CHAPTER 1T
METAL - SEMICONDUCTOR CONTACTS
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2.1 The Schottky and Bardeen Models of Metal Semiconductor Contacts
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semiconductor band gap. In this way, Schottky (1938) proposed that the barrier
height of the MS contacts is given by

¢n = ¢m = xs (2.1.1)

Op =Eg+Xs- O 2.1.2)

where



On =  Schottky barrier height of n-type semiconductor,

¢]J = Schottky barrier height of p-type semiconductor,

d)m = metal work function,

x, = electron affinity of the semiconductor (the energy from the
bottom nf + n band to the vacuum level), and

Bg = energ% ductor.
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screen tla-. semiconductor from the electric field in the insulator which arises from

directly with d}m. Jrcahty the barrier hmght

the difference between metal and semiconductor work functions. So, the metal
work function d)m is less important to the barrier height. In the case that there
exists sufficient number of surface states, the barrier height would be independent

of Q. The Fermi level at the interface is then said to be "pinned”, since its

position could not much vary in the band gap.




2.2 Mechanism of Barrier Formation

The Bardeen model, introduced above, requires an interfacial layer for
screening, the layer is often a thin oxide layer. However, it is possible to prepare

an intimate MS interface which precludes oxide layer formation. For example,

decay of the metallic
"‘-%ﬁacﬂ states. So, this model

(1979) have dem{}n{‘ tedﬂ:ﬂt oﬂhe surface of a covalently

bonded semiconductory is, pinned by a,metal coverage of only a tenth of a
monolayer. Pﬂhu'&g ;mﬂgj mwf&mgns pin the Fermi level
at the same in the semiconductor ban These results led Spicer et al.
ﬁi’i@ LNSALRIINIRL, . .
oxygen, atoms arriving on thc surface of the semiconductor creates native point
defects in the semiconductor. These defects then pin the Fermi level at the MS
interface. So, the model is called the "unified defect model".




All models mention above do not consider the possibility of diffusion and
chemical process at the interface. It has become clear that these processes often
occur. In many semiconductors, the presence of a metal layer promotes

dissociation of the semiconductor, even when there is no direct chemical reaction

between metal and semiconductor. For example, deposition a gold film on a
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ds close to the interface. There is
nestoichiometry (Braicovich et al.,

1979). Similarly, th alloying in Au contacts to

GaAs, GaSb and ion of one or both of the
semiconductor compongfits Jdr frie_ Al Somu-. l:l-dlffﬂﬂﬂl'l of Au may also
occur (Hiraki et al., 1974, Sinha e, 1 3' Q‘j}'e et al., 1978; Komatsu et
al., 1981). T
i

More complex mtefgzgq;_g} :{% i there is a chemical reaction
between the meuqf-gnd..one_ omponent of the semidonductor, for example, the
contact of Al onto GaAs. The semi ondh iates under the contact and Ga

diffuses away from | 2 m:crfaoc and replace by Al with the formation of AlAs.

e e f B 5] 4 B e s

Phillips (19’?4], Andrew and Phillips (1975), gl Brillson (19J§} Brillson (1979)

proposl Y i ldefl) kg A ) ek Ja| 2 reicted fom,

wheﬂmr a chemical reaction occurs and whether the semiconductor is ionic and

covalent bonded.

Different from Brillson model, Freeouf and Woodall (1981), with the spirit
of Schottky, proposed that the properties of contacts are controlled primarily by
the workfunctions of the pseudo-alloys formed by the mixing of metal and




semiconductor at the interface. This model is called the effective workfunction
model.

However, it is believed that there is no simple model that can completely

explain the formation of the barrier, importantly perhaps, one should not

ies differ between that of a point

bother except to accept that

a) emission of holes over the top of the barsier; this is called thermionic emission

Lo

¢) recombination in thesspace charge region, and

d) mcombmaa‘lutgsj gﬂ‘ml‘gﬁlm ‘j W EJ r] ﬂ j
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neghg1h1¢ for an energy barrier which is small compared to the band gap.

