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Au/p-InP Sotki baryer diodlarin ($BD) diiz istiqgamatda garginlik totbig etmakla carayan-garginlik-temperatur (I-V-T) xarakteristikalari
modifikasiya edilmis Norde metodu ilo 80-400 K temperatur intervalinda ardicil miiqavimatin tesiri ilo toedqiq edilmisdir. Ardicil
miiqavimatin yiiksok olmast I-V naticalorine monfi tesir edir. Modifikasiya edilmis Norde metodu ilo Au/n-InP $BD idealliq faktoru (n),
baryer yiiksokliyi (@g) vo Rg tayin edildi. Temperaturun artmasi ilo @ qiymatlori artarkon, I-V-T giymotlorindon idealliq faktoru ve ardicil
miiqavimotin azaldig1 goriiniir. Ayrica, SULA texnologiyasi sistemi vasitasilo eyni temperatur intervalinda sotki diodlarinda derin-soviyyo
spektroskopiyasi (DLTS) 6lgmolori alindi.

B rtemneparypuom wunTepBane 80-400K MomuduUIHpOBaHHBIM MeTogoM Hopae wuccnenoBaHo BIMSIHUE I10CIIENOBATEIbHBIX
COIIPOTHBJICHUH NPHU NPMIOKEHUH HANPSDKEHUS B IPSIMOM HAIpPaBICHUH TOKa-HanpspkeHus-temnepatypsl (I-V-T) Ha xapaxrepuctuxu
Au/n-InP Hlottku 6Gapwepubix auonoB (SBD). Bricokue 3HaueHMs MOCIEIOBATEIbHBIX CONPOTHBICHHH OTPHLATENBHO BIHSAIOT Ha
pe3ynbTaThl BOJNBT-aMIICPHBIX XapakTepucTHk. B Au/n InP  Gbuin ompenesnens! ¢axkrtop uaeanbHocTH (m) , BbicoTa Oapeepa (Dp) u
nocaenoBaTenbHbIX conpoTuBieHuil (Rg). [Ipu pocre 3Hauenmii (Pg) ¢ MoBBIIEHHEM TeMIepaTypsl B 3aBUcuMocTsIX [-V-T mpomcxomut
yYMEHbIIeHHEe (aKTOpa UICaTbHOCTU U MOCIEA0BATENbHBIX CONPOTHUBICHHH. JlOMOITHATENEHO, C IPUMEHEHHEM TEXHOIOTHIECKONH CHCTEMBI
SULA B TOM k¢ TeMIIepaTypHOM HHTepBajie ObUIM IpoBeneHsl crnekrpockonmdeckue (DLTS) m3mepennu riryOokux ypoBHell B auomax
IHorrkn.

The effect of series resistance (R;) on forward bias current—voltage-temperature (I-V-T) characteristics of Au/n-InP Schottky barrier
diodes (SBDs) have been investigated by modified Norde method in the temperature range of 80-400 K. It is shown that the existence high
R, of diode may cause large errors in I-V characteristics or main electrical parameters of diode. Therefore, this a modified method is
proposed which estimates correctly the ideality factor (n), barrier height (®g) and Rs of the Au/n-InP SBDs. Evaluation of the I-V-T data
reveals an increase of ®dp but decrease of n and Rs with increase in temperature. In addition, deep-level transient spectroscopy (DLTS)
measurements were made using a SULA Technologies compact system in the same temperature range.

1. INTRODUCTION
InP devices were found to show properties

According to termionic emission (TE) theory, the value
of n is expected to be close to unity. However, the obtained

extensively similar with GaAs as optical [1] and microwave
sources [2] due to resemblances in band structure. Also, its
lower surface recombination velocity, lower compensation in
epi layers and bulk crystals are other important advantages.
Recently InP and its alloys have received great attention due
to to applications in metal-semiconductor (MS), metal-
insulator-semiconductor (MIS), metal-insulator-
semiconductor field effect transistor (MISFET) devices, light
emitting diodes (LEDs) and solar cells [1-5]. The band gap of
Si at 1.12 eV and its indirect band gap nature, however,
results in solar cells with low conversion efficiency. On the
contrary, InP and GaAs 1.35 eV and 1.42 eV, respectively,
with a direct band gap of are known as ideal materials for
high efficiency solar cells. Only at room temperature, the
forward bias I-V characteristics of SBDs can not give us
detail information about the current-conduction/transport
mechanisms. However, the forward bias I-V characteristics at
wide temperature range allow us to understand different
aspects of current-conductions mechanism.
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value of n and R, are greater than unity especially at low
temperatures and this behavior of n can be attributed to the
existence of interfacial insulator layer at M/S interface,
particular distribution of interface states at semiconductor
band-gap and the image force lowering of the barrier [6-10].
In this study, the forward bias I-V characteristics of the Au/n-
InP SBDs have been investigated in the temperature range of
80-400 K. The experimental analysis of the forward bias /-V
data reveals of an increase of [Iz but decrease of n and Rs
with increase in temperature. In addition, DLTS
measurements were made using a Sula Technologies compact
system in the same temperature range.

