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e Ohmic contacts to ptype ZnTe 

W.H. Lan, W.J. Lin, Yi-Cheng Cheng, K. Tai, 
C.M. Tasi, P.H. Wu,  K.H.  Cheng, S.T. Chou, 
C.M. Yang, Yi-Chang Cheng and  K.F. Huang 

Ohmic contacts of AuBe to p-ZnTe show a minimum specific 
contact resistance of 3.0 X 10-6Qcm2 for ap-doping level of 1.6 X 
1019m-3 and at an annealing temperature of 200°C. The 
beryllium is very effective at improving the electrical properties of 
p-type contacts to ZnTe. 

11-VI wide bandgap semiconductors are being widely studied for 
optoelectronic devices [l]. ZnTe is a promising material because it 
can be doped with nitrogen in the region of 1019m-3. Much effort 
has been devoted to minimising the contact resistance [2 - 41. To 
date, a minimum specific contact resistance of 1.1 x 1Ck6!2cm2 has 
been obtained for ZnTe with an effective hole concentration 3 x 
1019crr-3 with Au/Pt/TdNi metals by using an electron-beam coater 
[3]. In this Letter, we propose that gold-beryllium alloy (AuBe, 
99:1, atm %), which can be evaporated easily in the thermal 
coater, is a good Ohmic metal for p-type ZnTe. The introduction 
of Be atoms led to a dramatic improvement in the Ohmic proper- 
ties of p-type ZnTe. 

ZnTe f h  was grown on a (001) semi-insulating GaAs substrate 
by MBE at 280°C. The source material was Zn(6N) and Te(6N). 
The p-type doping was carried out using a nitrogen plasma source. 
The hole concentration and mobility measured by the van der 
Pauw method were 2.0 x 1019cm3 and 27cm21Vls. The thickness 
was 0.66 pm. The specific contact resistance was measured by 
transmission line model (TLM) measurement. Before the forma- 
tion of the TLM pattern, the sample was cleaned with methanol 
and de-ionised water. The TLM pattem was formed by a photore- 
sist process. ZnTe mesa etching was carried out with K2Cr,0, : 

H,SO, : H,O solution with an over-etch into the semi-insulating 
GaAs substrate. Using a normal lift-off process, the AuBe metal 
was deposited using a thermal coater after the surface oxide was 
removed by HF : H,O = 1 : 200 (volume ratio). 

The length of the TLM pattern was 5, 8, 11, 13, 16, 19, 22, 
27pm with a width of l o o p .  Annealing was performed at various 
temperatures for lOmin in a nitrogen gas ambient in a conven- 
tional furnace. The specific contact resistance was measured by 
using an hp3457A multimeter. The four-probe technique was used 
to avoid probe resistance effects. 
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Fig. 1 shows the current-voltage (I-V) characteristic of the top 
contact pad on the pattern of the transmission line measurement 
with 27pm linewidth. The variations in the I-V characteristics 
caused by the annealing can be clearly observed in this Figure. 
Good Ohmic behaviour can be clearly observed in the as-depos- 
ited f h  as shown in Fig. 1. The specific contact resistance 
decreases as we increase the annealing temperature. Yet, as shown 
in Fig. 2, only a small decrease in the specific contact resistance 
(6 .4~  l e 6  - 3.0 x 106Qcm2) occurs while the annealing tempera- 
ture is increased from the as deposited case to 250°C. While the 
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annealing temperature is > 300”C, the specific contact resistance 
increases dramatically and some kinks in the I-V characteristic 
around 0.3V can also be observed. Thus, inferior Ohmic proper- 
ties occurred under these annealing conditions. Since the Te out- 
diffusion behaviour can be observed in the X P S  analysis, the deg- 
radation in Ohmic properties may be caused by the lack of Te in 
the ZnTe film. Further investigation is necessary to identify these 
characteristics. 

We also compared the annealing effect of Au and AuBe. As 
shown in Fig. 2, the specific contact resistance of Au on p-type 
ZnTe varies in the range 3.5 x lV3 - 3.0 x 1v4Qcmz with different 
annealing temperatures. This result explains why different specific 
contact resistances were achieved in previous work [2, 31 with a 
similar layer structure. After the introduction of Be, an improve- 
ment in specific contact resistance of more than two decades was 
observed. The AuBe alloy is very effective at improving the electri- 
cal properties of p-type contacts to ZnTe. 

