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INFLUENCE OF THE ADDITIONAL ELECTRICAL FIELD
ON I-V CHARACTERISTIC OF REAL SCHOTTKY DIODES

R.K. MAMEDOV
Baku State University
Baku 370148, street. Z. Khalilov 23

The real Schottky diodes are usually exposed to an additional electrical field arising in near contact region of the semiconductor, because
of an emission non-uniformity of the interface. It is established, that under influence of the additional electrical field, the non-ideality factor
of the forward branch of their volt-ampere characteristic increases, its reverse branch is not saturated and strong raise occurs of the reverse
current at low voltages, i.e. a premature breakdown of the transition takes place.

INTRODUCTION

In spite of intensive research of physical characteristics of
real Schottky diodes (RSD), the analysis of influence of an
additional electrical field on current transportation property
has not received the due reflection in the literature. Such
additional electrical field arises because of an emissive
inhomogeneity of the interface and exists in the near contact
region of the semiconductor almost of all kinds RSD. Research of
influence of an additional electrical field on a voltage-current
characteristic of RSD causes doubtless interest because of the
high scientific and practical significance of RSD.

MAIN THEORETICAL THESES

A potential barrier height of RSD, having even an ideal
homogeneous interface, because of limitation of the contact
area, does not remain identical on all contact surface. Really,
on an interface of real Schottky diodes, made on the basis of a
close contact of the metal (with the work of exit &) and the
semiconductor (with the work of exit ¢s), a potential barrier
arises with the height ¢ equal to the contact potential
difference between contact surfaces of the metal and the
semiconductor (i.e., ®z=&y-Ps). The contact surface of RSD
is limited by free surfaces of the metal and the semiconductor.
As a result a contact potential differences of values (®y-®5)
and (@s-Pg) arises [1-3] between a contact surfaces with &3
and free metal surfaces with &, and the semiconductor surface
with ¢;. The electrical field of the potential @5 is main and it
concentrates in all the near contact region of the semiconductor. At
the same time, the additional electrical field of contact
potential differences (@y-®3) and (Ps-Pz) concentrates in the
peripheral contact region of the semiconductor RSD. As the
work of exit of a metal and semiconductor is about 4-5eV
[1,4] and a potential barrier height of RSD is of the order of
leV [5], then the strength of an additional electrical field
becomes commensurate with the strength of the main electrical field
in the near contact region of the semiconductor. Therefore, a
potential barrier on the peripheral contact surface and on
inner contact surfaces of RSD has different heights.

However, RSD owing to a series of such causes as a
polycrystalline structure of the metal, unevenness of solid-
state interaction, congestion of stranger atoms and molecules
etc., which in practice are always inherent to an inhomogeneous
interface and their potential barrier has a different height
along a contact surface [6,7,8]. Then RSD is represented as
combination of the two parallel separate microcontacts with

different local barrier heights. Such notion of RSD at first
seems nonconvincing. Indeed, because of a inhomogeneity of
the interface, the difference of potential barrier heights of
microcontacts can reach up to leV, and the potential barrier
of RSD has the same height. Therefore, the real contacts
metal and semiconductor, consisting of two parallel separate
microcontacts with different local barrier heights, would not
have normal rectifying properties. Actually, RSD are
produced without the special difficulty with satisfactory
qualities and they are widely used in different electronic
devices. However, some important problems of physics of
RSD still remain open [5]. This contradiction is eliminated at
account of the fact, that on the interface of RSD
microcontacts with different local barrier heights and linear
dimensions of the order of sizes of the crystalline grains of
the metal, are in the direct electrical contact and interacting
between themselves create an additional electrical field in the
near contact region of the semiconductor. As a result, the
barrier height along the contact surface smoothes and RSD is
characterized by an average height of the potential barrier.

