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Al/SiOp-Si  Sotki diodlarinin baryer hiindiirliiklorinin (%) temperatur asililigi 295-440K intervalinda todqiq edilmisdir. Alinmig
naticalor gosterir ki, temperatur artdiqca idealliq amsali (n) azalir va sifirnct mailin baryer hiindirlilyii (¢BO) artir. Nazori olaraq

¢B0 =1,18 eV vo 0 =0,139 on bdyiik qiymotlorindo Qaus paylanmasindan istifado edorok bu qrafikdon baryer hiindiirliyiiniin orta

2
giymatinds vo sifirinci mailds standart donmo ii¢iin alinmigdir. Beloliklo , modifikasiyalagdirilmig In ([ / 2) -q*So™2 (kT) q/kT-don
T

asililiq grafiki uygun olaraq (¢BO) vo AY iigiin 1,82 eV vo 33,27 Aem’K? verir. Bu AV (33726 %mz K 2) qiymat p-tipli Si li¢lin nozori

almmis 32 A/em’K? qiymotine yaxindir.

IIpoBeneHsl WccinenoOBaHHUS TEMIIEPAaTYpPHOH 3aBUCHMMOCTH BBICOTHI Oaphepa (Pp) Al/SiO,/p-Si muomor IlloTkum B TemmepaTypHOM
nnrepBaie 295-400K. DxcriepuMeHTaIbHBIE PE3YIIBTATHI II0KA3alH, YTO C YBEJIIMUYCHHEM TEMIIepaTyphl YMEHbIIAaeTcss KOIQGUIMEHT Ueanb-
HOCTH (n) W YBEIUYMBACTCS BBICOTAa Oapbepa HyleBOoro HakioHa (@Pg,). Teopermdecku c MCIOIb30BaHHEM pacrpenenenus [aycca mpu
HanGonbiem 3uadennn Op, =1.18 eV u c,= 0.139 6bun MOJyYeHBl M3 3TOTO TpaduKa M IS CPEeIHEro 3Ha4eHHUs BHICOTHI Oapbepa U
CTaHJAPTHOTO OTKJIOHCHHS HA HYJICBOM YKJIOHE COOTBETCTBEHHO. TakuM 00pa3oM, MOAU(PHINPOBAHHBIN Tpaduk ln(Io/Tz)—q2 02/2(1<T)2 oT
/KT maer @y u A" 1.182 eV u 33.27 A/em’K?> cooTBeTcTBEHHO H 5T0 3HaueHue A (33.26 A/em’K? ) oueHb GIH30K K TEOPETHIECKOMY
3nauenmio 32 A/em’K? st Si p-Tuma.

The temperature and bias dependence of the barrier height (®g) of Al/SiO,/p-Si Schottky diodes (SDs) have been investigated in the
temperature range of 295-400K. Experimental results show that a decrease of the ideality factor (n) and increase of the zero-bias barrier
height (@g,) with the increase of temperature. We attempted to draw a @, vs q/2kT plot to obtain evidence of a Gaussian distribution of the
BHs , and the values of ®g, = 1.18 ¢V and o,= 0.139 V for the mean barrier height and standard deviation at zero bias, respectively, have
been obtained from this plot. Thus, a modified In(Iy/T?)-q%c,/2(kT)* vs q/kT plot gives @, and A" as 1.182 eV and 33.27 A/em’K?,
respectively and this value of the A* (33.26 A/cm’K?) is very close to the theoretical value of 32 A/em®K? for p-type Si.

1. INTRODUCTION: thermally evaporated by means of a tungsten filament onto
Due the technical importance of the metal-semiconductor  the whole back side of Si and at 600 °C for 60 minutes in
(MS) and metal-insulator-semiconductor (MIS) Schottky  flowing dry nitrogen (N,) ambient at a rate of 2 liter/min.
diodes, they have been thoroughly investigated [1-7] for a  After the thermal treatment Al circular dots having area of
long time. However, their conduction mechanisms are not  about 0.02 cm” and 2500 A thick aluminum rectifying con-
fully understood yet. The presence of the interfacial insulator ~ tacts were deposited at a rate of about 4 A/s onto the SiO,
layer and interface states strongly influence the electrical surface of the wafer through a metal shadow mask in liquid
characteristics of a MIS device. There are several reasons, nitrogen trapped oil-free vacuum system in the pressure of
which cause the device to deviate from the ideal behavior, 2x10° Torr. The I-V-T measurements were performed by the
and must be taken into account. These include the effects of  use of a Keithley 220 programmable constant current source
interfacial insulator layer, interface states and carrier trans-  together with a Keithley 614 electrometer in a Janes vpf-475
port mechanism. In this study, temperature dependent |-V  cryostat.
characteristics of Al/SiO,/p-Si Schottky diodes with
interfacial insulator layer in the temperature range 295-400 K 3. RESULTS AND DISCUSSION

