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Abstract

Simple analytical model for metal - semiconductor non-ohmic (Schottky) contact
using thermionic emission theory is described. This model is applied to alloy
metal - n-SiC substrate contact. The ratio of areas, occupied by different metals
at the surface interface will directly determine the effective barrier height of the
Schottky contact. Already very weak presentage of the metal with lower barrier
height in alloy, drastically decreases the effective barrier height at the interface.
The anisotropy of the material has practically zero influence on barrier height.
However, the current flow through the contact strongly depends on crystal
direction and on the ratio of areas, occupied by different metals at the surface
Under certain circumstances this may occour the failure of the contact.

1 Introduction

Metallizations will not only be current carriers, but play an active role in
determining semiconductor device properties, as in case of the gate electrode or
Schottky barrier diode. To minimize interconnection resistance, to save valuable
surface area or to avoid the migration of the contact material by higher current
densities (e.g. for pure Al contacts to Si substrate the DC current density must
not exceed 10̂  A/cnf), multilevel (alloy) metallization schemes have been
proposed. In practice it means that the metallization is used for influencing the
potential barrier height [1].

The current transport in metal-semiconductor contacts is mainly due to
majority carriers. There exists four processes:
- transport of electrons from the semiconductor over potential barrier into the

metal;
- recombination of the charge carriers in the space-charge region;
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252 Microsystems and Microstructures

- hole injection from the metal to the semiconductor;
- quantum-mechanical tunneling of electrons through the barrier.

Both, thermionic emission current (first three mechanisms) and tunneling
current (last mechanism) depend directly on barrier height of contact. By the
contacts, based on composition of the metallic film, it is suitable to introduce the
effective barrier height, which in turn depends on inhomogenity of the area,
occupied by each metal at the interface of contact. From the other hand the risk
arises that the contact itself under real load conditions will be damaged due to
strongly unequal current distribution over the contact area caused by different
barrier heights at the interface. Fig. 1 gives the simplified explanation for this
situation. Using only two component metal compound by realisation of contact,
the regions with barrier height fa\ (e.g. black regions with area S\) and fai (e.g.
white regions with area &) crop up So, the relationship &/& ($51/̂ 2$!) will
play significant role in current distribution Therefore, the determination of
effective barrier height for compound metal-semiconductor contacts (the
distribution of the different barrier heights over the whole contact) is one of the
most important problem for the electrical description of the systems. The exact
solution of this problem is not yet complete.

Figure 1: Schematic picture of the two-metal compound semiconductor substra-
te contact. The black rings have for example the barrier height fei and the

white area 632-

Models described before (e.g. [2-7]) are incomplete, because of using essen-
tially simplified theory of Scottky junction. The aim of this work is:
- to introduce new, more precise model for metal-semiconductor (MS)

contacts (effective barrier height and nonideality factor);
- to apply this model to alloy-metal silicon carbide (anisotropic material)

substrate contacts.

2 Description of the model

There are introduced two basically different techniques for preparing of the
contacts to SiC surfaces - sputtering and joining technologies. For the contact
fabrication different metals could be used, as for example Al, Ti, Pt, Au, and
alloys of mentioned metals. So, the effective barrier height will depend on
components of different metals, forming alloy. From another hand very often
further formation of glassy phases takes place at the interface. Therefore, it is
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Microsystems and Microstructures 253

very important to try to describe the behaviour of the barrier height under so
called multimaterial situation.

The general multimetal contact to semiconductor will be formrd by TV
different metals on the same semiconductor substrate. So, each diode formed by
the same metal, has almost identical electrical characteristics, which has a local
potential barrier. We assume that the diodes do not influence on each other at
the interface. Therefore, the electrical properties of contact will be characterized
by the macroscopic parameters such as the effective barrier height and the
effective ideality factor of the I-U characteristics of the junction.

Let the total area of the contact be S. With S, will be described the part of
interracial area occupied by all primary diodes of the /-th metal. (Ny - the subarea
of the y-th primary diode formed by /-th metal; S,j - the subarea of the y-th
primary diode formed by the /-th metal).

Then

2,=ZXA, ; = 1,2,-;V-, (1)
y=i

where N is the number of metals involved by forming the contact. Mj is the
number of elementary diodes (contacts) of /-th metal.

In practice we have

S = fs, , (2)
i=\

and we could define the ratio

^=y , / = 1,2,...,#. (3)

The total current across the interracial area will be described:

I = In+lT, (4)
where I ED is the total current over the barrier expressed with thermionic-
emission theory and IT is the total tunneling current through the barrier.

Using current density terms, the eqn (4) will take a form as follows:

Eqn (5) means that the total current thrugh the total interfacial area of the
contact is equal to the sum of currents through the areas S, and the electrical
parameters of the contact can be described by own parameters of the elementary
contacts (diodes).

Because of complexity of treatment of tunneling term and of the fact that
relatively often J^ « J^ (because of determining the barrier height by t/« 0V),
at the moment we assume that there does not exist any tunneling through the
barrier (see e.g. [8]). The expression for currents could be written as follows
(see also [9]):

N
I = J-S = ̂J,-S, (6)
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254 Microsystems and Microstructures

where J/ is the thermionic emission current density of the /-th subcontact
(diode). Further we assume that there is no lateral fluctuation of the potential at
the contact and therefore we may write (7, =U.