Independently of a degree of complexity of a contact area
configuration and distribution of microcontacts with different
local potential barrier heights along a contact surface, RSD is
represented as combination of two interacting sites with
different local barrier heights. The potential barrier heights of
the first and second sites becomes, accordingly, lower and
higher than the average potential barrier height on all contact
surface of RSD. The dependence of the potential barrier height of
the first site of RSD on the voltage is determined by the
anomalous Schottky effect, and the second site of RSD by the
normal Schottky effect.

Let's designate the average potential barrier height of the
first site of RSD through ¢;, and its increment under
influence of the second site through 4d,;, and the average
potential barrier height of the second site of RSD through &;;
and its decrease under influence of the first site through 4¢,,.

At application of an external voltage to RSD, according to
anomalous Schottky effect, the dependence of the increment
of the potential barrier height of the first site 4®5; on the
voltage U in the first approximation is expressed by the
formula:

A<D31=Ad>01i,3qU 1
where the dimensionless factor §< 1.

The dependence of a decrease of the barrier height Ad;,
on the voltage U for the second site of RSD, according to
normal Schottky effect, is determined by the known formula:



INFLUENCE OF THE ADDITIONAL ELECTRICAL FIELD ON I-V CHARACTERISTIC OF REAL SCHOTTKY DIODES

AD,, = q[(q?ND/87r2833XUD -U —-‘kT/q)]% )

Here all notations are generally accepted [4]

At the application of the forward voltage to RSD with the
contact area S, made of a n-type semiconductor, in a near
contact region of semiconductor interfaces an external field

and an additional field are parallel for the first site and are |

antiparallel for the second site. Barrier heights of both sites of
RSD decrease on the value gU with growth of the voltage for
electrons proceeding from the semiconductor to the metal. If
contact areas of the first and second site of RSD are equal,
accordingly, to g;S and g,S (where g;+g,=1), then according to
the thermionic emission theory [5], the forward branch of the
volt-ampere characteristic of RSD is expressed by the
formula:

Ip=g In+ gilp, =SAT? {glexp[_(®31 +49D,, +ﬂqU)/kT]+gzeXp[~(®sz -4, )/k T]}[exp(qU/kT)—l}z

~ S, AT’ expl-@,, /kT)exp(qU/n kT)

where index 1 and 2 demonstrate corresponding parameters
for the first and second site of RSD.

At the application of a reverse voltage to RSD, in the near
contact region of the semiconductor interfaces an external
field and an additional field are antiparallel for the first site
and parallel for the second site. When the additional electrical
field penetrates into the semiconductor on the depth 1, larger
than the width of a depletion layer of the semiconductor d,
then redistribution of free carriers of charges occurs outside
of d. Exactly this redistribution of free charges carriers causes
the formation of the part Adg; ' of the increment Adg; of the
first site. With growth of the voltage U=U up to the definite |

©)]

|
criffcal value Uex (where qUe <A4®; ' and qUqr=Adz; '), the

value @5’ is partially compensated. At O<UqsU. the reverse
current does not flow through the first site of RSD and 4®;;,
decreases on the value fqU , and Ay, increases. Such
current transportation property was observed experimentally
both at research of a contact surface of RSD with the help of
a scanning electron microscope [9,10], and at research of a
reverse branch of volt-ampere characteristic of RSD [11].
According to the thermionic emission theory , the reverse

branch of volt-ampere characteristic of RSD at the account of
a bove mentioned facts is described by the formula:

Iz = glIzzl'*?gzIm:SATz{gl eXp[_(d)Bl +A4D,, --‘,BqU)/kT] ' [eXp(_q(U—Uc)/kT)‘l] +
+ 49, exp[— ((DBZ —A(DBz)/kT] . [exp(qU/kT)—l]} ~ S AT? exp(— CDBE/kT) exp(qU/anT)

@

where U,=0 at the forward direction and U¢¥USUCR at the
reverse direction. C

When the additional electrical field penetrates into the
semiconductor on the depth 1<d, then the critical voltage will
be U=0(U.=0) and both the forward and the reverse
currents begin to flow through the first site of RSD at once
with growth of the voltage (beginning from zero).

