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Abstract: The paper describes how electrical properties of Pt/InP Schottky diode were affected by semi-
conductor type. We fabricated Pt/p-InP and Pt/n-InP Schottky diodes and measured electrical characteristics
from 20 K to 400 K. Thicknesses of less than 30 nm of platinum were deposited on the two types of indium
phosphide substrates using magnetron sputtering technique after the creation of Zn-Au ohmic back contact.
We discussed basic diode parameters of idealiy factors, barrier heights and serries resistances of the two type
of contacts. Additionly, unusual temperature characteristics of the the diodes were highlighted. These results
were evaluated in terms of semiconductor type comparision of Pt/InP Schottky structures.
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Introduction

The preferred material and technique is mostly effec-
tive in the forming of semiconductor devices. InP is an
extremely suited substrate since high electron mobility
and high speed performance. Platinum is also used in
several areas as a gate contact metal in most of devices
successfully [1,2]. Magnetron sputtering technique is
generally used for controlling the thickness distribution
and obtaining high rate of uniform surfaces.

It is of great value to form Schottky diodes that have
high barrier heights and good thermal stability in the
realization of getting better performance. To achieve
fabricating such a diode and obtaining the desired char-
acteristics, it is very important to be careful in all stages
from selecting material type, using appropriate tech-
nique to physical and chemical cleaning and measure-
ment processes. The successful experimental results

in different temperature conditions using platinum and
InP separately were published in the litterature. There-
fore we assess such an option for the material selec-
tion. We emphasized the effects of semiconductor type
on electrical characteristics in given temperature con-
ditions. Semiconductor type dependent investigations
have been done by various researchers. For instance,
Yildiz et al. investigated electrical characteristics of
Au/SnO;/n-Si and Al/SnO2/p-Si Schottky contacts at
200 and 295 K [3]. Siad et al studied series resistance
and diode parameter differences between Al/n-Si and
Al/p-Si Schottky contacts [4]. Akkilig et al., deter-
mined correlation between barrier heights and ideality
factors of Cd/n-Si and Cd/p-Si Schottky barrier diodes
[5]. Arslan et al. published electrical characteristics
of Pt/p-InGaN and Pt/n-InGaN Schottky barriers in a
wide temperature range [6].
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Experimental Section

In this study, cleaned and polished p-InP and n-InP
wafers with respectively 4.8 x 10’7 cm™2 and 2.5 x 10'°
em ™3 carrier concentration and (100) orientation were
used. In order to remove undesirable impurities and
surface damage layer, wafers were dipped in 5H2SO4
+ H505+4+ H50 solution for 1.0 min. After HoO +
HCI solution cleaning process, wafers were cleaned in 18
M€ de-ionized water. High purity nitrogen was used in
drying periods. Ohmic contacts were formed by ther-
mal evaporating of Zn-Au alloy on p-InP and n-InP
under 10~ Torr pressure in a vacuum chamber. The
p-InP and n-InP were annealed respectively at 350°C
and 300°C for 3 min in flowing Ny to form low resis-
tance ohmic contacts in a quartz tube furnace. DC
magnetron sputtering technique was used to form 1.5
mm diameter circular platinum dots in the other face
of p-InP and n-InP wafers. Platinum thicknesses were
about less than 30 nm as schematically shown in Fig. 1.
In fabrication process, while diodes were forming, they
were taken under identical conditions to minimize fab-
rication induced differences. In this context, the main
electrical parameters of the diode depending on the
semiconductor type will be examined from 20 K to 400
K. I — V measurements were taken under dark condi-
tions by a Keithley 487 Picoammeter/Voltage Source.
We can see the basic measurement system schmatically
in Fig. 2. Temperature was controlled by a Leybold
Heraeus closed-cycle helium cryostat enables to mea-
sure in the 10-340 K temperature range. A Windaus
MDS850 electronic thermometer was used for reading
temperature. Electronic thermometer sensitivity was
better than 0.1 K.

Natural oxide

]
= Pt (less than 30nm) interface

Zn-Au back contact

Fig. 1 Schematic diagram of layers of Pt/InP/Zn-Au Schot-
tky contact.

Results and discussion

Fabrication technique is one of the basic parameters
for getting better device quality. We used magnetron
sputtering technique in platinum Schottky metal coat-
ing process. Figure 2 shows a basic diagram of a coat-
ing process using magnetron sputtering technique. This
technique permits controlling the thickness distribution
and getting high rate of uniform surfaces. So, we can
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obtain stable contacts. One of the ways of testing con-
tact quality is measuring electrical characteristics.

InP substrate

Platinium atoms

O ¥ left from target

Art ions hit
the target

Platinium target

Fig. 2 Schematic diagram of platinum coating on InP sub-
strate by magnetron sputtering technique.

