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INVESTIGATION OF POTENTIAL BARRIER HEIGHT
OF SCHOTTKY DIODE Al-TiCu/n-Si

I.M. AFANDIYEVA
Institute for Physics Problems of Baku State University
Az-1148, Baku, Z. Khalilov str., 23

Al-TiCu/n-Si diodes with polycrystalline metallic film obtained by the method of magnetron sputtering and satisfying to demands of
diode theory, have been investigated in temperature interval 298-458K. Diode matrix has 14 diodes the dimensions of which change from
1-10%m? up to 14-10cm?. In spite of current change on several orders at voltage change in range (0,1- 0,5)V, the VAC deflection on
electron emission theory is observed. The barrier height is defined by several methods. The dependence of barrier height on temperature and
diode geometrical sizes has been revealed. The heterogeneity on barrier height is investigated with application of Gaussian distribution. The

values of potential barrier height ®, = 0,59 eV and deflection parameter o, =0,088V have been defined on the base of dependence of

barrier height @ ,, at zero correction.

INTRODUCTION g ( dv
n=— 3
The semiconductor diodes on the base of Schottky barrier kT \dInl )
because of its many advantages [1-3] are used in integrated
circuits last years. Meanwhile, the tracing technology of We obtain VAC of Schottky diodes Al-TiCu/n-Si for all

single crystalline metal ﬁlms is connected with caqying out samples in temperature interval (298-458)K at direct (0, 1-
of many complex operatlons [4]. 'The polycrystalhge metal 0,5)V and reversal (0,1-15)V shift correspondingly (fig.1).

films are characterized by grain small dimension and As a result of carried investigations it is observed the
consequently, by large length of grain boundary because of  yAC deviation from characteristics inherent in “ideal” CMS
which they have the set of physical-mechanical properties [S- ha¢ i3 obviously caused by interface heterogeneity [6]. The
7]. The cheapness apd easy accessibility of technologlgal step dependence Inl-V doesn’t allow us determinating of
process and also interesting electro-physical properties 1 rier height for whole range of applied voltage. The height
caused by metal structure present the interest for formation of ¢ potential barrier and idealness index are defined from

new in§tmments .and.elements of electronic ci.rcuits of low dependence linear part. The dependence of obtained values

dimensions working in narrow range of contributor change .

[7-8]. ® ., and n on temperature and contact geometric sizes has
The goal of present paper is to define the “real” value of been revealed. Temperature dependence of electric

barrier height of Schottky barrier Al-TiCu/n-Si. The diodes  characteristics of many CMS described in [9,12], deviation of

are obtained by methods of alloy magnetron sputtering on  barrier height and idealness index on TEE especially at low

semiconductor substrate (Si(111), p=0,70mcm) [8]. The temperatures show that standard TEE can’t totally explain the

diode matrix has 14 diodes the areas of which vary from 1-10%’ ~ given phenomena [13].

up to 14-10°cm”. In the present paper the investigation results

of diodes Nel, Ne3 u Nel3 are presented.
513

RESULTS AND DISCUSSION e
According to theory of thermal electron emission (TEE), (
the current dependence on voltage for CMS is described by 1p0E-03
expression [1-5, 9-11]:
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where I, is saturation current obtained from obtained from 1,00E-09 ;]*——L_;L__J_ /1
characteristic cutoff In I-V at V=0: R e e
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* 2 qCD bo
I, =AA T exp T 2) Fig.1. VAC of Al-TiCu/n-Si diode (Ne13) at direct shift.

According to Schottky theory in ideal contact metal-

A is diode area, 4" is Richardson constant (264 A cm™? K  semiconductor, the potential barrier height is defined by
for n-Si (111)), ®,,is barrier height at zero shift. The difference of metal work functions of contacting materials [1-
. . CoB : 5]. From papers it is known that metal work function depends
idealness index 7 is defined by expression (1), as: on its nature, structure and surface contamination factor

85



LM. AFANDIYEVA

[7,14]. Moreover, the work function of polycrystalline film
depends on surface coordinate and is expressed by formula:

]
... =5 | P02 Wz @

In such case we can say that CMS barrier height with
polycrystalline metallic film changes from point to point
along whole contact area. The deviations from classic theory
of thermo-electronic emission are investigated by different
authors [3,5,10-13]. In Tung’s article for explanation of
usually observable deviations [15,16], the heterogeneous
interface is considered as system of discrete regions or
“ways” of low barriers introduced in regions of more high
barriers. Song and other authors [17] have introduced the
analytical model of potential fluctuations. Schmitsdorf and
others [18,19] have used Tung theoretical approach and
found the linear correlation between experimental BH value
and idealness index. The BH dependence on idealness index
for Al-TiCu/n-Si diodes obtained by experiment is shown on
fig.2. The extrapolation of dependence to n=1 gives the
height of homogeneous barrier 0.54eV, 0.5368¢V and
0.535eV correspondingly for diodes Nel, Ne3 and Nel3.
However, as it is seen from fig.2 there is no correlation
between obtained values.

Considering the contact as many parallel diodes with
different BH which independently promote to current
transfer, the total current through Schottky diode with
heterogeneity on BH can be expressed in following form [3]:

[T1(@,.r)P(@,)de

where [ (d) b V) current at ¥ shift for SchD, based on ideal

1)

)

TEE and P(®,) (normalized distribution function giving

the accuracy probability for barrier height).