In conclusion, Ohmic contacts formed from AuBe alloy provide 
a very low resistance to p-ZnTe. Specific contact resistances as low 
as 3 x 1V6L2cmz have been obtained after a 200°C annealing 
process. 
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Bright electroluminescence from CdS 
quantum dot LED structures 

S. Nakamura,  K. Kitamura, H. Umeya, A. Jia, 
M. Kobayashi, A. Yoshikawa, M. Shimotomai, 
Y. Kat0 and  K. Takahashi 

Self-assembled quantum dots of CdS were introduced into the pu 
junction of ZnSe. Bright luminescence was observed at 77K and 
room temperature. The peak wavelength can be tuned by altering 
the dimensions of the quantum dot structure. 

Heteroepitaxial growth of highly strained material systems has 
gained increasing interest as it offers the possibility of producing 
nanoscale structures such as self-assembled quantum dots (QDS) 
in-situ without any substrate patterning process [ l ,  21. Although 
QD size fluctuations, inherent in the growth process, result in 
inhomogeneous electrical and optical properties, the self-assembly 
of strain-induced islands provides the means for creating zero- 
dimensional quantum structures without having to overcome the 
current limitations of lithography. In addition, they offer the 
opportunity to study and test novel device physics [3]. Because II- 

VI materials typically have wider bandgaps and stronger exciton- 
photon interactions than 111-V materials, 11-VI semiconductor 
nanostructures are expected to be very useful in exploring the exci- 
ton nature in low-dimensional structures. Self-assembled quantum 
dots of CdS were examined in this study as a novel QD system 
grown by MBE. It was found recently that CdS QD shapes can be 
made either circular or rectangular depending on the growth con- 
ditions [4]. The controllability of the shape is probably related to a 
metastable crystallographic feature of CdS; hexagonal structure or 
cubic structure epilayers could be selectively grown on (001) GaAs 
substrates through small changes in the growth conditions [5]. In 
this study, the optical properties of the QD samples were mainly 
characterised by low temperature (1 3 K) photoluminescence (PL). 
CdS QD layers were also embedded in the pn junction of ZnSe 
and the device performance was characterised. 

CdS dots on (001) ZnSe surfaces were fabricated in an MBE 
machine equipped with elemental sources. An elemental sulphur 
beam was supplied by a valve cracker cell. A ZnSe buffer was 
grow; at 300°C on (001) GaAs substrate with a thickness of 
IOOOA or less; the ZnSe buffer layer thickness was maintained 
within the critical layer thickness so that misfit dislocations did 
not affect the nucleation of QDs. The dots were grown by simulta- 
neously opening both Cd and S shutters. The nominal growth rate 
of CdS was deduced using the growth rate of CdS thin f h s  and it 
was reduced to -0.03MWs. PL was measured from the CdS QD 
samples without the need for capping layers. This is a unique fea- 
ture of the CdS QD system on ZnSe; other QD systems usually 
require the formation of cap layers before PL measurements can 
be carried out. The existence of the cap layer for the CdS QD sys- 
tem does not affect its PL spectrum, but the PL peak intensity 
could be improved by an order of magnitude. A single peak and 
strong luminescence with relatively wide linewidth were observed. 

Fig. 1 PL spectra of various QD Jamples obtained at 13K 

Fig. 1 shows variations in the PL spectra with respect to varia- 
tion in the CdS deposition. When the deposited CdS corresponded 
to 0.5ML, the PL peak at 13K was located at 2.65eV and the 
FWHM was 29m eV. Since neither the ZnSe epilayers nor CdS 
epilayers showed such a spectrum, the PL can be associated with 
the CdS nanostructures. As was observed in other QD systems, a 
blue shift was obtained by depositing a thinner layer of CdS. A 
QD sample in which the CdS deposition was 3.6 ML has a peak at 
-2.1 OeV, and the sample in which the CdS deposition corresponds 
to 1.4ML has a peak at -2.21eV. Further reductions in the depo- 
sition of CdS shifted the luminescence colour towards the blue end 
of the spectrum. Green luminescence, with a peak of -2.33eV, was 
observed when the CdS deposition was -1.OML. Bright blue lumi- 
nescence, with a peak of -2.16eV, was observed when the CdS 
deposition was -0.3ML. The PL peak position varied from sample 
to sample, and covered a higher energy range of the CdS bandgap 
to a lower energy range. This is probably related to the band line- 
up between ZnSe and CdS. The band line-up between bulk ZnSe 
and bulk CdS is considered to be of type 11, and this characteristic 
nature would contribute to the wide tunable range of the PL peak 
energy. Studies to obtain detailed characteristics including a time 
resolved study are currently being carried out. 

The CdS QD was included in the ZnSe pn junction device. As 
shown in Fig. 2, a (001) oriented n-GaAs substrate was used and 1 
pm thick n-ZnSe layers (n = 5 x 10L7cm-3) was grown directly on 
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