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Piezoelectric effects in GaN-based HEMTs and related devices and a new method
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The change of the channel resistance in an AlGaN/GaN HEMT, induced by the
bending of the sample is investigated. It is shown that this piezo-resistance results mainly from
the change in the ﬁolarization charges which are generated at the surface and the interface regions
of the sample by the piezoelectric effect in the wurtzite materials. As the polarization charge on
the surface is partly compensated by the charges induced in surface states or a metal electrode, the

surface state density can be evaluated by studying the piezo-resistance of two samples with and
without the metal.
For comparison, the piezo-resistance of AlGaAs/GaAs HEMTs is studied to show that the resistance
change in this system is due to the deformation-induced breakdown of crystal symmetry of the sample.
It 1s found that this change of resistance results not only from the change in the electron
concentration but also from the change of electron mobilities.

GaN HEMT



AlGaN GaN HEMT
AlGaN GaN HEMT
AlGaN
( )
AlGaAs GaAs
HEMT GaN
AlGaN/GaN HEMT
HEMT
AlGaN
AlGaN
2
AlGaAs
AlGaAs/GaAs HEMT
AlGaN/GaN
1) AlGaN/GaN HEMT

AlGaAs/GaAs  HEMT
2) AlGaN/GaN  HEMT
Ng
GaN
-eNg AlGaN
e Ni-Ng
Na-Ne
GaN
AlGaN
3 AlGaN/GaN  HEMT

(e A /eNys)
AlGaN

4 AlGaN/GaN  HEMT
@
GaAs  HEMT
1.5
GaAs
AlGaAs

(+eNy)
eNgep /€
AlGaN
A
NDOS
A N
AN
GaN
AlGaAs/GaAs  HEMT
¢
GaN  HEMT
HEMT



5 n-AlGaAs/GaAs GaAs

AlGaN/GaN GaN
GaAs

[111]

GaAs  HEMT
111

(100)

GaAs
(100) [011]

GaAs AlGaAs
GaAs

6 AlGaAs/GaAs/AlGaAs

HEMT

12

T.Kushida, M.Ohmori and H.Sakaki
Photocurrent and  photoluminescence
characteristics of AlGaAs/GaAs
doubleheterostructures with a pair of
two-dimensional electron and hole
channels
J. Applied Physics Vol.122, 10, 104502 doi:
10.1063/1.5001507 (Sept. 2017)

T.Kawazu, T.Noda, Y.Sakuma and
H.Sakaki
Effects of Ga deposition rate and Sb flux on
morphology of GaSb quantum dots formed
on GaAs
Phys. Status Solidi C 14, No. 1-2, 1600109/

DOI 10.1002/pssc.201600109 (2017)

K.Sugimura, M.Ohmori, T.Noda,
T.Kojima, S.Kado, P.Vitushinskiy, N.Iwata
and H.Sakaki
InGaAs triangular barrier photodiodes for

high-responsivity detection of
near-infrared light
Appl. Phys. Express Vol.9, 6, pp.

062101-1-4 DOI: 10.7567/APEX.9.062101
(Jun. 2016)

P.Vitushinskiy, M.Ohmori, T.Kuroda,
T.Noda, T.Kawazu and H.Sakaki
GaAs-based triangular barrier photodiodes
with embedded type-II GaSb quantum dots
Appl. Phys. Express Vol. 9, 5, pp.
052002-1-4 DOI: 10.7567/APEX.9.052002
(May 2016)

T.Kawazu, TNoda, Y.Sakuma and
H.Sakaki
Excitation power dependence of

photoluminescence spectra of GaSb type-1I
quantum dots in GaAs grown by droplet
epitaxy

ATP Advances Vol. 6, 4, pp. 045312-1-7
DOLI: 10.1063/1.4947464 (Apr. 2016)

P.Vitushinskiy, M.Ohmori, T.Kuroda,
T.Noda, T.Kawazu, H.Sakaki
GaAs-based triangular barrier photodiodes
with embedded type-II GaSb quantum dots
Appl. Phys. Express. 9, (2016) in press

T.Noda, M.Elborg, T.Mano, T.Kawazu, L.
Han, and H.Sakaki
Bias voltage dependence of two-step
photocurrent in GaAs/AlGaAs quantum
well solar cells
dJ. Appl. Phys. Vol. 119, 8, 085105 DOI:
10.1063/1.4942215 Feb.28, 2016