The thermionic emission, field emission and the combination of these two

mechanisms, i.e. the thermionic-field emission, are shown below.




Fig.1 Conduction me
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'Iheran of TE /FE canbe obtained by the expressiom kT/Eq, where k

is manﬂ-m&m u mzﬂ\gmm energy Eqq is

given by (Padovani and Strattron, 1966)

Ego = (gh /4T0) (N, /K EgMp1/2 23.1
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where

N, acceptor concentration,

-
[

dielectric constant of the semiconductor, and

M; = appropriate effective mass.

The other symbols havemm.‘Tp/l/;eamng

For lightly doped Semiconducigrs 0.>> 1; N < 1017 cm-3 ), the
doped semiconductors (KT /Egg << 1; N,

current is the result of”

There are many .definition of ehmic contact, including the following

(Look, wsﬂﬂuﬂ INENINEING
AT Ty

b) a source of carriers with an internal resistance R which is totally negligible
compared with the semiconductor resistance,
c) a source of carriers with a non-negligible R, but one which obeys Ohm's law

for current densities of interest.
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Definition (a) has only academic significance since no actual contacts ever
fulfill this condition. More practically used are definition (b) or (c). However the
ohmic property in definition (b) depend on the relative dimensions. Definition (c)
is not acceptable in the case of contact resistance R¢ is so high that sufficient

current can not be passed, even

s the ohmic contact, it is

by (Schroder and Meier,

(2.5.1)

where ] is tk »-nu--a splied voltage, the units of

Pc is Qcm?2. NO!DLh.

at in the rangcthat the mﬂc is qualified by P, the

contc et (ne0% wmw’m i I s,

holds in the smiall-current range.
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The contact resistivity for TE is given by (Sze, 1981)

Pc(TE) = P exp(q Ppp AT) 252)
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where P1 =k /( qA*T),
A* = 4TC gk2 m* /3 is the Richardson constant, here m* is the
density of state effective mass,

Qpp = barrier height including the image force lowering.

For TFE, P is given by (&V////

Pe(TEE) ?1 eﬂq% 253)
For FE, itis (Yu, 1 f = | :
Pc(FE) | Calexpl (2.5.4)
Where C; and Cp are fu cu@m_ Eq is related to Eqg by
'T:j‘—'.:_;'!* R
Eg (2.5.5)
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contrast] Pc(FE weukly temperature dependent, the dependence is
contained in Cp, while strongly dependent on dnping through Eqy.

It should be noted that eqs. 2.5.2, 253 and 2.54 resulted from
linearization (truncation) of the Taylor series, and as such are of limited validity

for obvious reasons.
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2.6 The Effect of an Interfacial Layer

If the Schottky diodes are not manufactured by cleaving the semiconductor
in an ultra-high vacuum, a thin oxide layer between metal and the semiconductor

is formed. This interfacial layer may onsidered nonconducting, even though it

%)-st‘uctm characteristic of a thick

oxide. To see the eff&cmsulﬂﬁng& us look at the usual Schottky

TJ=A*T2 ¢ (2.6.1)
where ]
n
the other Symbols-—aie-ide—sa af-stibisection 2.5. The insulator
layer affects the Sc fiode in three ways (Rhoderick, 1978) :

a) the zero bias barriep-height is lowe than it would be in ideal diode. This is
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c¢) the barrier height (not including image force lowering) is dependent of
applied bias. This change the shape of the current-voltage characteristics in a

manner which can manifest itself in the non ideality factor n.




	Chapter II Metal-Semiconductor Contacts
	The Schottky and Bardeen Models of Metal Semiconductor Contacts
	Mechanism of Barrier Formation
	Current Transport Mechanisms Through the Schottky Barrier
	Definitions of Ohmics Contact
	Contact Resistivity
	The Effect of an Interfacisl Layer


