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We have identified piezoelectric fields in strained GalnN/GaN quantumpaielh structures using

the quantum-confined Stark effect. The photoluminescence peak of the quantum wells showed a
blueshift with increasing applied reverse voltages. This blueshift is due to the cancellation of the
piezoelectric field by the reverse bias field. We determined that the piezoelectric field points from
the growth surface to the substrate and its magnitude is 1.2 MV/cm fpgdBa,4N/GaN quantum

wells on sapphire substrate. In addition, from the direction of the field, the growth orientation of our
nitride epilayers can be determined to(0€01), corresponding to the Ga face. €998 American
Institute of Physics.S0003-695(98)02338-9

In recent years, piezoelectric effects in strained quantunimydride vapor phase epitaXidVPE). The sample structures
well (QW) structures have been frequently discussed. Theceonsist of n-GaN (3 wm), GalnN (3 nm)/GaN (6 nm) 5
retical and experimental results have shown the existence @Ws, p-AlGaN (60 nm), and p-GaN (120 nm. The two
piezoelectric fields in GalnAs/GaAs QWSs on G&Rkl)13  samples on the different substrates were separately grown by
and the influence of the piezoelectric fields on optical prop-metalorganic vapor phase epitag/OVPE). The total un-
erties in the cases of GalnAs/GaAs QWand CdS/CdSe doped region sandwiched byandp layers is 51 nm. The
superlatticeson GaA$111). carrier concentrations of-GaN, p-AlGaN, andp-GaN are

On the other hand, group Il nitrides have very large2X 10, 2X 10", and 1x10' cm™3, respectively, while
piezoelectric constants, for instanae,,= —0.57 C/n? for ~ donor and acceptor concentrations are<10'® and 5
INN.5 —0.22 and—0.49 C/n? for GaN®® and —0.58 and X 10" cm™2. In this structure, the direction of the built-in
—0.6 C/nf for AIN.%>7 Therefore if nitride layers are under electric field is from substrate to growth surface. Using x-ray
biaxial strain, large piezoelectric fields can be generated. In giffraction measurements, we confirmed that the growth ori-
previous articlé theoretical results showed that the inducedentation of the nitride epilayers a(@001 or (0003 and that
piezoelectric field in a strained Ggin, N layer grown on  the GalnN well layers and the-AlGaN layer have trg)e same
(000D-oriented GaN is expected to be 1.1 MV/cm assuming-Plane a-axis lattice constant as the-GaN Ia_yeﬁ This
eq,= —0.22 C/n?. Moreover experimental resdftshowed |nd|ca'tes that the.se layers were psegdomorphlgally grown on
that the photoluminescenc®L) peak energy of strained the thick gndgrlylng GaN, result_mg in fully strained Iaye.rs.
Gaygino N QWs was redshifted with respect to that of Then, taking into accom_mt the biaxial _stress, we determined
thick Ga)’ +Ano 14N single layers due to an intrindiquantum- that the InN mole fractions in 'Fhe strained GalnN wells are
confined Stark effedt(QCSB caused by the piezoelectric 16% for the sample on sapphire substrate and 15% for the

field. These results suggested the existence ofapiezoelectr?‘ mple on HVPE grown GaN. We fabricated transparent

field in the strained GalnN layer. This field significantly af- € ect:odefstrf]or Gthlepﬁd?/vcot?]tactshThordlertto dmea;Ere Pl‘t
fects the band lineup, therefore we should take into accourppectra ot the am QWs through the electrodes. PL spectra

its direction and magnitude for the band engineering in ni-Vere taken at room temperature under various applied bias

. . voltages. When the applied voltage was changed frofrto
tride based devices. However, there was no report on t.hiz V, we observed that the current in the devices varied

. A . ) — + . i
fields in nitride based QWs. In this letter, we determine th;from 50 +700 uA. In the case of-3 V bias, the current

) L . . ) increased to 9 mA. A He—Cd laser with a power of 30 mW
piezoelectric fields in strained GalnN QWs by studying theand a spot size of 0.3 nwas used as an excitation source,

apﬁ“gd v:)!tage d((a:psegdlencedgi_the tT]L pea\l/\<,t<;ner_gy,t t?e S0 Figures 1 and 2 show the PL spectra of the GalnN/GaN
called extrinsic Q - N addition, the gro orienta IonsQWs p-i-n structures on sapphire and on HVPE grown GaN

of our nitride epilayers are discussed. under various applied voltages. Multiple peaks seen in the

In 'this expe.riment we used two differept substrates, PL spectra must be attributed to interference fridjdse to
sapphir¢0001) with a low-temperature-deposited AIN buffer 1 iinie reflection within the air/nitride epilayers/sapphire

layer and a 12um thick GaN on sapphit®001) grown by gystem. We eliminated this influence by dividing the PL
spectra by calculated interference fringes based on the mul-
dElectronic mail: d3962001@meijo-u.ac.jp tiple reflection in the Fabry—Pet etalon. As shown in Figs.

0003-6951/98/73(12)/1691/3/$15.00 1691 © 1998 American Institute of Physics
Downloaded 10 Jun 2002 to 65.167.146.194. Redistribution subject to AIP license or copyright, see http://ojps.aip.org/aplo/aplcr.jsp



1692 Appl. Phys. Lett., Vol. 73, No. 12, 21 September 1998 Takeuchi et al.

Room temp. ' Room temp. 4 GalnN/GaN sQw
GalnN/GaN 5QW on HVPE GaN
on sapphire
~—~ | v=+2v
[ —
£ 2
= | +1v x5 ©
o 7 { =
= =
Q ov x5 >
2 g) +1V x5
2 | x 20 3
_ £ oV x25
o |-2v x 100 -
i o 4V x 10
-3V x 1000
00
M M
400 420 440 460 480 400 420 440 460 480
Wavelength (nm) Wavelength (nm)

FIG. 1. Room temperature PL spectra of ajghngdN/GaN QW p-i-n FIG. 2. Room temperature PL spectra of ag@g;gN/GaN QW p-i-n
structure on sapphire under various applied voltages. Thick lines represestructure on HVPE grown GaN under various applied voltages. Thick lines
measured PL spectra and thin lines represent the PL spectra without threpresent measured PL spectra and thin lines represent the PL spectra with-
influence of interference fringes. Arrows indicate peak positions of the PLout the influence of interference fringes. Arrows indicate peak positions of
spectra. the PL spectra.

