure and piezoelectric effects. ©2004 American Institute of Physics.
@DOI: 10.1063/1.1689392#

There has been much research in recent years on polar-
ization effects in III–V nitrides due to their large piezoelec-
tric constants and spontaneous polarization.1 Most studies
have focused on the built-in strain in nitride
heterostructures,2,3 but, in the case of GaN, the dependence
of the Schottky barrier height on the polarity of the material
has also been investigated.4,5 Recently, Strittmatteret al.6

studied the frequency-dependent response of Schottky diodes
onn-GaN to a small time-dependent harmonic stress. For the
small strains relevant to that work, the Schottky barrier
height could be assumed to remain constant. In this letter, we
report the effect of applied static hydrostatic pressure and
uniaxial stress and on the Schottky barrier heights ofn-GaN,
for both Ga-polarity and N-polarity GaN.

The Ga-polarity sample was grown on a sapphire sub-
strate by molecular beam epitaxy. The device fabrication
consisted of the definition of circular Schottky contacts of
250 mm diameter that are surrounded by Ohmic contacts.
The N-polarity devices were fabricated on a free-standing
bulk GaN sample grown by hydride vapor phase epitaxy.
These devices had sandwich geometry with 126-mm-diam
Schottky contacts defined on the N-polarity surface and large
area Ohmic metallization on the opposite side. Metallization
for Schottky contacts consisted of Ni~300 Å!/Au ~750 Å!.
For the Ohmic contacts it was Ti~300 Å!/Al ~1000 Å!/Ti
~300 Å!/Au ~150 Å!. Information about the apparatus for
applying in-plane uniaxial stress and hydrostatic pressure can
be found in an earlier letter.7

The forward current versus voltage characteristics of the
Schottky diodes under hydrostatic pressure and uniaxial
stress are shown in Figs. 1 and 2 for a Ga-polarity GaN
sample, and in Fig. 3 for a N-polarity sample. The forward
current of Ga-polarity samples remains almost constant un-
der uniaxial stress, while the forward currents of both Ga-
polarity and N-polarity samples shift considerably under hy-

drostatic pressure. The uniaxial stress data of N-polarity GaN
are not available because we did not have a suitable sample
with the plane parallel edges needed for that type of mea-
surement.

To analyze the data, we consider the current to be de-
scribed by a relationship based on a thermionic emission
model for temperatureT:

I 5SA* T2 exp~2qfB /nkT!@exp~qVa /nkT!21#. ~1!

HereA* , fB , S, andn are the effective Richardson constant
~;26.4 A/K2 cm2 for n-GaN), the Schottky barrier height
~SBH!, the area of the Schottky diode, and the ideality factor
~IF!, respectively. The latter approximately adjusts the basic
thermionic emission model for image charge induced barrier
lowering, thermionic field emission and, to some extent, for
the effects of inhomogeneities. To compare data from de-
vices with different ideality, we find it convenient to include
n explicitly in the barrier factor, rather than to define an

a!Electronic mail: ymliu@ece.umn.edu
FIG. 1. Forward current–voltage characteristics of Ga-polarity Schottky di-
ode under uniaxial stress.
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effectiveSBH asfB /n.8 Previously, these effective barrier
heights were found to decrease linearly with increasing ide-
ality factors.9–11

AssumingA* , S, andT to be known accurately,fB and
n can, in principle, be determined by extrapolation of the
logarithm of the forward current forqVa@kT. It is found,
however, that the IFs of individual diodes show small, essen-
tially random variations with stress. This translates into con-
siderable uncertainty of the extrapolated SBHs. Hence, we
first determine the average ideality factorn̄ for all curves of
ln(I(s)) versusVa , where s is the applied stress. Subse-
quently we determine

ln~ I ~s!/I ~0!!'DA* /A* 2qDfB /~ n̄kT!. ~2!

Here, the first term denotes the change in the Richardson
constant with applied stress and the second term the corre-
sponding change in the SBH. Since the stress dependence of
A* arises only from the stress dependence of the effective
mass, the first term~of orderDEg /Eg , whereEg is the band
gap! is much smaller than the second and is neglected in the
following discussion.

