3.3.7. Solution to Poisson’s Equation &

To assess the error made when using the full depletion gpproximation we now derive the correct
solution by solving Poisson's equation anaytically?. The actud solution for the potentid is then
obtained by numericdly integrating the expresson for the dectric fidd. We gsart from the charge
dengty, r, in a semiconductor for the generd case where eectrons, holes, ionized acceptors and
ionized donors are present:

rf)=a(p+Ng-n-N3) (3.3.19)

where f is the potentid in the semiconductor. The potentid is chosen to equd zero deep into the

semiconductor. For an n-type semiconductor without acceptors or free holes this can be further
reduced to:

F(F) =N, (L- exp( E_l_‘r ) (3.3.20)

assuming the semiconductor to be non-degenerate and fully ionized. A smilar expresson can be
obtained for p-type materid. Poisson's law can then be rewritten as.

d¥ _ r(f) _
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Multiplying both sdes with df /dx, this equation can be integrated between an arbitrary point x
and infinity. The dectric fidd a infinity (degp in the semiconductor) is taken to be zero. The
dectric fidld for agiven potentid is then:

; (3.3.22)

E(F) = \/252&(1- exp(%» df =sign(t )t’—t\/z[exp(\})- (-1

Where the sgn function equas +1 or -1 depending on the Sgn of f and Lp is the Debye length

given by, L,= s;kNT. Equation (3.322) is plotted in Fgure 3.3.4 usng normalized
d

parameters. Depletion occurs for negative potentids while accumulation occurs for postive

potentials.

2This derivation follows that of Goodman and Perkins, J. Appl. Phys. 35, p 3351, 1964.
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Figure3.34 Absolute vaue of the normdized eectric fidd, [E| L./V, versus normalized
potentid, f /V,

Applying Gausss lav (Q = eF), we then find the relation between the totd charge in the
semiconductor region and the totad potential across the semiconductor. The capacitance can dso

be obtained from:
exp(L)- 1
o dE | _e V,
dav,| L,

) f f
\/Z[GXp(vt) - (Vt)- 1

(3.3.23)

C= ‘d_Q
av,

where f 5 is the potential across the semiconductor and equas -f; + V,. This expresson can be
gpproximated for f < 0 and |f  >> V¢, yidding:

(3.3.24)
C=

e 1 _ e.qN,
TRV EORVARY
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This expresson equas (3.3.10) as derived using the full depletion approximation, except for the
added term, V4, in the denominator. This expression yields the capacitance vaue with a rdative
accuracy better than 0.3 % for V, <f; —6V..



3.3.7.1.Numeric solution

A numeric solution can be obtained by integrating equation (3.3.21). The solution to the energy
band diagram, the charge densty, the dectric fidd and the potentid are shown in the figures
below: Integration was started four Debye lengths to the right of he edge of the depletion region
as obtained usng the full depletion gpproximation. Initid conditions were obtained by assuming

the potentid a the darting point to be adequately expressed by a solution to the homogenous
equation:

BVEY: (3.3.25)
f:VtexpaE-}—(X %a)9

LD@

Shown are solutions for a gold-silicon M-S junction with Fy = 4.75V, ¢ = 4.05V, Ng = 10'® cm®
and edep = 11.9.
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Figure3.3.5 Energy band diagram of an M-S junction
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Figure3.3.6 Chage dengty versus postion in a M-S junction. The solid line is the numeric

Figure3.3.7

solution, and the dotted line is the solution based on the full depletion
aoproximation.
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Electric fidd versus disance in a M-S junction. The solid line is the numeric
solution, and the dotted line is the solution based on the full depletion
goproximation.
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Figure3.3.8 Potentid versus distance of an M-S junction. The solid line is the numeric
solution, and the dotted line is the solution based on the full depletion
aoproximation.