T.Kushida, M.Ohmori, S.Osanai, D.
Kawamoto, T.Noda, and H.Sakaki
Electrical characteristics of AlGaAs/GaAs
heterostructures with a pair of 2-D electron
and hole channels
IEEE Transactions on electron devices Vol.
62 11 pp. 3619-3626 DOI:
10.1109/TED.2015.2474735 Nov. 2015

T.Kawazu, T.Noda, T.Mano, Y.Sakuma,
H.Sakaki
Growth and optical properties of
GaSb/GaAs type-II quantum dots with and
without wetting layer
Jpn. J. Appl. Phys., 54, 04DHO1,
DOI:10.7567/JJAP.54.04DHO1, Jan., 2015

T.Kawazu, T.Noda, Y.Sakuma,

H.Sakaki
Lateral current generation in
n-AlGaAs/GaAs heterojunction channels
by Schottky-barrier gate illumination



Appl.  Phys. Lett., 106,
DOI:10.1063/1.4905661, Jan., 2015

022103,

T.Kawazu, T.Noda, T.Mano, Y.Sakuma,
H.Sakaki
Growth of GaSb quantum dots on GaAs
(11DA
e-Journal of Surface Science and
Nanotechnology, 12, pp.304-306,
DOI:10.1380/ejssnt.2014.304, Jun., 2014

T.Kawazu, T.Noda, T.Mano, Y.Sakuma,
H.Sakaki
Growth of GaSb and AlSb quantum dots on
high-index GaAs substrates
Appl. Phys. Express, 7, 5, 055502,
DOI:10.7567/APEX.7.055502, Apr., 2014

15

InSb
77

2006 9 13 9 16

T.Kawazu, T.Noda, Y.Sakuma, and
H.Sakaki
Effect of Ga deposition rate and antimony
flux on morphology of GaSb quantum dots
formed on GaAs
The 43" International Symposium on
Compound Semiconductor( )
International Conference Center, Toyama,
Japan
2016 6 26 6 30

GaAs(111)B Gasb
63

2006 3 20

Vitushinskiy Pavel

76

2015 9 15

Vitushinskiy Pavel
InP(100)

InAs/InAlGaAs

76

2015 9 14

n-AlGaAs(001)

76

( )
2015 9 14

T.Noda, M.Elborg, T.Mano, L.Han and
H.Sakaki
Characterization of GaSh/GaAs quantum
dot solar cells with deep energy states
17thInternational Conference on Modulated
Semiconductor Structures

( )
2015 7 30

Vitushinskiy Pavel

62

2005 3 11 3 14

GaSh/GaAs

62

( )
2015 3 11 3 14

M_Elborg, T.Noda, A.Bowman ,
T.Kawazu, T.Mano, L.Han, H.Sakaki
Characterization and solor cell
application of GaSb/AlGaAs quantum dots
WCPEC-6(The 6™ World Conference on

Photovoltaic Energy Conversion) Kyoto
International Conference Center(
)
2014 11 23 11 27
GaAs GasSh AlSb

75

2014 9 17 9 20

AlGaN/GaN HEMT

75



( )
2014 9 17 9 20

T.Kawazu, T.Noda, T.Mano, Y.Sakuma,
H.Sakaki
Growth and optical properties of GaSh/GaAs
type- qguantum dots with and without
wetting layer
SSDM2014(2014 International Conference on
Solid State Devices and Materials)
Tsukuba International Congress Center(

)
2014 9 8 9 11

T.Noda, M.Elborg, T.Mano, T.Kawazu
L.Han, H.Sakaki
Photocurrent due to two-step absorption of
super- and sub-bandgap photons in
GaAs/AlGaAs quantum well solar cells
1SCS2014(The 41°t International Symposium
on Compound Semiconductors) Montpellier,
France
2014 5 11 5 15

T.Kojima, M.Ohmori, P.Vitushinskiy,
H.Sakaki
Transport of electrons in self-assembled
GalnAs quantum rod structures
1SCS2014(The 41st International Symposium
on Compound Semiconductors) Montpellier,
France
2014 5 11 5 15

@
SAKAKI, Hiroyuki
) (
)
90013226
@
OMORI, Masato
) (
)
70454444

VITUSHINSKIY, Pavel
) ( )

30545330

AKIYAMA, Yoshihiro
) (

60469773