are reported. The aim of this study is to investigate When MIS contact with Ry is considered, the relation I-V,
temperature dependence of @ and it’s Gaussian distribution. ~ can be written as [1,2].
-IR - -IR
2. EXPERIMENTAL PROCEDURE I =1, exp[%}{l—exp{%ﬂ (1)
The AUSIOy/p-Si Schottky diodes were fabricated on B nkT T

doped single Si crystal wafer having thickness of 350 pum . . .
with ~1 Q-cm resistivity. For the fabrication process, Si ~ Where I, is the reverse saturation current and is equal to
wafer was decreased in different organic solvents and finally 2 qd

. .. | = AA*T Bo
quenched in de-ionized water. The Al back contact was o~ exp| - KT
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where the quantities R, A, A*, T, q, k and @, are well
known parameters of diode[2]. The values of n and @y are
calculated from the egs. (1) and (2), respectively, and given
in Table 1.

Tablel
Temperature dependent some diode parameters obtained
from forward bias I-V data.

T (K) lo(A) n nT (K) Dp(eV)
295 7,50E-09 1,81 534 0,801
310 1,20E-08 1,74 539 0,832
320 3,99E-08 1,72 550 0,827
330 5,79E-08 1,68 554 0,844
340 1,09E-07 1,66 564 0,853
350 1,95E-07 1,64 574 0,862
375 8,30E-07 1,62 608 0,881
400 2,58E-06 1,58 632 0,905

As shown in Table 1, the values of ®p, and n ranged
from 0.801 eV and 1.81 (at 295 K ) to 0.905 eV and 1.58 (at
400 K), respectively. This high value of n has been attributed
to particular distribution of N and the presence of a thick
interfacial oxide layer [1-4]. These behaviors show an
unusual behavior that it increases with the increase of
temperature. Such temperature dependence is an obvious
disagreement with the reported in ideal diodes.
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Fig. 1. The ®g, and ((n'-1)) versus q/2kT plot for Al/SiO,/p-
Si Schottky diode.
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A conventional activation energy In(I/T*) versus 1/T plot
gives a straight line( not here). However, the A* value was
found as 3.3x10” Acm™K™. This value is 9697 times lower
than the known value of 32 Acm™ K™ for holes in p-type Si.
This deviation may be due to the spatial inhomogeneous
barrier height and potential fluctuations at the interface. As
was explained by Horvath [8] the A” value obtained from the

temperature dependence of the I-V characteristics may be
affected by the lateral inhomogenity of the barrier. The above
abnormal behaviours can be explained using an analytically
potential ~ fluctuation = model based on  spatially
inhomogeneous barrier heights at the interface [6-10].

We draw a ®g, vs q/2kT and (n'-1) vs q/2kT plots to
obtain evidence of a Gaussian distribution of the BHs and
they given in Fig 1. The values of ®p, = 1.18 eV and c,=
0.139 V for the mean barrier height and standard deviation at
zero bias, respectively, according fallows eqs.:

— C|O'2 [I_I\J: _qﬁ
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where p, and p; are voltage coefficients which may depend
on temperature and the values of p,=-0.147 V and p; =-0.015
V, respectively. Thus, a modified In(Iy/T%)-q°c,*/2(kT)* vs
g/kT plot gives ®g, and A" as 1.182 eV and 33.27 A/em’K>,
respectively and this value of the A* (33.26 Acm™K™) is very
close to the theoretical value of 32 A/cm’K? for p-type Si.

4. CONCLUSION

The I-V characteristics of Al/SiO,/p-Si Schottky diode
have been measured in the temperature range of 295-400 K.
The data ( I-V) analysis based on the Thermionic Emission
(TE) theory has revealed the zero-bias barrier height ®g,
decrease, the ideality factor n increases as the temperature
decreases, respectively.These behaviors are attributed to
Schottky barrier inhomogeneties by assuming a Gaussian
distribution of barrier heights (BHs) due to barrier height
inhomogeneties that prevails at interface. The ®@g, vs q/2kT
plot, and the values of ®p,=1.18 eV and ¢,=0.139 V for the
mean barrier height and standard deviation at zero bias,
respectively. Thus, a modified In(I,/T*)-q*6,/2(kT)* vs q/kT
plot gives @y, and A" as 1.182 eV and 33.27 A/em’K?
respectively and this value of the A* (33.27 Acm™K™?) is very
close to the theoretical value of 32 A/em’K” for p-type Si.
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