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SCHOTTKY DIODES METAL-CdTe*
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Contacts on weakly-doped p-type CdTe samples were obtained by vacuum evaporation
of Au and In. The current-voltage (CV) and photo-voltage (PV) characteristics were mea-
sured for the temperature range 77-300 K. The barrier height has been estimated and the
Schottky model for contacts at 300 K presented. '

1. Introduction

The choice of metal contacts with appropriate properties is an essential problem in
the production of semiconductor elements as well as in investigating transport phenomena
in semiconductor materials. The knowledge of the electrical properties of contacts used
for a wide-gap, Weakly-doped semiconductor is of a particular importance because of the
relatively greater difficulty encountered in the production of an ¢hmic contact.

Increasing interest in the properties of the rectifying metal- sermconductor contacts
(commonly called s.o. Schottky. dlodes) has taken place in recent years, as manifested
by the numerous papers published yearly [1]. Special interest was shown in Schottky
diodes .used as e.g. nonlinear electronic elements and photovoltaic detectors or solar
cells [2, 3]. Metal-CdTe contact is very suited to this application [4], its properties have
been widely discussed. in [5]. Technology, properties and applications of the metal. n-type
CdTe contacts were also mvestlgated in [6-9]; the discussion of the results are included
in Part III of this work. ‘

Our research on electrical transport properties of contacts with Te compounds was
directed to the metal contacts with CdTe-HgTe mixed crystals, with small fractions of
CdTe [10-14]: In this work we describe the experlments performed on metalic contacts
to weakly-doped p-type (10'°—10%° m~3) CdTe samples which are used by us in both
epitaxial Cd,Hg,_.Te layers and solar-cell technology.
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2. Experimental part

The semiconductor surfaces were first ground and polished mechanically and next
etched for 2 min. in a 5% solution of Br in methyl alcohol. The metallic contacts were
prepared by vacuum (p = 10-° Torr) thermal evaporation. The CdTe sample area was
8 x 3 mm?, the contact surfaces were 1.61 mm? (In) and 2.17 mm? and 2.02 mm* (Au).
The contact configurations were similar to those in [10].. The current and voltage elec-
trodes were connected by indium soldering a Au wire 0.1 mm in diameter.
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Fig. 1. CV (a) and @l/dV)™ (b) characteristfcs for In-CdTe contaét at 77 K

The measurements.of CV.characteristics were. made by the d.c. intermediate method
just as in our former papers [10, 11] using a DC Microvoltmeter V 623 Meratronic and
Keithly 150 B Micrometer and recording the results with a Rikken-Denshi AT-5B X— Y
recorder. Using the additional electronic equipment we simultaneously recorded the-dif-
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ferential resistivity plots (dI/dV)~" and lg.J vs ¥ dependences. Typical! CV characteristics
of an In-CdTe contact at ;77 K and 300 K are presented in Figs.:1a and 2a, respectively.
The (dI/dV)~" plots are shown in Fig. ;Ib and 2b, respectively.. ‘ ’
Spectral measurements were performed for» the wavelenght range 0.35 pum—1.3 pm
using the experimental arrangement described in' detail in [15]. The arrangement used
allows one to obtained directly the: ra’tios of photoresponses of contacts investigated
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Fig. 2. CV (@) and (dI/dV)~' (b) characteristics for In-CdTe contact at 300 K

to the photoresponse of a standard detector. The schematic set-up of the open-circuit
photovoltage measurements has been described in [15] and the contact configuration is
shown in Fig. 3. The monochromatic radiation was incident both on the semitrans-

I Sixteen contacts were measured and the other «current-voltage plots are very close .t_o this one;
only quantitative differences (see discussion of results) were: observed.
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Fig. 3. Contact conﬁguration used in PV experiments and front-wall (a) -and back wall (b) iluminations
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Fig. 4. PV spectra of In-CdTe (a) and Au-CdTe (b) contacts at 300°K for both configurations: front-wall
lighting (solid line) and back-wall lighting (broken line)
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1}
parent - metal layers (of thickness d,, < 15 nm, according to [16]) and on the semicon-
ductor surface. The obtained results in the form of the photovoltage spectra of Upy/ls
where Upy is the open-circuit photovoltage and /, is the photon flux density, are shown
in Figs. 4a and 4b for In-CdTe and Au-CdTe contacts, respectively.

