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Tunneling effects and intersubband absorption in AIN/GaN superlattices
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We report on intersubband absorption and photovoltage measurements on regular GaN/AIN-based
superlattice structures. For barrier thicknesses larger than about 25 A, the optical intersubband
absorption peaks at a considerably smaller energy than the photovoltage spectrum. A simple model
taking into account the oscillator strength of the involved transitions and the corresponding
tunneling probabilities agrees with the experimental findings. According to this model, the observed
photovoltage is the macroscopic manifestation that the two-dimensional electron gas at the top of
the superlattice changes its carrier density by a vertical transport of electra280®American
Institute of Physic§ DOI: 10.1063/1.184941]8

Thanks to their large band gap energies, the semiconduavell structure of all samples was covered with a 100 nm
tor materials GaN and AIN have attracted a lot of attentionAlGaN cap layer of the same composition and doping as the
for the fabrication of long-lived visible lasers and light- buffer. This cap layer is partly relaxed. Lateral resistance
emitting diodes: More recently, the huge conduction band measurements in the AlGaN buffer have shown that even
discontinuity of nearly 2 eV between these two semiconducsuch a high doping level does not lead to appreciable con-
tors has resulted in some device proposals based on intersufiictivity, especially if the Al content exceeds 83%Sample
band transitiond-° Particularly interesting in this context are preparation for optical absorption measurements relied on
photodetectors, modulators, or lasers in the technologicallpolishing of 3-mm-long and 30@m-thick multipass
interesting 1.55um wavelength range. Such devices couldwaveguides as shown schematically in the inset of Fig. 1.
profit from short intersubband lifetimes, which might even-The polishing process was followed by electrical contact
tually result in high operating frequenciég.Unfortunately, evaporation. The contact stripes were ohm{Ti/Al,
the heavy effective masses of 0 for GaN and 0.32n,  40/400 nm, annealed at 800 °C for 6)) sovered the entire
for AIN impose the epitaxial growth of layer thicknesses in sample length, had a width of 8Qdm, and were separated
the 15-30 A range, which, despite substantial progress iBy 1200um (edge to edge
molecular beam epitaxy, is still quite a challenging tsk. ~ For the photovoltage measurements, the copper platelets
Nevertheless, intersubband absorption down to L@6has  holding the sample were mounted on the cold finger of a
been shown in heavily doped, ultrathin GaN quantum wellSjquid He-flow cryostat held at a constant temperature of 10
which were separated by barriers of either AlGaN, pure AIN.K, |n contrast, all optical absorption measurements were
or AIN/GaN superlattice$*" In the majority of these ex- done at 300 K. The cryostat was placed into the sample
periments, the observed effects were purely optical and, excompartment of a Fourier transform infrared spectrometer.
cept for one report, no vertical current transport could beror absorption measurements, the sample was used in trans-
demonstrated In a different type of experiment, one re- mission geometry; and the transmitted signal was measured
search group reported transport through thin AIN barriers inyith a liquid nitrogen cooled mercury—cadmium-—telluride
a resonant tunneling diod&In our present work, we see the detector. During the photovoltaic measurements, the sample
combined effects of intersubband absorption and tunneling iftself served as a detector. In both cases, illumination was

a regular AIN/GaN superlattice. _ __accomplished by the spectrometer’s internal white light
All our measurements have been carried out on epitaxiadorce.

material grown by molecular beam epitaxy on C-face sap-

phire substrate¥! Growth started with a 500-nm-thick

n-type AlGaN buffer |aye|(Si, 5% 10t cm‘3) with a high Al TABLE |. Structural properties of the nitride samples used for these experi-
Content, typ|ca”y between 67% and 100%. Exact number@ents. Data were Obtaineq from x-ray diff.raction. The doping density indi-
have been measured using high-resolution x-ray diffractioﬁated stands for the wells in the superlattice structure.

and are shown in Table I. The active region consists of a

regular 20 period superlattice with undoped AIN_barriers and Al V\t/ﬁ:lclssgs'ir Nom'Zf,mZasured
degenerately doped GaN quantum wellSi, 5-10 Sample content A) (cd)
X 10* cm®) and is typically about 50% relaxed. The well
thicknesses range from 17 to 38 A, while the barriers are A 98% 38/19 0.8/1.x10%
between 18 and 34 A thick. Finally, the multiple quantum B 67% 33/34 1.0/0.6:10%°

C 90% 22/23 0.5/1. 107

D 100% 17/18 1.0/0.5 10%°
dElectronic mail: fabrizio.giorgetta@unine.ch
0003-6951/2005/86(3)/032110/3/$22.50 86, 032110-1 © 2005 American Institute of Physics

Downloaded 08 Apr 2005 to 130.125.4.20. Redistribution subject to AIP license or copyright, see http://apl.aip.org/apl/copyright.jsp


http://dx.doi.org/10.1063/1.1849418

032110-2 Baumann et al. Appl. Phys. Lett. 86, 032110 (2005)

— a(v) X L==In(lsampid lwhite) With L=3 mm. With decreasing
well width, a transition energy increase due to quantum con-
finement is clearly visible. According to Fermi’s golden rule,
the surface under the absorption curves is proportional to the
oscillator strength of the optical transition. Nominal and
computed doping densities are shown in Table | and agree
reasonably well. From the amount of linewidth broadening,
one can deduct an approximate number for the interfacial

illumination

Energy [eV]