Electrical performance of metal-semiconductor con-
tacts are affected by operation temperatures and prop-
erties of preferred semiconductor type. Figure 3 dis-
plays current voltage characteristics and basic differ-
ences between the two types of Schottky diodes de-
pending on temperatures from 20 K to 400 K. Temper-
ature stability of various layered electronic structures
containing platinum was emphasized in many studies
[1]. Pt/p-InP Schottky contact had high quality recti-
fying behaviour in all temperature conditions. Reverse
saturation currents were changed from about 1079 A to
107% A. Ellipse 1 (E1) explains reverse current features
of Pt/p-InP Schottky contacts in low temperature re-
gion. Iy minimum currents in negative bias region were
changed from about 107'* A to 10~!'' A in tempera-
ture range of 200-300 K. Reverse currents behaviour of
Pt/p-InP Schottky diode is very extraordinary as seen
in Ellipse (E1). The real reason of this interesting be-
haviour has not been explained in details. But this
fluctuation is mainly attributed to dipole relaxations
or reversed carriers passing from the depletion layer to
electrode region [7]. The p-type contact reverse cur-
rents increase with increasing temperature from just
about 1072 A to 1076 A in respectively from 20 K to
400 K. Pt/p-InP Schottky diode reverse currents have
minimums in zero bias in 300-400 K. High performance
rectifying capacity of Pt/p-InP in all temperatures can
be seen in Fig. 3 explicitly. In all temperatures forward
currents, coming up to approximately 0.5 A, were seen
very rarely in litterature. In forward bias, low tempera-
tures induced coincided current voltage characteristics
in consecutive temperatures. This result can be at-
tributed to very low series resistance (nano and micro
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ohm) approach of Chand and Bala [8]. Such an inter-
secting characteristics have not seen in literature up to
now in such wide and low temperatures experimentally
before. Thus, theoretical approach of Chand and Bala
was experimentally verified by this paper. This issue
will be discussed again in the course of the results of
Norde calculations. In the high temperature region,
p-InP based platinum Schottky diode currents were in-
creased with increasing temperatures. In the low tem-
perature region, very low effective barrier height regions
were dominant.
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Fig. 3 I-V-T characteristics of p and n-type InP based
platinum Schottky contacts.

Reverse currents of Pt/n-InP varies as seen in liter-
ature clasically. Reverse currents of Pt/n-InP increase
with increasing temperature from about 107 A to 102
A in 20 K to 400 K as can be seen in Fig. 3. High per-
formance rectfying capacity of Pt/n-InP in all temper-
atures can be seen in Fig. 3 explicitly similar to Pt/p-
InP. In all temperatures forward currents pass to ap-
proximately 0.5 A values very rarely seen in litterature.
Coincided current-voltage characteristics as seen p-type
contact in low temperature region were attributed to
very low series resistance approach of Chand and Bala
[8]. In forward bias region of Pt/n-InP, Ellipse 2 (E2)
explains that currents were increased with decreasing
temperature after a cross point. This unussual result
obeys series resistance approach suggested by Oswald
and Horwath [9]. They simulated current-voltage char-
acteristics and found temperature independent effects
after a cross point. They also explained the result as:
“The charge carrier scattering in the depletion region
is more effective for the purpose of explanation about
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current flow mechanism for the lower voltages than the
cross-point voltage. Thereby, charge scattering limits
current in the quasi-neutral portion of the semiconduc-
tor in high voltage region”. This simulated interesting
cross point behaviour of Schottky contacts was proved
in this paper by experimentaly current-voltage charac-
teristics of Pt/n-InP.

I —V characteristics were investigated by thermionic
emission (TE) current equation. The TE equation at
forward-bias (V > 3 kT) can be given as:

I=1 [exp <7e (Vn;TIRS))]

where [y is saturation current and it can be defined as:

(1)

(2)

_ * 2 —e®y,
Iy = AA™T exp( T )

where A is diode area, A* is the effective Richard-
son constants are respectively 60 A-cm™2-K~2 and 9.8
A-cm™2. K2 for p-type InP and n-type InP. T is tem-
perature in Kelvin, k£ is Boltzmann constant and e is
electronic charge and ®;, is the zero bias barrier height
(BH). We can write equations for ideality factor and
barrier height as follows:

e dV
" kT d(n) ®)
AA*T?
e®, = kT In ( ) (4)
Iy

Figure 4 shows ideality factors (n) and barrier heights
(®p) depending on given temperatures. Ideality factors
were larger than unity for both diodes in all the tem-
peratures. Ideality factors of Pt/n-InP were smaller
than Pt/p-InP Schottky diode in 20-220 K. The n val-
ues of both diodes were approximately same in 240-
400 K. Similar barier heights were seen in 20-60 K for
both contacts. Barrier height differences between two
diodes were increased with increasing temperature in
range of 80-240 K. After 260 K barrier height difference
was remained approximately firm. Generally, high bar-
rier height explains a high quality contact performance.
High barrier heights of Pt/p-InP/Zn-Au Schottky diode
are mostly attracted attention. Barrier heights were in-
creased with increasing temperature from 20 K to 240 K
as can be seen in Fig. 4. This effect means that inhomo-
geneous barrier height distributions were fastly changed
in the effect of temperature differences for each temper-
ature. Approximately unchanged barrier heights show
us barrier height distribution was not changed signifi-
cantly depending on increasing temperature.
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Fig. 4 Temperature dependent ideality factors and barrier
heights of Pt/p-InP and Pt/n-InP Schottky diodes.