3. Discussion of results

: ‘The measurements of CV characteristics (schown in Figs 1 and 2) allow one to obtain
the g 7.vs V plots presented, for example, in Fig. 5 for In-CdTe contact under forward
bias at 300 K. Using the current density versus voltage relationship for a Schottky barrier
(the thermoemission-diffusion theory by Crowell and Sze [17])

V.
J=Jsexp (,%) [l—exp(— —i; )] (1
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Fig. 5. Ig 1 versus ¥V of In-CdTe contact at 300 K
where the contact voltage V, is related to the applied voltage V, by
V, = V,—IR,, 2
where R, is the series resistance of contacts, I is the contact current and

g9 dv) [1_ d(%)]“‘

e = (3)
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. 4
when ¥, > kTJe and &y is a Schottky barrier. height when V; = 0, we can obtain -the
values of ®g. The saturation current density j; is given by

jo= AT axp( - 22, | @
KT

where A** is the modified Richardson constant (being a function of the appropriate
Richardson constant A* and probabilities of the overbarrier carrier emission and tunneling
as well as a function of the ratio of the recombination and diffusion velocity). We have
assumed A** = A% and A*/4 = mj}/mq as for a semiconductot with the isotropic effective
mass of carriers m; where 4 = 1.2x10° Am—?K~* is the Richardson constant for a free
electron with mass m,. The effective mass m; of heavy hole in CdTe we have taken at
different temperatures from the ones of Ref. [18]: Thus, if # is experimentally obtained
from Eq. (3), Eqs. (1) and (4) can be solved and the value of the Schottky barrier height
obtained.

The ®p-value obtained- from CV characteristics of In-CdTe contacts at 300 K varies
between 0.58 eV and 0.67 eV- having a mean value of 0.60 eV whereas for Au-CdTe
contacts at 300 K it varies between 0.51 eV and 0.55 eV with the mean value of 0.52eV.
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Fig. 6. CV characteristics of Au-CdTe contact at 300 K soon after evaporation (solid line) and 800 HR
after (broken line)

. It has been noted that the CV characteristics of Au-CdTe contacts change their
plots with time as shown in Fig. 6. The origin of this phenomenon is still unknown, this
problem requires further investigation. :

" The results of PV measurements (Figs. 4a, b) allow one to obtain the (Upy % hv/Ip)*"?
vs photon energy plots presénted in Figs. 7a, b for both configurations of contact lighting
shown in Fig. 3. ) : *
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With. Fowler’s carrier distribution [19] ‘and.the relation® -

1/2 oo
(I;"Vh ) ~ (hv—y), (5)

0

we obtained the &y values at 300 K 'a's a cut-off of PV-plots from long waverange (in
Figs. 7). For In-CdTe contacts @y varies bétweeh”0.90 eV and 1.02eV having the mean
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Fig. 7. <—~IP—V hv) vs hv for the In (a) and Au (b) contact at 300 K Open and closed circles denote
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value of 0.95 ¢V whereas for Au-CdTe contacts @y = 0. 66 eV— 0 95¢eV and the ‘mean
value of ch is 0.84€V. ‘

A comparison between the values obtained from CV and PV ‘measurements as well
as between In-CdTe and Au-CdTe contacts allows one to draw the schematic energy
band diagram (SEBD) of the contacts investigated, shown in Fig. 8. In the SEBD presented
Ep = 0.32¢V is the Fermi level (above the valence band) acc. to holes concentration
p = 5% 10" m2 [20], and (a) and (b) are the two mechanisms of photoresponse generation
which denote the emission of photoexcited holes from the Fermi level of metal to the
valence band of the semiconductor (fbr hv = ®g,) and band-to-band excitation of hole-
telectron pairs in the depleted region of the semiconductor (for Av > E,), respectively.
&g, and Py, represent, on one hand, the potential barrier for the electrons moving from
the metal- and semiconductor-side, respectively. On the other hand, if by &g, and Dy,
we denote the barrier height obtained experlmentally, from PV. and CV measurements,
respectively, then distinct differences between ®g, and @y, should be expected. ‘More
precisely, .

Py — Pp, = Ep, : T (6a)

2 Always for hv > ®dp—5kT, see e. g. [15].
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if the effect of surface states is neglected, and with the experimental (mean) results (see
above) we have obtained

By —Dyy = 0.95eV—0.60eV = 0.35eV (6b)
metal cdle |
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Fig. 8. Schematic energy band diagram (SEB.D) of contacts measured, at 300 K

for In contacts and

By, — Dy, = 0.84eV—0.52eV = 0.32eV (6¢)

for Au contacts, at 300 K. These results are in good agreement with the value of the
Fermi-level energy, 0.32 ¢V, calculated from the semiconductor properties, taking also
into account the experimental and computational errors.

It has been noted that often discussed equality between @, and Py, (ség e.g. [8]
for metal-CdTe éontacts) probably does not always exist for a Schottky contact with
non-degenerate semiconductors, as has been shown in this paper.

The authors are deeply indebted to Dr. P. Becla and G. Wdjcik, M.Sc., for their help
in the measurements.
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