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We report the first observation of resonant tunneling through a
CdTe/Cd1- x Mgx Te double barrier, single quantum well heterostructure.
Negative differential resistance is observable at temperatures below 230 K,
exhibiting a peak to valley ratio of 3:1 at 4.2 K.

PACS numbers: 73.20.Dx, 73.61.Ga

Since the first observation of resonant tunneling in GaAs/AlGaAs double
barrier stuctures [1], the work in this particular field has been almost exclusively
confined to III-V material systems [2-5]. Resonant tunneling devices are interest-
ing for high frequency applications. Moreover, they are of considerable interest in
basic research [6]. Double barrier stuctures can be used e.g. for the investigation
of interface roughness or band discontinuities.

In II-VI semiconductors, resonant tunneling through double barrier struc-
tures had been reported only in the HgTe/CdTe system [7]. It has been shown that
CdMgTe heterostructures can be grown by molecular beam epitaxy (MBE) with
a high quality [8]. Varying the Mg concentration, the energy gap can be tuned
from 1.5 eV (CdTe) to 3.5 eV (zinc blende MgTe) [9]. The valence band offset
CdTe/MgTe was determined to be 0.7 eV [10, 11]. Therefore a very high electron
confinement of 1.3 eV can be obtained. Recently quantum Hall effect in modulation
doped CdTe/CdMgTe single quantum wells has been observed [12], demonstrating
that high mobility twodimensional systems can be fabricated. In optical studies
the non-magnetic CdMgTe turned out to be the ideal counterpart for the semimag-
netic CdMnTe due to its very similar crystalline and electronic properties [13, 14].
Thus the quateuary system CdMgMnTe provides the unique possibility to alter
separately the electronic and magnetic properties in a heterostructure. In addition,
this material system is suitable for the fabrication of quantum wires and dots [15].
Photoluminescence intensity from low-dimensional, deep etched stuctures turned
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out to be limited by side wall recombination at the etched surfaces. Therefore,
resonant tunneling could be an alternative method for the investigation of these
low-dimensional stuctures made of II-VI semiconductors.

In this article we report on the fabrication of CdTe/CdMgTe double barrier
stuctures and the observation of resonant tunneling in this material. Up to now,
resonant tunneling devices have not been reported in any wide gap II-VI material.

The CdTe/CdMgTe double barrier stuctures were grown by MBE on (001)
CdTe and n-type (001) CdZnTe:In substrates. Details about the substrate prepara-
tion were described elsewhere [16]. The substrate temperature was kept at 260°C.
A Cd/Te flux ratio of 2/1 was adjusted to provide a Cd-rich growth regime. Before
the growth of the heterostucture a 10 nm thick n-doped CdTe buffer layer was
applied at 3500C in order to obtain a smooth substrate surface. For the doping
we used CdI2 which turned out to be the most suitable doping source material for
n-type doping [16]. The double barrier structures were embedded in highly doped
CdTe layers. Doping levels far above 1 x 10 I8 cm-3 are an important prerequi-
site for the fabrication of low temperature ohmic contacts. Figure 1 illustrates the
layer sequences of one of the investigated tunneling stuctures. The growth rate
was determined by means of RHEED (reflection high-energy electron diffraction)
intensity oscillations and yielded 1.2 Å/s for this sample. The error in the layer
thickness is assumed to be 3%.

After the MBE growth process, a 400 nm aluminum layer was deposited on
top of the sample at room temperature without breaking the vacuum. This was
done by means of a metallization chamber equipped with an electron evaporator
interconnected with the MBE chamber. This procedure prevents the CdTe sur-
face from being oxidized, avoiding a degradation of the contacts through surface
contamination.

After a photolithographical step, mesas were created by etching the stucture
in a 1% bromine-ethylenglycol solution until the double barrier structure was
isolated. Typical mesa sizes were 100 μm x 100 μm. The back contact has been
formed by soldering indium onto the etched n-CdTe epilayer surface (see Fig. 1).

Current-voltage (I-V) characteristics of the sample were measured in a he-
lium bath cryostat at different temperatures by the use of a ΗΡ-4145B semicon-
ductor parameter analyser.