The thermionic-diffusion term will be:

where

The barrier height ̂  will be

A'T*

The barrier lowering effect is described as

where

(7)

= l,2,...,N . (8)

(9)

(10)

(11)

1,2,...N. (12)

and cpr are the built-in and

..,# (13)

Eqns (1)-(13) form the general model of the contact. Assuming / = 2 (the
alloy contact is consisting of two metals), the effective barrier height and the
effective nonideality factor will get the following form:

and Wt is the depletion layer thickness,
thermal potential, respectively.

The idality factor n, is given as

(14)

\p\_w
0B2 ~ 0m

VT
^ ] o J ̂  11, exp| |- PM exp| -—

/J
n--

<Pr

-(15)
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Microsystems and Microstructures 255

where

P = exp - -1;

-1; (16)

-1.

S\ and & are the subareas of the contact. So, S\

3 Discussion

It can be seen that the barrier height and the ideality factor depend particullary
on the interfacial areas, occupied by each type of metal at the interface. In
general case the barrier height and the ideality factor depend also on applied
voltage.

Let us see some examples for i' = 2.
a) If we assume n\=ri2= 1, then n = 1 and the effective barrier height will be

r
(17)

b) In case n\ = #2 ̂  1, the ideality factor will be n = n\ = n-i and the effective
barrier height will be determined also by eqn (17);
c) In general case n\^n^^- 1 and the effective ideality factor will be determined
by eqn (14) and the effective barrier height by eqn (15).

It is clear that the value of effective barrier height is situated in the range of
barrier heights of corresponding single metal - SiC contacts which form the MS
contact. For the Au-Pt-SiC contact, if R\ = 0, it means that the contact is the
single layer MS contact (Au-SiC) with barrier height 1.52 eV. Similarly, if
R\ = \, the single layer MS contact will be formed (Pt-SiC) with barrier height
1.03 eV. If 0 < RI < 1, then the contact will be formed by the combination of
two metals and the effective barrier height of Au-Pt-SiC contact will change
according to the variation of the ratio R\.

Fig. 2 shows the strong dependendence of effective barrier height on ratio of
the area, occupied by component metals. It is interesting to stress that strong
influence occours only, when the ratio is in avarage less than 10% (in case Au-Pt
alloy ca 2%). The crystal direction (anisotropy) has practically zero influence
on effective barrier height (foi\/fai± —» 1). The reason arises from the behaviour
of the crystal structure, which affects strongly on transport.
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Figure 2: The relationship of the barrier heights of different crystal directions
versus persentage of the area of one component metal for Au-Pt alloy contact to

SiC, where <j)bbi = ((Ki %ii) and Rlg= (% of Pt area).

Fig. 3-5 show the current density dependence on applied voltage for different
metallizations, taking into account the anisotropy of the crystal. As in previous
case, the strong influence occours only, when the ratio is in avarage less than
10% (in our example ca. 2%). As one can see, the difference of current density
could reach 4-5 orders in magnitude It means that the strong redistribution of
the current should take place only by alloys, where the metal, having higher
potencial barrier, forms in avarage 90% (in our case already 98%) of alloy It is
correct, because the specific resistance of the contact caused by the barrier
height, drops drastically in these spots, where the metal with lower potential
barrier forms the contact. More than 10 % (ca 2% in our example) of the metal
in alloy, which has lower barrier height, practically doesn't influence the current
flow through the contact compared to single metal contact with lower barrier.
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Figure 3: Logplot of thermionic current versus applied voltage for pure Au
(100%) contact to SiC, ND = 10", (1 - £1, 2 - q), T= 300
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Figure 4: Logplot of thermionic current versus applied voltage for AM (95%) Pt
(5%) alloy contact to SiC, ND=\^\ (1 - £j_, 2 - e\\ 7-300.

rio 0.08 0.1

Figure 5: Logplot of thermionic current versus applied voltage for Au (5%0 Pt

(95%) alloy contact to SiC, Ab = 10'*, (1 - d, 2 - f,), 7= 300.

4 Conclusions

Very often the contacts will be fabricated from metal alloys or the single metal
contact has additional components (eg. silicides, or O, etc.) at the interface,
which both change the effective barrier height Therefore, the modeling of
effective barrier height for the multilayer MS contacts is very important activity
area for electronics and microsystems design.

The results obtained from this model for MS contacts allow us to determine
the effective barrier height for optional metallization schemes. For example, for
the single layer contacts Au-SiC and Pt-SiC the barrier heights were found to be
1.03 and 1.52 eV respectively [10]. According to the model, the calculated
effective barrier height of Au22Pt?g-nSiC should be 1.05 eV. This number is
relative close to barrier height of single Pt contact, which is in agreement with
statement, made already earlier.

To investigate the variation of barrier height and the electrical properties of
the MS contacts with the inhomogeneous interface arises because the MS
barriers formed simultaneously by the different metals with the surface atoms of
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258 Microsystems and Microstructures

semiconductor could be not planar and is spatially inhomogeneus [10]. In this
case at the interface of the contact the barrier has the so called local
characteristics, which lead to the formation of different local barriers at the
different subregions with different contact properties and current flows through
the different subregions having different resistances. Therefore, the effective
height of the MS contact barrier will be a combination of sevral local barrier
heights. These local spots, having lower barrier height, will conduct the majority
of current and the failure of the contact can occour

This model does not include the tunneling part in the whole current As it is
shown for example in [8, 9], the tunneling current will dominate (J* > Ĵ ) at
higher doping and lower temperature levels. Therefore, the ideality factor n will
depend also on current, slightly different from this one, calculated from our
model. Due to this fact the model becomes slightly unexact. So, it will be our
next task to complete the model with tunnelling term. Later it should be very
important to connect these ideas and ideology with numerical simulation
programmes of semiconductor devices.
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