2. EXPERIMENTAL DETAILS

In this study, Si doped n-type InP having thickness of
7000 A was grown on n-InP(100) substrate using the VG80H
solid source molecular beam epitaxy (MBE) system. Before
contact process, the n-InP wafer was dipped in 5
H,SO,+H,0,+ H,0 (1:1:300) solution for 1.0 min to remove
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surface damage layer and undesirable impurities and then in
H,0+HCI solution

and then followed by a rinse in de-ionized water with a
resistivity of 18 M[][].cm. The wafer dried with high purity
nitrogen (N,) and inserted into the vacuum chamber
immediately after the etching process then high purity gold
(Au) metal (99.999%) with a thickness of 1020 A was
thermally evaporated from the tungsten filament onto the
whole back surface of the wafer in the pressure of ~.
107 Torr. The ohmic contact was formed by sintering the
evaporated Au contact at 400 °C for 90 min in flowing dry
nitrogen ambient at a rate of -~.2 I/min. After finishing this
process, temperature was reduced to 300 °C and sample was
annealed during 10 minutes. Then the sample was cooled to
room temperature. To make Schottky contact on epilayer
section, circular dot shaped Au Schottky contacts with a
thickness of 1000 A were formed by evaporating Au in the
pressure of ~.107 Torr. After this process Au/n-InP SBDs
have been fabricated. Then the sample was removed from
system and was soldered with silver pleat and then Schottky
contacts were connected with conductor fiber by assistance of
silver pleat. After fabricated of the Au/n-InP SBD, The
current-voltage (I-V) characteristics have been measured in
the temperature range of 80-400 K by using a Keithley 2400
Sourcemeter in the Janes VPF-475 cryostat. The sample
temperature was controlled a Lake Shore model 321 auto-
tuning temperature controllers with sensitivity better than
+0.1 K. For DLTS measurements Sula Technology compact
system have been used in the 77-320K temperature range for

chosen four rate windows. It is possible to detect low
temperature defect (that is located about 77K) using liquid
nitrogen during the DLTS measurement.

3. RESULTS AND DISCUSSIONS

When a Au/n-InP Schottky barrier diode (SBD) with
series resistance (R;) is considered, the current through the
junction can be given by the thermionic emission (TE) theory
for the relationship between the forward bias voltage
(V=3kT/q) and the current (I) of SBD and can be expressed
as [11]:

I=1, exp(wj - exp(Mj (1)

nkT kT

where q is the electronic charge, V is the applied voltage
across the diode, k is the Boltzmann constant, T is the
absolute temperature in K, R; is the series resistance of diode,
IR, term is the voltage drop across the Ry, n is the ideality
factor and I, is the reverse saturation current derived from the
linear region of the intercept of Lnl-V at zero bias and can be
expressed as

* 2 q9Pp,
Ig_AA T exp| ——— 2)

kT

where A is the rectifier contact area of the diode, A" is the
effective Richardson constant (n-type InP) [12] and ®g is the
zero-bias barrier height of the diode. The value of n is
calculated from the slope of the linear region of the forward

bias Lnl-V plot for each temperature and can be written as
from Eq.(1)

q av
n=—"1 3)
kT \ d In(1)

However, this standard approach is difficult to apply if the
value of R is large. Because, the linear region of Lnl-I plot
may be small and difficulties will arise due to the voltage
drop across the R;. There are a lot of methods to determine of
R; in the literature [13-18]. Among them Norde [13] has
proposed a new method which is considered as a particular
case, with n=1, Sato and Yasumura [16] has modified the
Norde function for 1<n<2 case and then Bohlin [18] has
proposed a new approach as fallowing:

Fr)=L- 1
4 ﬁ(ln([/AA*szJ @

where f=q/kT and v is an arbitrary constant greater than n. In
this case, the value of R and g can be obtained from at the
minimum point of F(V,) as:

and

V.

