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Annotation: This study investigates the Schottky barrier diode, specifically on n-type
materials, drawing parallels with the abrupt p*n diode for analytical purposes. The solution of the
Poisson equation enables the determination of critical parameters such as the depletion width (W) for
an externally applied voltage to the metal (V), with N, representing the doping level of the n-type
semiconductor. By summing the contributions of each allowed electron, this research provides
insights into current calculations in the Schottky barrier diode, laying the foundation for its practical
applications.
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Once the Schottky barrier height is known, the electric field profile, depletion width, depletion
capacitance, etc., can be evaluated the same way we obtained the values for the p-n junction. The
problem for a Schottky barrier on an n-type material is identical to that for the abrupt p*™n diode,
since there is no depletion on the metal side. One again makes the depletion approximation; i.e., there
is no mobile charge in the depletion region and the semiconductor is neutral outside the depletion
region. Then the solution of the Poisson equation gives the depletion width W for an external voltage

applied to the metal IV
_y)11/2
W = [Z‘S(Z+d") (1)
Here N, is the doping of the n-type semiconductor. Note that there is no depletion on the
metal side because of the high electron density there. The potential V' is the applied potential, which
is positive for forward bias and negative for reverse bias. Consider the Schottky barrier band diagram
shown on figure 1 at zero bias. The Schottky barrier between a metal and semiconductor is shown in

equilibrium (at zero bias) with the electron distribution shown on the right
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Figure 1: Schottky Barrier in equilibrium
Also shown is the electron distribution:

n(E —Ec) = 2f(E — Ec) - N(E — E¢) )
similar to the case of a p — n junction, the factor of 2in accounting for electron spin. Thermionic
emission assumes that all electrons in the semiconductor with kinetic energy in the +z direction
greater than eV,,;(E, > eV) and k, > 0, are capable of surmounting the barrier and contributing to
current flow from the semiconductor to the metal, J,_,,,,. Note that the total kinetic energy E — E; =
E, + E, + E,. At thermal equilibrium the current from the metal to the semiconductor, J,,_,s, will be
equal in magnitude and opposite in sign to J_,,,, making the net current zero. To calculate J,_,,, one
needs to sum the current carried by every allowed electron:

]s—>m=ez n(E—E;)-v, (3)
for E, > eV}; and v, > 0. The methodology employed is to calculate the number of electrons at
energy E inavolume of k-space (dk)3, multiply the number with the electron velocity in the direction
along the barrier, and sum or integrate over energy. Assuming a crystal of length L, periodic boundary
conditions yield allowed k values given by

k = 2nN 4)
where N is an integer and the separation between allowed k’s is Ak = 2m/L. The number of electrons

in a volume element dk,, dk,, dk, is therefore

dkydkydk,
dN = 2f (E - E¢) =2 (5)

Assuming (E — E;) » Ep and writing E — Er = E — E; + E; — Ep gives

—((E—-E)+(Ec—Ep))\ dkydkydky
dN = 2 exp ( ( CkBT £ r )) Akﬁ (6)

The current density contributed by these electrons is
dN
Iz = _esz_g (7)
if k, > 0and E, > eV},;. Note that all values of E, and E,, are allowed as they represent motion in

the x — y plane which is not constrained by the barrier in the +z direction. Note that

h2k%
(B — E¢) = == ®

with similar relationships for (E, — E¢) and (E, — E¢) . Also employing the condition (E, — E;) >
eVy; yields a minimum value of

kK min = €V (ZH_TTZI*) )
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Also,
hk,
Uz = mr (10)
Therefore,
—° f dk, f dk J hk: ak
]Z (27-[)3 mm m* ’
, (Ex +E, +E) [ E; — Er (EC>
exp [— exp kT exp kT
E
WI J, -1, exp(-2EE) (11)
where
k5 2 *kgT
[, =1, =12, exp (s die, = Y202 (12)
and
oo h2k2\ hk,
fz - fk min exp (_ 1637) ' m* . dkz (13)
__ kpT hzkzmln _ ]CB;T —eVpi
—Texp(— kpT )_ h exp(kBT) (14)
Therefore,
41 . (eVypi+(Ec—ER))
], = €™ kZT? exp (— bT;F) (15)
or
Jo = AT?exp (2£) = Jsm(V = 0) (16)
where
« _ Amem’kp -
A" = rerca 120 Asm e @17

is the Richardson constant and ¢z = V,; + (Ec — Er) , the barrier seen by electrons in the metal of
the Schottky barrier height. We have calculated J,_,,,, at V = 0. The analysis can be easily extended
to a forward bias of V, the only change being replacing the barrier, V;,; by the new barrier V;,; — V.
This changes I, to

— ksT _ Vbi eVE
I, = h exp( kBT) exp (kBT) (18)
or
14
Jsom(V =Vg) = Joom(V = 0)exp (ng;) (19)
Since the current flow from the metal to the semiconductor is unchanged:
](V = VF) = ]s—>m(V = VF) _]m—>S(V = VF) (20)
_ qe eV
= A*T? exp( B) [ exp (k)T;) — 1] (21)
L|terature
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