The I-V characteristics of sample CT1143 with 8 nm thick barriers is shown
in Fig. 2. A peak to valley ratio of 3:1 for the first resonance can be determined
at 4.2 K. At higher voltages a second resonance shows up which we ascribe to
the second subband. From the positions of the resonances on the voltage axes one
cannot determine the exact subband energies. This is due to both a significant
voltage drop across the collector depletion layer, which is caused by the undoped
spacer, as well as an additional voltage drop from the series resistance of the
contact layers.

To conclude, resonant tunneling in a CdMgTe/CdTe double barrier struc-
ture has been observed. Better resolution can certainly be obtained by optimizing
the double barrier structures and — more important — lowering the size of the
tunneling diodes. This work has been a further step towards the fabrication of
semimagnetic heterostuctures for transport measurements.



Development of CdTe/Cd1-xΜgxTe Double Barrier... 	 887

The authors want to thank P. Wolf-Müller and Th. Schuhmann for the
substrate preparation and A. Schönteich and R. Brauner for maintenance of the
MBE equipment. We gratefully acknowledge the financial support of the Deutsche
Forschungsgemeinschaft DFG within the framework of the SFB 410 and the
Volkswagenstiftung.



888 	 G. Reuscher, M. Keim, F. Fischer' A. Waag' G. Landwehr

References

[1] L.L. Chang, L. Esaki, R. Tsu, Appl. Phys. Lett. 24, 593 (1974).

[2]T.C.L.G. Sollner, W.D. Goodhue, P.E. Tannenwald, C.D. Parker, D.D. Peck, Appl.
Phys. Lett. 43, 588 (1983).

[3] E.E. Mendez, W.I. Wang, B. Ricco, L. Esaki, Appl. Phys. Lett. 47, 415 (1985).

[4] F. Capasso, K. Mohammed, A.Y. Cho, Appl. Phys. Lett. 48, 478 (1986).

[5] J.N. Randall, M.Α. Reed, Τ.M. Moore, R.J. Matyi, J.W. Lee, J. Vac. Sci. Technol.
B 6, 302 (1988).

[6] Α. Förster, Festkőrperprobleme, Advances in Solid State Physics, Vol. 33, Ed. R. Hel-
big, Vieweg, Braunschweig 1993, p. 37.

[7] M.Α. Reed, R.J. Koestner, M.W. Goodwin, Appl. Phys. Lett. 49, 1293 (1986).

[8] A. Waag, H. Heinke, S. Scholl, C.R. Becker, G. Landwehr, J. Cryst. Growth 131,
607 (1993).

[9]A. Waag, F. Fischer, Th. Litz, B. Kuhn-Heinrich, W. Ossau, H. Heinke,
G. Landwehr, J. Cryst. Growth 138, 155 (1994).

[10]B. Kuhn-Heinrich, W. Ossau, H. Heinke, F. Fischer, T. Litz, A. Waag, G. Landwehr,
Appl. Phys. Lett. 63, 2932 (1993).

[11]W. Spahn et al., to be published.
[12]S. Scholl, J. Gerschutz, F. Fischer, A. Waag, K. Schull, H. Schäfer, G. Landwehr,

Solid State Commun. 94, 935 (1995).
[13]B. Kuhn-Heinrich, M. Popp, W. Ossau, E. Bangert, A. Waag, G. Landwehr, Semi-

cond. Sci. Technol. 8, 1239 (1993).
[14]G. Mackh, M. Hilpert, D.R. Yakovlev, W. Ossau, H. Heinke, T. Litz, F. Fischer,

A. Waag, G. Landwehr, Phys. Rev. B 50, 14069 (1994).
[15]M. Hling, G. Bacher, A. Forchel, T. Litz, A. Waag, G. Landwehr, Appl. Phys. Lett.

66, 1815 (1995).
[16]F. Fischer, A. Waag, G. Bilger, Th. Litz, S. Scholl, Μ. Schmitt, G. Landwehr,

J. Cryst. Growth 141, 93 (1994).