Fig.1. shows of F(V) vs V plots for Au/n-InP SBD (a) at low
and (b) high temperature, respectively. As can be seen in
Fig.1, the F(V) vs V plots show a minimum F(V,,) for each
temperature. The obtained @y and Ry values from Eq(5) are
given in Table 1 and Fig.2. It is clear that both the values of n
and @y are strong functions of temperature. As shown Fig.2,
the value of ®g increase but Ry decreases with increase in
temperature. Such temperature dependence of (I is an
obvious disagreement with reported negative temperature
coefficient of InP band gap or BH of diode. At higher
temperatures, n is closer to the ideal case (n=1), while at
lower temperatures, n increases with decreasing temperature
and shows a temperature dependence, which may be
described as the “T, effect or anomaly.” Such temperature
dependence of n and ®p could be attributed to the
inhomogeneities in the SBH [19]. When the temperature is
lowered, the current is dominated by fewer low-Schottky-
SBH regions with lower effective SBHs and larger ideality
factors [20].
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Fig. 1. Experimental plots of F(V) vs. V for Au/n-InP SBD (a) at low
temperature and (b) at high temperature.
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Fig.2. The value of ®p and Rs vs T for Au/n-InP SBD.

Fig.3. shows the DLTS spectra of Au/n-InP SBDs. As shown
Fig.3. (a), two trap levels with 0.17 eV and 0.70 eV
activation energies with 3.1.1014 ¢m-3 and 1.4.1014 cm-3
trap concentration have been detected form DLTS scans,
respectively. For DLTS measurements four rate windows (5,
2,1, 0.5 ms) were chosen and reverse bias, forward bias were
applied as -1 V and 0.5 V, respectively in the 77-320 K
temperature range. Activation energy(Ea) lower than 0.2 eV
has been calculated. Low activation energy can be attributed
to phosphorous vacancies [21] or indium vacancies [22]. This
trap can also be attributed to interface On the temperature
dependent anomalous peak and negative capacitance in Au/n-
InP Schottky barrier diodes 59 defects due to phosphorous
vacancies occupied by oxygen after surface treatment of InP
[23,24].With regard to the 0.70 eV midgap defect level, its

assignment to a phosphorus antisite related defect [25], this
defect should be located at the middle of the InP gap[26].
Also experimental studies have reported a midgap defect
level related to a phosphorus antisite in InP [27].
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Fig.3. (a) DLTS spectra obtained in Au/n-InP SBDs,
(b) Arrehenius plot for Au/n-InP SBDs obtained from DLTS
spectra

Tablel.
Temperature dependent values of various parameters determine
from forward bias I-V characteristics of the Au/n-InP SBD

Vi F(Vn)

TK o\ Tn) " n R(Q ®s(eV)
80 032 I8IE-04 013 790 11836 0,139
120 040 106E-04 022 7,50 108,00 0,223
160 039 123E-04 029 553 99,00 0,294
200 037 1,57E-04 035 470 88,13 0,359
240 035 2,13E-04 042 400 79,00 0432
280 032 3,05E-04 048 3,69 64,09 0490
300 0,30 2,78E-04 051 351 4558 0,517
320 027 2,53E-04 055 323 4042 0,555
340 023 181E-04 059 299 3396 0,593
360 020 1,72E-04 0,63 290 1807 0,631
380 0,15 1,33E-04 0,67 288 900 0,670
400 0,07 733E-05 0,70 274 471 0,700
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4. CONCLUSIONS

In this study, the effect of the series resistance (R;) on I-
V characteristics of Au/n-InP SBDs have been investigated as
a function of temperature. Experimental measurements and
analyses of data show that both the [z and R, were quite
sensitive to temperature. Experimental results show that the
existence high R; may cause large errors in [-V data.
Therefore, this a modified method is propsed which estimates
correctly the ideality factor, @ and Ry of the Au/n-InP
SBDs. Evaluation of the I-V-T data reveals an increase of @y
but decrease of n and Rs with increase in temperature. Such
temperature dependence of ®@g is an obvious disagreement
with reported negative temperature coefficient of InP band
gap or BH of diode. At higher temperatures, n is closer to the

ideal case (n=1), while at lower temperatures, n increases
with decreasing temperature and shows a temperature
dependence, which may be described as the “T, effect or
anomaly.” Such temperature dependence of n and @y could
be attributed to the inhomogeneities in the SBH. From DLTS
results two peak have been observed in the 77-320 K
temperature range. Low activation energy trap can be related
to phosphorous vacancies or indium vacancies and a midgap
defect is attributed to a phosphorus antisite related defect.
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