The contact characteristics presenting itself the system of
discrete regions with different barrier heights is obtained on
the base of potential fluctuation model [3,9,17,19] after
average of spatially heterogeneous on interface parameters.
For this usually one can use the general rule of finding of
average value if distribution function of P value on surface is
given, and the supposition that BH is satisfied to normal
distribution law (Gauss distribution): |

1(V) = AA'T? exp| —-L
(V) expl

The supposition on Gauss distribution of BH values leads
to the following expression for barrier height [3,9,19]:

2
q0,

2kT

bo

®)

b

where @, is average barrier height at zero shift, o, is

standard deviation at zero shift.
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where ———— is normalization constant of Gauss
o,N27
distribution of BH. @ ,, is barrier height, o is deviation

parameter. The total current / (V) through Schottky barrier at
V shift is defined by the following expression [3,9,19]:
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Fig.2. Linear dependence of BH on idealness index at different
temperatures (a is Nel, b is Ne3, cis Nel3).
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On the fig.2 BH dependence ®, on ¢/ 2kT at zero shift
is defined by direct line the extrapolation of which has the
following values ®,, (7 =0) and o,,.

The values 5,)0 and o, are equal to 0.59¢V, 0.58eV,

0.599¢V and 0,088V, 0,089V, 0,089V correspondingly. The
barrier height values obtained by Gauss method exceed the
values obtained by other calculation methods. The deviation
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parameter o, testifies on heterogeneous barrier. As it is seen

from carried out investigations it is impossible to define the
barrier height of Al-TiCu/n-Si diode uniquely.

Taking into consideration the polycrystalline structure of
metal film CMS Al-TiCu/n-Si we can conclude that contact

heterogeneity is caused by granular structure of metal film.
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Fig.3. The dependence BH at zero shift @, on g/ 2kT for

SchD AI-TiCu/n-Si according to Gauss distribution (a is
Nel, bis Ne3, cis Nel3).

CONCLUSION

The parameter analysis SchD AI-TiCu/n-Si reveals the
temperature dependence of barrier height and idealness index
that testifies about heterogeneity of interface. The
fluctuations of barrier height in these SchD are explained to
some extent by supposition of BH Gauss distribution.

Obtained by given investigations the BH values @, (T = 0)

and parameter of standard deviation o, change in the

following region (0.58-0,59)eV and (0.088 0,089)V
correspondingly. The parameter dependence on contact
geometric sizes is observed. The parameter fluctuations are
most probably caused by the polycrystalline structure of
metallic film.
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I.M. 9fondiyeva

AL-TiCu/n-Si SOTTKIi DIODU POTENSIiAL BARYERIN HUNDURLUYUNUN TODQIiQi

Magnetron tozlanma iisulu ils alinmis diod nozariyyssinin tolablarini 6dayasn polikristal metal tobagali Al-TiCu/n-Si diodlar1 (298-
458)K temperatur oblastinda tedqiq edilmisdirler. Diod matrisi sahslori 1-10°sm? -14-10°m? intervalinda doyison 14 dioddan ibaratdir.
Gorginlik (0,1 -0,5)V diapazonunda doyisdikds carayanin qiymati bir necs tortib doyismasine baxmayaraq volt-amper xarakteristikalarmin
termoelektron emissiya nazariyyassindsn kenara ¢ixmasi miisahide olunur. Baryerin hiindiirliiyii bir nego metodla hesablanmisdir. Baryer
hiindiirliiyiiniin - temperaturdan vo diodun hondosi 6lgiilorindon asililigr agkar edilmisdir. Baryer hiindiirlilyliniin qeyri-bircinsliyi Hauss

normal paylanmasinin totbiq edilmasilo hesablanmigdir. Potensial baryer hiindiirliiyti @ ,, -nin [/ 2kT -dan asililig1 asasinda potensial

baryerin hiindiirliiyii ( ® o = 0,59eV) vo konaragixma parametri hesablanmigdir o, =0,088V.

HU.M. IdengueBa

HUCCJIEJOBAHME BbICOTBI IOTEHIIMAJILHOTO BAPBEPA
JAOJIA IOTTKH Al-TiCu/n-Si

Huonpt Al-TiCu/n-Si ¢ HONUKPHCTAUTMYECKOW METAJUIMYSCKON IJICHKOM, MONYyYeHHBIE METOJOM MAarHeTPOHHOTO PAacCHbUICHHS MU
YAOBIETBOPSIOMINE TPEOOBAHISM AUOTHON TEOpHH, OBLIHM HMCCIeNOBaHBI B 00nactu Temneparyp 298-458K. [lnoanas marpuna conepxur 14
JMOZIOB, pasMepsl KOTOpbix m3Menstores oT 1x10%cm® 1o 14x10°cm®. HecMoTps Ha WM3MEHEHHE TOKAa HA HECKONBKO TOPSIKOB, IPH
n3MeHeHnHn HampspkeHus B muamasone (0,1- 0,5)B maGmiomaercs oTkioHenne BAX oT Teopum TepMOAIIEKTPOHHOH 3MHCcCHH. Bricora
Oapbepa onpezeneHa HeCKOIBKUMY METOaMH. BEIIBIeHa 3aBHCUMOCTh BBICOTHI Oapbepa M KOd((HUINEHTa OTKIOHEHHUS OT TEMIIEPaTyphl 1
reOMETPHYECKUX pa3MepoB auoaoB. HeoqHOPOOHOCTH 1O BbICOTE Oapbepa HCClICJOBaHA C NPUMEHEHMEM HOPMAJbHOTO pacIpeaesICHUs

laycca. Ha ocHoBe 3aBMCHMOCTH BBICOTHI Oapbepa @ p, TIpM HyJeBOM cMemieHWH OT [/ 2kT ompejeeHBl 3HAYCHUS BBICOTHI

MOTEHIMAIILHOTO Dapbepa 51; , = 0,59 9B u napamerpa orkiounenus o, =0,083B.
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