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Abstract

Effects of surface states on I-V curves and turn-on characteristics in GaAs
MESFETSs are studied by 2-D simulation. These characteristics are essentially
determined by deep-acceptor-like state. Depending on whether it acts as an
electron trap or a hole trap, the turn-on characteristics change drastically.
Physical mechanism of slow transients due to surface states is discussed.

1. Introduction

Many performance instabilities such as drain-current drifts, hysteresis in I-V curves,
sidegating effects, and frequency-dependence of small-signal parameters have been
reported experimentally in GaAs MESFETs. These were supposed to occur due
to deep levels in the semi-insulating substrate or surface states on the active layer.
However, the detailed mechanisms were not well clarified. As to the effects of semi-
insulating substrate, many theoretical works have been made since a numerical model
including deep levels was proposed [1], and clarified to some extent how the deep
levels affect device characteristics. As to the effects of device surface conditions,
only a few theoretical works were recently reported [2],[3]. So, in this work, we have
systematically simulated GaAs MESFETs considering surface states, and found that
drastic change of device characteristics arises depending on the nature of surface
states.

2. Physical Model

We consider a GaAs MESFET where the active-layer thickness is 0.2 um and its
doping density is 10" cm™>. The gate lenght is typically 0.3 um. For a substrate,
we consider undoped semi-insulating LEC GaAs where deep donors "EL2” (Ngp,)
compensate shallow acceptors (N4;) [1]. For the surface-state model, we assume that
the surface states consist of a pair of deep donor and deep acceptor [4], and the
{ollowing two cases are considered for GaAs surface [4],[5].

a) Sample 1: Egp =0.925 eV, Esy = 0.8 eV [3],[4]

b) Sample 2: Esp = 0.87 eV, Esy = 0.7 €V [2],[5]
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where FEsp is energy difference between the bottom of conduction band and deep
donor’s energy level, and Egy is energy difference between deep acceptor’s energy
level and the top of valence band. The surface states are assumed to distribute
uniformly within 5 A from the surface. Their density and capture cross-section for
carriers are typically set to 10> cm™2 and 107%% cm?, respectively. Basic equations
are the Poisson’s equation, continuity equations for electrons and holes, and three
rate equations for the deep levels. These are solved numerically in two dimension.
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Figure 1: Comparison of calculated drain characteristics of GaAs MESFETs with
and without surface states. (a) Without surface states, (b) Sample 1, (c) Sample 2.

(a)

(b)
Figure 2: Comparison of potential profiles with different surface states. Vg =0V
and Vp =1 V. (a) Sample 1, (b) Sample 2.

3. I-V Characteristics

Figure 1 shows an example of calculated drain characteristics. When considering
surface states, drain currents are estimated lower because the Fermi level is pinned
around the mid-gap and the depletion layer is formed (Figure 2). It is also seen that
the drain currents are lower for the case of Sample 2. This is because the dominant
surface state is the deep acceptor in these cases and its energy level for Sample 2 is
nearer to the valence band. In Figure 2, it should be noted that in Sample 1, the
drain voltage is applied along surface-state layer, but in Sample 2, the drain voltage
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is entirely applied along the interface between drain electrode and surface-state layer.
This is because in Sample 1 the deep acceptor acts as an "electron trap”, while in
Sample 2 the deep acceptor acts as a "hole trap”. This difference of trap nature does
not strongly affect 1-V characteristics, but leads to dramatic difference in transient
characteristics as described in the next section.

4. Turn-on Characteristics

Figure 3 shows comparison of turn-on characteristics with and without surface states
when the gate voltage changes abruptly. Without surface states, the drain current
becomes a steady-state value around ¢ = 107! s. For Sample 1 (with electron trap),
the drain current shows fast response, too, and becomes constant temporarily around
t = 107" s, but decreases slightly during ¢ = 107° to 10~! s. This current decrease
starts when the deep acceptor (electron trap) begins to capture electrons. However,
the difference of ionized-trap density between OFF and ON states is small in this
electron-trap case, so the surface state does not strongly affect the characteristics. A
dramatic feature arises in the case of Sample 2 (with hole trap). The drain current
remains a low value for some period and begins to increase slowly around ¢ = 1072 s.
(This sort of slow transient is sometimes observed experimentally and called ”gate-
lag”.) This slow transient is due to slow response of the deep acceptor (hole trap). In
this case, as seen in Figure 4(a), the depletion layer exists along the entire region from
source to drain. So, even if the gate voltage is changed, the drain current remains
low (Figures 4(b),(c)) until the deep acceptors capture or emit carriers to change
their ionized density much. The ionized deep-acceptor density should decrease when
the deep acceptors (hole traps) begin to capture holes, which can be supplied from
the Schottky contact, as is understood from the potential profiles in Figures 4(b)-(e).
Thus the width of depletion region under the surface-state layer begins to decrease,
leading to the slow increase in drain current.
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Figure 3: Comparison of turn-on characteristics of GaAs MESFETs with and without
surface states. Vp =1 V.
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(e) t = 10_1 s

Figure 4: Potential profiles for the case of Sample 2. (b) to (f) are profiles during the
turn-on process. t is the past time after the gate voltage is changed abruptly.

5. Conclusion

2-D simulation of surface-state effects in GaAs MESFETSs has been made. The char-
acteristics are essentially determined by the deep-acceptor-like state. Depending on
whether it acts as an electron trap or a hole trap, the turn-on characteristics can
change drastically. Physical mechanism of the slow transients due to surface states
has been discussed and clarified.
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