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Abstract

The MOS system with interface traps is simulated in one dimension using numerical anal-
ysis techniques. To model this system, the Poisson equation with a nonlinear boundary
condition is solved. The technique uses Newton’s iteration method to solve Poisson’s equa-
tion in the semiconductor by finite differences with nonconstant grid [1]. The nonlinear
boundary condition is solved using Brient’s iteration method {2]. This method is shown
to converge for interface trap densities of up to 10!3 ecm~2eV~! which would exceed the
semiconductor depletion layer charge. .
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Extended Abstract

:To accurately model the quasi-static CV characteristics of the MOS system, interface traps
must be included. Interface traps lead to a nonlinear boundary condition. Assuming that

_any fixed charge in the oxide region and the interface traps can be approximated by a
sheet of charge at the Si-SO; interface, the boundary condition is the discontinuity of the
normal component of the displacement field due to charge at the interface,

Coz:(wa == Vg) = Qai(dja) 7+ Ql(wl)' (1)

Coz is the oxide capacitance, V; is the applied gate voltage, Q, is the total charge at the

interface, Q,; = e,,-%‘f’z—' is the charge in the silicon, and ¢, is the semiconductor surface
potential from Possion’s equation.

The charge at the interface, Q,, is the sum of the oxide fixed charge, Q, and the interface
trapped charge, Q;;, which is non-linear in ¥,,

E,
Qs =Qs + Quit(vhs) = Qs + q/ (D;‘,(E)[l —f(E,¥s)] — D&(E)E(E, ¢.))dE. (2)

where f is the fermi function, E. and E, are the energies of the conduction and valence
bands, D% and D¢ are the distributions of the donor and acceptor like interface traps,
and ¢ is the magnitude of the electronic charge.

The boundary condition (1) becomes dominated by Q¢ and highly nonlinear in ¥, for
large values of interface traps and cannot be solved by including it in the system of linear
equations derived from the Poisson equation. Using linearization oscillations are observed
and convergence is never reached. To achieve convergence for any arbitratry interface trap
distribution the boundary condition must be solved independently. Using Brient’s iteration
technique Q, and Q,; are solved for each given surface potential ¢, until the nonlinear
boundary condition (1) is satisfied.

Figures (1) and (2) show the results of this solution technique. Figure (1a) models a device
with a 460 A oxide, p-type doping, and an interface trap distribution with an acceptor peak
of 1.25 x 102 cm~2eV~! shown in figure (1b). The dashed line in figure (12} is the modeled
quasi-static capacitance response and the solid line is the modeled ideal high frequency
capacitance response. The ‘4’ marks are measured data from an actual device. Figure
(2a) models a device with 500 A oxide, nonconstant p-type doping, and an interface trap



distribution with a acceptor peak of 10'® cm~2e¢V~! shown in figure (2b). Figure (2)
demonstrates that even with an extremely high interface trap distribution, convergence is

guaranteed.
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Figure 1. (a) high frequency and quasi-static
response for a p-type device with 460 A oxide
and interface trap distribution (b) with acceptor
peak of 1.25 x 10!2 cm~2eV~!. Doping is con-
stant with an acceptor concentration of 1.5 x 1016
~n~3. The ‘+’ marks are measured from an ac-
tual device.
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Figure 2. (a) high frequency and quasi-static re-
sponse for a p-type device with 500 A oxide and
interface trap distribution (b) with donor peak
of 103 cm—2eV—1. Doping is nonconstant with
an average value of 5.0 X 101% cm—3.
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