RESULTS OF CALCULATION

For a quantitative estimation of influence of the additional
electrical field on volt-ampere characteristic of RSD, their
forward and reverse branches were constructed according to
formulas (1) - (4). Thus following reasonable values of electro-
physical parameters of RSD were used:

O+ AP, =0. 60eV; Ppo=APpp=0.65eV; =0.02; Up=0.5V;
Ur=2V; A=120Acm™K? T=300K, kT=0.026eV,
Np=5.5-10"cm™; £s=10.6-107K1.Viem™;, Ug=100V
S=10"em?; gy=1-g;; gi=1; 0.5 107% 107% 1073
10™% 10°% 0; Up=0-0.3V; Ug=0-100V.

In fig. 1 forward volt-ampere characteristics of RSD are
shown at different values g; and g, calculated on the
formulas (3) taking into account formulas (1) and (2). It is
seen, that the current of the general contact at g;=1 and g,=0
consists only of the current of the first site of RSD with the
effective barrier height ¢5;=0.60eV and non-ideality factor
n7~1.02, and at g;=0 and g,=1 consists only of the current of
the second site of RSD with ¢,5=0.65¢V and n/~1.01. At

cllecrease of g; from 1 up to 107 the contribution of the
current of the first site of RSD to the current of the general
contact decreases. Therefore the effective barrier height of the
general contact of RSD increases up to the value 0.65eV and
the non-igsality factor decreases up to the value n~1.01.
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Fig.1. Forward [-V characteristics of real Schottky diodes at



R.K. MAMEDOV

g2=1—g1,where gi: 1)-1;2)-0.5;3)-10"; 4) -10%
5)-107; 6) -10%; 7) -10% 8)-0.
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Fig.2. Reverse I-V characteristics of real Schottky diodes at U.~0
and gz=1-g;, where g;: 1)- 1;2) - 0.5; 3) -10™'; 4) -10'%,
5)-102; 6) -10%; 7)-10%; 8)- 0.

At further decrease of g, i.e. at 0<g;<107, the contribution
of the current of the first site to the current of the general
contact of RSD is not essential. It is necessary to mark, that at
[=0.1 the factor n increases and becomes equals 1.11.

In fig.2 reverse branches of the volt-ampere characteristic
of RSD are constructed on the formula (4) at U=0 and
different values g; and g,. At g; =1 and g, = 0 the current of
the general contact consists only of the current of the first site
of RSD with the effective barrier height ®5;=0.60eV and area
Sgr=S. The dependence of the reverse current on the voltage
at U20.1V has the exponential nature and is determined by the
formula:

Ir=SprAT?exp (-®pe/kT) exp (qU/ngkT) (5)

Here the dimensionless factor np becomes equal to
ng=ng/ (np-1)=>51. At the voltage U=10V the barrier height
of RSD decreases on fqU=0.2eV and the reverse current
raises on four order of magnitude. At g; =0 and g, = 1 the
current of the general contact consists only of the current of
the second site of RSD with the effective barrier height
®5:=0.65¢V and its dependence on the voltage expresses by
the formula:

I, = SEFATzexp(—d7BE/kT) exp{q[(q3ND/8ﬂ2é‘s3 )(UD +U—kT/q)]% /kT} (6)

It is seen from the figure that at g, =1 the current I,
increases nonconsiderably with growth of the voltage.

At g;<1, g;>0 reverse branches of the volt-ampere
characteristic of RSD express by the sum Irx=g;Iz;+g>Ix..
At g;20.01 volt-ampere characteristics of the general contact
are completely determined by the current of the first site of
RSD. With decrease of gj, i.e. at g;<0.01, the weak growth
of the back current of the general contact takes place at initial
values of the voltage. Even at g;=10"® it is watched only up to
U=25V.

