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Introduction In semiconductor devices like LEDs, photodetectors, solar cells minority
carriers recombine at the free surfaces. In the models of these minority carrier controlled
devices, the phepomenon of surface recombination is recognised by the parameter §, the
surface recombination velocity. The value of § depends on the physical and chemical states
of the surface, viz., free, oxidised, metallised, etc. [1 to 3}. Recombination is assumed lo take
place [1.4 to 9] via deep traps either at or close to the surlace. These traps may direct the
Fermt level at the [ree surface [6].

it is assumed that under heavy doping conditions, the surface recombination is a
combination of the Shockley-Read-Hall (S.R.H.) process through surface states in the band

" gap and the band-10-band Auger recombination process, due (o which the recombination

rate [10] depends on the density of surface states, the distribution of band bending, eic.
Thus S is not a constant parameter during the change of the physical and chemical states
‘of the surface.

On the stated physical background, an attempl has been made in this note to study the
variation of § with doping density for a heavily doped abrupt n’ —p junction, considering
band gap narrowing and carrier degeneracy as heavy doping effects. The results obtained
by numerical computations are presented and compared graphically with an earlier work

[i1]

Mathematical formulation The surface recombination rate due to the Shockley-Read-
Hall (5.R.H.) process [12] is given by

ri(x) p(x) — n?
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and the net Auger recombination can be written as

3 olx) e
Ry = ; ’39.'.&:2’ M+ o, -

where n(x) and p(x) are the electron concentration in conduction band and the hole
i concentration in the valence band, respectively; », is the intrinsic carrier concentration; 1,

! 1, are the electron and hole minority carrier lifetimes, and v is the Auger recombination
Y
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coeflicient. », and p, are the Shockley-Read-Hall paramelers, given by

E - E E, — E,
ny, = B CXp —L—f" , p1 = MEXP T:r— .
B “ : B

where E, is the effective energy of the trapping level: E; the intrinsic Fermi energy: ky the
Boltzmann constant, and T the absolute temperature.

In the presence of band gap narrowing and carrier degeneracy due to heavy doping. the
expressions for electron and hole concentrations can be written as

" AAE E. —E
n(x) = n;Fjatn,) exp (—n,).exp (r-m’-‘) exp (—'IB—T-F’) , {3a)
, (1 — A)AE; E - F
plx} = mFy2(n,) exp (— A ) exp (—-—k;T—') exp ( k;T—“’) 3

where F,,,(7) is the Fermi-Dirac integral of order 1/2; n the reduced Fermi energy; A the
asymmetry factor; AE, the band gap narrowing: E, the quasi-Fermi energy for electrons.
and Ey, the quasi-Fermi energy for holes. At equilibrium. E, = Eg, The expression for the
surface recombination velocity § can be avritten as :

Js
qin’
where g is the electronic charge, An the injected carrier density, and J5 the surface
recombination current density.
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Moreover, .
Jg = gIRED + Ral. )
Thus
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Incorporating (3} in (6} the expression for the surface recombination velocity can be derived as
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10 Fig. 1. Varialion of the surface recombination
velocity as a function of dopant density ina
77 heavily doped abrupt n*  p junction. Curve ia
is the result of the present model, (b) that of [9)
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Results From (7), numerical analyses are carried out to study the variation of the surface
recombination velocity with dopant density in a heavily doped abrupt 0™ -p junction. The
results are shown in Fig. 1. Curve a represents the results of the numerical analysis of the
present model, whereas curve b represents the resuits of an earlier work (11} Numerical
analyses of (7) have been carried out considering {13] AE, = 1023 (N/1018y43
+ 1312 (N/10*®)%* 4+ 293 (N/10')'? meV, n, = 13X 10'° em™3, T=300K, E
= 1.21 e¥. The values of n,, #,, F,2(n,), and F,2(n,) are chosen suitably (14} for the speci-
fied dopant densities, In the numerical analysis, the values of 7, for the variation of
majority carrier concentration in the range 10 to 102! cm ™ have been chosen within
10-% to 3x10"%s; while in the minorily cafrier concentration range between (3 to
9)x 10'® ¢cm >, the values of 7,, are taken within 107" to 10~ £2 5 Several effects decrease
the minority carrier lifetime with increasing doping level, becausc many recombination
mechanisms may compete with each other. Moreover, the change of minority carrier lifetime
with doping concentration is not uniform. It is jnversely proportional to the concentration
at lower values and inversely proportional 1o the square of the concentration at higher
values. The nonuniform change of minority carrier lifetime with concentration is also
considered in the computation of the present analysis. It is also assumed that the injected
carrier density is always small compared to the majorily carrier density.
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