The results are summarized in Table I and also shown in
Figs. 4 and 5. The SBH change of Ga-polarity sample under

uniaxial stress is small and within the statistical error, which
may be estimated to be approximatelyDn/n̄, whereDn is
the standard deviation of the random variation of the IF. The
large SBH difference between two polarities observed at all
stresses may be attributed to the effect of the spontaneous
polarization.4,5

We attribute the observed stress induced changes in the
SBH to a combination of band structure and piezoelectric
effects. It has been reported that the SBH of GaAs Schottky
diodes shifts under hydrostatic pressure with a magnitude
approximately equal to the pressure coefficient of the funda-
mental gap of GaAs.12 Under uniaxial stress an additional
modulation of the SBH due to piezoelectric effects was
observed.13

Similarly, the SBH change of GaN diodes under stress
can be viewed as a combination of band structure effects and
piezoelectric effects. The SBH of GaN follows the Schottky
model that attributes the barrier to the difference between the
metal work function and the electron affinity of the semicon-
ductor much more closely than do SBHs on GaAs or other
more conventional semiconductors.14,15 However, the effect
of stress on the metal work function and on the electron
affinity is not well known. On the other hand, the uniaxial
symmetry of the Schottky contact structure leads us to de-
scribe the SBH change in terms of four effective deformation
potentialJ1 , J2 , x1 andx2 as

Ga-polarity: DfB5~~J11x1!~exx1eyy!

1~J21x2!ezz!/q, ~3!

N-polarity: DfB5~~J12x1!~exx1eyy!

1~J22x2!ezz!/q. ~4!

FIG. 2. Forward current–voltage characteristics of Ga-polarity Schottky di-
ode under hydrostatic pressure.

FIG. 3. Forward current–voltage characteristics of N-polarity Schottky di-
ode under hydrostatic pressure.

FIG. 4. Change of barrier heights of Ga-polarity Schottky diode under hy-
drostatic pressure.

TABLE I. Average ideality factors, standard deviations of ideality factors,
barrier heights at zero stress, and changes of barrier heights under stress for
Ga-polarity and N-polarity GaN Schottky diodes.

Schottky
diodes n̄ Dn

fB

~V!
DfB

~mV/kbar!

Ga-~hydro! 1.22 0.01 1.12 4.2
Ga-~uni! 1.20 0.01 1.12 0.0
N-~hydro! 1.006 0.001 0.62 7.1
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Here, J1 and J2 represent the SBH change due to the
change in the GaN band structure and metal work function,
whereasx1 andx2 represent the change due to the polariza-
tion charge. The opposite sign ofx1 andx2 in Eqs.~3! and
~4! are introduced to reflect the presence of piezoelectric po-
larization charge of opposite sign at the Schottky interface in
N-polarity samples compared to Ga-polarity samples.2

The areal density of the piezoelectric polarization charge
in GaN is given by2

spol56~e31~exx1eyy!1e33ezz!/q, ~5!

where the positive~negative! sign refers to Ga-face~N-face!,
and the piezoelectric coefficientse31 ande33 are20.49 and
0.73 Cm22, respectively. Under applied stress, the polariza-
tion charge induced at the metal–semiconductor interface ei-
ther attracts or repels electrons, depending upon its polarity,
thus changing the Fermi level at the interface and conse-
quently affecting the SBH. This change in SBH to first order
is proportional tospol .

13 Hence,x1 andx2 are related to the
piezoelectric coefficients:

x15~e31/e33!x2 . ~6!

For GaN on a sapphire substrate, the strain tensor com-
ponents of uniaxial stress and hydrostatic pressure were
given in previous work.7 For free-standing GaN, they are
directly related to the elastic constants of GaN. Using the

elastic constants measured by Polianet al.16 the calculated
strain tensor elements under 10 kbar hydrostatic pressure are

exx5eyy521.8431023, ezz521.5331023.

By fitting Eqs. ~3!, ~4!, and ~6! with our experimental
data for Ga-polarity GaN under uniaxial stress and hydro-
static pressure and N-polarity GaN under hydrostatic pres-
sure, we obtain the effective deformation potentials,
J15214.8 eV,J2521.22 eV,x1510.4 eV, andx25215.5
eV.

In summary, changes in Schottky barrier height were
measured for Ga-polarityn-GaN under uniaxial stress and
hydrostatic pressure, and N-polarityn-GaN under hydro-
static pressure. We attribute the observed increases in barrier
height under compressive stress to a combination of band
structure and piezoelectric effects.

The work at the University of Minnesota was supported
in part by NSF-ECS.
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FIG. 5. Change of barrier heights of N-polarity Schottky diode under hy-
drostatic pressure.
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