1 and 2, the best fitting results show clear single peaks whewidth, and the number of wells are representediasdg,
we used the refractive index of 2!5reflectivity from 0.04 L,,, andN, respectively. The built-in potentidB.3 V) was
to 0.11, and cavity length of 2.am for the sapphire case calculated from the carrier concentrations and the effective
and 13.4um for the HVPE grown GaN case, which are mass values. The thicknesses of the undoped reggibmm)
slightly different from our expected values. As a result, weand well width(3 nm) were obtained from x-ray diffraction
observe a clear blueshift of the PL peak wavelength in theneasurements. The depletion region thickness was calcu-
both substrate cases when the reverse applied voltage ifated from donor and acceptor concentrations, the built-in
creased. In the typical case of the QCSE, such as in GaAgbtential, and the applied voltage. This thickness varied from
AlGaAs QWSs? a redshift is shown with increasing reverse 89 to 13 nm with the applied voltage from10 to 3 V. We
voltages. This is due to an increase of the internal field in thaised the piezoelectric field as a free parameter for fitting to
well layer, leading to a smaller effective band gap. Thereforehe experimental results. Details after material parameters
the blueshift in our case should be caused by a decrease wire described elsewhetelhen we calculated the applied
the internal field. This is a cancellation of the piezoelectricvoltage dependence of the lowest transition energy between
field by the reverse bias, similar to the case of GalnAs/GaAshe conduction band and the valence band in GalnN/GaN
QWs on GaA6l11).> When the piezoelectric field is set QWSs with InN mole fractions of 15% and 16% using a mul-
against the built-in and reverse bias field, the band structuréistep potential approximatiof. In this calculation we did
of the GalnN well approaches flatband conditions with in-not consider the screening effect of the piezoelectric field by
creasing reverse bias. Therefore we conclude that the direany carrier. Figure 3 shows a comparison between the ex-
tions of the piezoelectric field in the strained GalnN wells onperiments and the calculations. In the case of a negative ap-
both substrates are opposite those of the built-in/reverse bigdied voltage, our data can be well described assuming a
field, which are from the growth surface to the substrate. piezoelectric field of~1.2 MV/cm for both Gggdng 1\ 0On

In order to estimate the magnitude of the piezoelectricsapphire and Gggdng 19N on HVPE grown GaN. Here note
fields, we compared the measured PL peak energies witthat the minus sign of the piezoelectric fields indicates that
calculations as a function of the applied voltage. In the calthe direction is from growth surface to substrate, which is
culation, the total internal fieldH;.,) in the well layer is consistent with the results described above. For positive ap-

approximated as follow&® plied bias, however, there is a discrepancy as large as 30
_ meV between the experiments and calculations for a piezo-
Etotar= Ei = Vappi/ (dy+da) + Epiezo, electric field of—1.2 MV/cm. At present we cannot explain

@D this discrepancy. For a more strict investigation, we need
more accurate estimations of the built-in potential and the

whereVy,, Vappi, Epiezo, @NdE; represent the built-in poten-  thickness of the depletion region, and should consider the

tial, the applied voltage, the piezoelectric field, and the interinfluence of compositional fluctuation in the GalnN

nal field in the undoped and depletion regions, respectivelylayers!'1®

In these equations the positive direction of the electric fields  Assuming the piezoelectric constants of linear interpola-

is set from the substrate to the growth surface. The thicktion of GaN and InN®, we expect the theoretical piezoelectric

nesses of the undoped region, depletion region, the wefields of 2.7-2.9 MV/cm in the strained GalnN layer with
Downloaded 10 Jun 2002 to 65.167.146.194. Redistribution subject to AIP license or copyright, see http://ojps.aip.org/aplo/aplcr.jsp
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Room temp'_ Gam'N/GaN 5c'1w ] (0001, which is consistent with the re_sults_using hemispheri-
1 cally scanned x-ray photoelectron diffractith.

290 15% InN mole | In summary, we observe blueshifts of the PL peak ener-
. ffi SI7~. _ fraction gies in GalnN QWs on both sapphire and HVPE grown GaN
% RV s ] with increasing applied reverse voltage. This phenomenon is
g . S é@;\\ 1 found to originate in the fact that the applied reverse voltage
2 1.0 ] cancels the internal piezoelectric field, which points from the
o 12 ] growth surface to the substrate. From the direction of the
g 14 piezoelectric field, the growth orientation of our sample by
© »sol A ] MOVPE and HVPE can be determined to(0€01). We also
3— ) 16% InN mole 12 determined the magnitude of the piezoelectric field to be 1.2
o fraction 44 MV/cm in strained Gggdng 1N layers on sapphire. A field

of such a direction and a magnitude is expected to strongly
275 ;}ﬁcm_‘ affect the electronic and optical properties in heterostructure
’ ®  on sapphire ] devices. The effects of strain induced piezoelectric fields
A onHVPEgownGaN | should therefore be taken into account for the design and
-10 -5 0 5 fabrication of group-Ill nitride based devices.
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