Linear correlation between ideality factors and bar-
rier heights was verified in most of studies. Figure 5
shows linear and nonlinear portions of ideality factor-
barrier height plot. Linear relationship between n and
®;, were seen only 140-400 K and 100-400 K for respec-
tively Pt/p-InP and Pt/n-InP Schottky contacts. Ho-
mogeneous barrier heights of Pt/p-InP and Pt/n-InP
are respectively 0.891 eV and 0.568 eV in given linear
regions. In very low temperatures, nonlinearity is dom-
inant. Nonlinearity behaviour in ideality factor-barrier
height is very interesting. Namely, decreases in ideal-
ity factors were faster than decreases in barrier heights
in the effect of low temperature conditions. So, homo-
geneous barrier height cannot be calculated from linear
relationsip between n and ®,, for very low temperatures.
We can see linearity in BH-n plot in high temperature
ranges for both type of diodes. Linear relationship
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Fig. 5 Ideality factor-barrier hight plots of Pt/p-InP and
Pt/n-InP Schottky diodes.
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between barrier height and n is attributed to inhomo-
geneous interfaces and barrier heights. But we can-
not say the low temperature region has not uniform
interface directly. Perhaps, because of sharp changes in
consecutive slopes of the linear regions, linear regions
can be brought in a curve similar to the parabola in
low temperature regions. This result can be explained
by temperature independent inhomogeneities of barrier
heights. Very low temperature applications of Schottky
diodes are not fully understood due to the experimental
difficulties. Investigations under 80 K are very little to
enhance a large perspective for a deep explanation of
nature of Schottky contacts under this temperature.

Norde proposed a model as follows for series resis-
tance calculations [10]:

F(V)z%—%ln( (5)

where v is an dimensionless integer greater than ideal-
ity factor. I(V) shows current values depending on ap-
plied bias obtained from I —V —T measurement results.
Norde plot is seen in Fig. 6. Rg is series resistance and
calculated from Eq. 6.

)

kT (y —n)
Re = 6
5= 20 (6)
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Fig. 6 Norde plots of Pt/n-InP and Pt/p-InP Schottky
contacts

Series resistances were seen in Table 1. Mclean ex-
plained Norde plot as: function approaches a line with
a gradient of +1/2 if there is only one series resistance
[11]. Therefore, two types of Pt/InP contacts have
unique series resistances at low temperatures in accor-
dance with the approach of Chand and Bala as can be
seen in Fig. 6 [8]. The +1/2 gradient of lines can be
seen clearly in Fig. 6 from about 20 K to 140 K. Norde
curves tend from parabolas to linear plots after a critic
temperature in high temperature range for both types
of contacts as a result of series resistance values. Figure
6 and Table 1 show us relationship between linearity in
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Norde plots and only one series resistance approach of
Norde clearly. For respectively Pt/n-InP and Pt/p-InP
diode 20-100 K and 20-140 K temperature regions were
seen as one series resistance regions. Norde functions
did not have explicit minimums in these regions. This
result is compatible with the overlapping I — V curves
in low temperatures and very low series resistance ap-
proach of Chand and Bala in a perfect way as can be
seen in Fig. 3 [8]. Series resistances of both types of
contacts depending on temperature were seen in Ta-

ble 1.

Table 1 Series Resistances of Pt/p-InP and Pt/n-
InP Schottky diodes

Series Resistances Series Resistances

T (K)
(Rs, Q) Pt/n-InP (Rs, Q) Pt/p-InP
20 only one series resistance  only one series resistance
40 only one series resistance  only one series resistance
60 only one series resistance  only one series resistance
80 only one series resistance  only one series resistance
100 only one series resistance  only one series resistance
120 18.34 only one series resistance
140 21.22 only one series resistance
160 15.77 12.67
180 29.95 15.00
200 20.50 26.84
220 29.68 35.33
240 23.23 42.44
260 22.42 41.14
280 24.53 38.03
300 21.36 19.97
320 12.55 22.33
340 7.27 24.63
360 1.40 26.85
380 0.88 18.41
400 1.14 18.95
Conclusion

We fabricated Pt Schottky diodes based on n and
p-types of InP semiconductor substrates by magnetron
sputtering technique and compared their electrical per-
formance. The stable temperature dependent electrical
characteristics showed both two type of DC magnetron
sputtered contacts showed excellent performance. The
theoritical approaches of Chand and Bala and Oswald
and Horwath were proved experimentally by the char-
acteristics of p-type and n-type InP Schottky contact
characteristics [8,10]. This result is supported by Norde
calculations. Barrier heights and ideality factors graph
show an interesting unexpected nonlinear behaviour in
low temperature region. Pt/n and p-type InP Schot-
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tky diodes demonstrated high rate of electrical response
from 20 K to 400 K.
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