In fig.3 the reverse branches of the volt-ampere characteristics
of RSD are constructed on the formula (4) at U=0 and
different values g; and g,. At g; =1 and g,= 0 with increase
of the voltage U=U. up to the value U=U-=2V, the reverse
current does not flow through RSD. At U>2V the current starts to
flow through contact which increases exponentially with the
voltage growth according to the formula:

I, = S, AT exp[~(®,,~pqu)/kT] -
- [expla(U-vc ) kT)-1]

At g;=0 and g;=1, the volt-ampere characteristic expresses by
the formula (6). At g;<1 and g0 currents of the general
contact consist of the sum of currents of two sites of RSD.

As it is seen from fig. 2 and fig. 3, the sharp growth of the
reverse current of RSD reminds the process of the electric
breakdown of the transition, whose theoretical value is 100V.
A breakdown voltage of RSD is usually determined as the
voltage, at which the reverse current starts strongly to increase.

Q)

" Whereas it is seen from fig. 2, that at g,;=10

the increase of
the reverse current becomes noticeable at 7,=0.001 A and the
reverse voltage has the value U=6V much smaller, than the
breakdown voltage 100V. Notwithstanding that, at g;<10? the
current of the first site of RSD has not an effect in the current of the
general contact in the forward direction, it becomes essential
in backwards.
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Fig.3. Reverse I-V characteristics of real Schottky diodes at
U0 and g-=1-g;, where g;: 1)-1; 2)-0.5;3)-10"";
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4)-10% 5)-10%; 6) -10™% 7)-10%; 8)-0.

Thus at g;=10" the early breakdown is watched at U=12V,

and at .g;=10" the voltage of the premature is only =25V,
Only at ;=0 and g,=1 a breakdown of the RSD takes place
at the voltage U=100V.

CONCLUTIONS

In summary it is possible to say, that under influence of

the additional electrical field the non-ideality factor of the
forward branch of their volt-ampere characteristics of RSD
increases, its reverse branch is not saturated and at low
voltages the strong growth of the reverse current occurs, i.c.
there is a premature breakdown of RSD.
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R.Q. Mammodov

REAL SOTTKi DIODLARININ VAX-na OLAVO ELEKTRIK SAHSSININ ToSiRi

Real Sottki diodlari, adeten, yarimkegiricinin kontaktalt1 hissesinde kontakt sathinin emissiya geyri-bircinsliyi hesabina yaranan
elave elektrik sahesinin tesirine moruz qalir. Agkar edilmisdir ki, slave elektrik sahosinin tesiri ile VAX-in qeyri-idealliq smsali artir,
oks istiqamatda coroyanin doyma hali bas vermir ve gerginliyin kigik qiymetlerinde oks cersyan siiretle artir, yeni kegidde

vaxtindan avval elektrik desilmasi bag verir.

P.K. Mamenon

BJIMAHUE XONMOJTHHUTEJIBHOT O VIEKTPUYECKOI'O ITOJIA
HA BAX PEAJIBHBIX JUOJOB [LIOTTKH

Peanerpie auoast Iotrky 06b4HO TOABEPraloTCA BO3ACHCTBHIO AOMIONHHTENBHOTO SNEKTPHIECKOTO NOMSA, BO3HUKAIOLIErD B PUKOH-
TaKTHOH 067ACTH NOAYNPOBOJAHMKA M3-33 SMHCCHOHHON HEOXHOPOIHOCTH IDAHHMLBI pasfena. YCTaHOBCHO, HTO [0 BJAMAHUEM JOMONHU-
TEBHOTO INIEKTPUUECKOTO MO K0IHUUHEHT HEnaeanbHOCTH NpsMoli BeTBr ux BAX yBenuuusaercs, ee o6parHas BETBb HE HACHILIACTCS
H TP HU3KHX HANPSDXEHUAX MIPOHCXOAUT CHIIbHOE BO3pacTaHue 06paTHOro ToKa, T.€. MPOHCXOAUT NpPekKACBPEeMEHHBIN Npo6oii nepexona.
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