E, . .
o 2 roughness of the layers. A naive comparison of samples A
’ buffer | and B, and of samples C and D, which eacheh&vA well
” layer width difference, i.e., about one monolayer on each side,
2F , , s reveals that the thickness fluctuation in all wells must be on
750 500 250 0 the order of roughly one monolayé2.4 A). This becomes
Vertical distance from lowest well [A] clear once we notice that curve A drops to about half of its

maximum value at the photon energy where curve B is maxi-

FIG. 1. Schematic conduction band diagram of our multiple quantum well . .
structures. lllumination excites electrons into the upper bound state of thénal’ a_nd vice Vefsa' EspeC|aIIy for Samples C and D,
wells from where they drop into an adjacent well. The field gradient in theS-POlarized absorption and photovoltage peaks were not neg-

2DEG region dictates that a net electron transport toward the sample surfadigibly small. This apparent violation of the polarization se-

is established. The inset shows the geometry of the sample on the coppksction rule is a result of polarization coupling, interface

platelet. roughness, and the standing wave effect in the active layer.
As far as vertical transport goes, samples C and D show the

Due to spontaneous and strain-induced polarization efexpected behavior: Absorption takes place at the lower edge
fects, a two-dimensional electron g2DEG) is formed at  of the miniband formed by the coupled first excited states
the superlattice/cap layer interface; whereas a twowhile due to an enhanced tunneling probability, vertical
dimensional hole gas builds up at the superlattice/buffetransport is more probable to happen at the upper edge.
layer interface'® \oltage versus current curves confirmed In contrast to samples C and D, samples A and B reveal
that the annealed top contact goes all the way through the significant difference between the absorption and the trans-
cap and makes contact to the 2DEG. Under illuminationport spectra. In sample A, the fundamental absorption peak
electrons are lifted into the excited states of the wells fromstill shows up in the photovoltage spectrum, although accom-
where they drop either back or into an adjacent well. For thepanied by at least two other transitions. In sample B, how-
latter case, the field gradient in the 2DEG region promotegver, the photovoltage peaks at a completely different energy
tunneling toward the cap and hampers tunneling in the directhan the absorption. In addition, its relative full width at half
tion of the buffer. Therefore, although not being very effi- maximum is so much larger than in the other samples, that
cient, a net electron transport towards the AlGaN cap is eswe strongly believe that multiple transitions into higher en-
tablished, the 2DEG is slightly enhanced, and a negativergetic states are at the origin of this broad signal. The rea-
voltage occurs at the illuminated top contact. At the darksons for this rather peculiar behavior can be understood on
contact, however, no enhancement will take place and nthe basis of the following model. In first approximation, the
voltage builds up. By measuring between an illuminated angbhotovoltage for each transition is a Gaussian whose height
a dark contact, we are thus able to see a photovoltaic sign& proportional to the corresponding oscillator strength times
whose sign depends on the position of the light spot on tha tunneling probability computed via the Wentzel-Kramers—
sample. Brillouin method times the blackbody spectral intensity of

Figure 2 presents optical intersubband absorption anthe illumination sourcé’ Since both barrier height and
photovoltage measurements for all samples. All absorptiothickness are different for different transitions, the respective
curves were obtained by dividing the-polarized sample tunneling probabilities can vary by many orders of magni-
transmission spectrum by thepolarized spectrum of the tude. It is therefore possible that a transition into a higher
internal white light source, followed by the normalization excited state, although having a very small oscillator
strength, becomes the dominant one for transport. This is
exactly what happened for samples A and B: they have thick

§ zg A wells (A: 38 A, B: 33 A) which contain the two lowest
e . well . . . . .
T S A |- B 33Awel | confined states in the triangular section of the well. In addi-
g 4ol —em C: 22 Awell | tion, sample B has an extremely thick barrier of 34 A, which
< sl Tt D7 Awel makes tunneling from the first excited state into a neighbor-
— 0.0 [-——t S it ing well's ground state very unlikely.
& 17 B 1 In order to further understand the functioning of our
& 09} NURRE 1 samples, we investigated the transient behavior of sample D
S osf | 1 at different temperatures. The left half of Fig. 3 shows such a
ﬁ 03l e ] series of photovoltaic measurements as a function of time
® 00 e b ] and between 5 and 180 K. Time was measured from the
0 2000 4000 GOOO 8000 10000 12000 14000 16000 onset of the illumination with the spectrometer’s internal
Photon energy [em’] white light source25 mW total power. After each measure-

FIG. 2. Comparison of optical intersubband absorption and photovoltagéne_nt' the tem_perature_ was rar_n_ped up to 313 K'in order to
spectra. The photovoltage fpolarization was normalized to 1 whereas the Maintain identical starting conditions. At temperatures below

optical absorption is shown in absorbance units. 80 K, the photovoltage jumps abruptly to about half of its
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T #—8K" —gtf00K] T T T T T 7T T GaN-based superlattices. The main argument is based on the
——20K —-0—120K . . .
fact that optical absorption can peak at completely different

10 —A-40K —A—140K]
wavelengths than the photovoltaic measurements. Especially

—»B0K —v— 160K

H—
-
o

s —O— 180 K} ! _ : _ )
E 1 g if the barriers were very thick and high, we observed higher
“é, - g order transitions, whereas the first excited state did not domi-
S 1 boooo000000000000000000 11 8 nate the spectrum or not even show up. Temperature-
3 E " g dependent measurements on one sample revealed further-
% I s more the detrimental effects of persistent photoconductivity
o [T e Y o], in GaN.
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