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ABSTRACT

We have made two-dimensional simulation of turn-on
characteristics of recessed-gate and buried-gate GaAs
MESFETs, and studied how the gate-lag or the slow current
transient (which may occur due to surface states) is affected
by the recess-structural parameters and the off-state gate
voltage VGoff. It is shown that when VGoff is around the
threshold voltage (pinch-off voltage) Vth, the gate-lag could
be greatly reduced by introducing the buried-gate structure.
However, it is suggested that large gate-lag might be seen
when VGoff is much more negative than Vth.
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1 INTRODUCTION

The gate-lag in GaAs MESFETs is a phenomenon that
the drain current shows slow transient even if the gate
voltage is changed abruptly, and this is a serious problem in
both digital and analog applications [1],[2]. As for the
mechanism of gate-lag, effects of surface states are
suggested [3], but the detailed mechanism is not well
understood. In previous works [4],[5], we made two-
dimensional simulation of a planar GaAs MESFET
considering surface states, and found that the gate-lag
became significant when the deep-acceptor-like surface
state acted as a hole trap. We also simulated a recessed-gate
structure, and got a qualitative agreement between our
simulation and an experiment. In this work, we have made
systematic simulation of recessed-gate and buried-gate
GaAs MESFETs, and discussed how the gate-lag can be
suppressed.

2 PHYSICAL MODEL

Fig.1 shows modeled device structures analyzed here.
(a) is a recessed-gate structure, and (b) is a buried-gate
structure. The recess depth dr, the distance between the gate
and the recess edge Lr, and the length of gate electrode
portion attached to the same planes as the drain (source)
electrode LO are varied as parameters. The surface states are
considered on the planes between the source and the gate
and on the planes between the gate and the drain.

                                           (a)

                                           (b)

Figure1: Device structures analyzed here. (a) recessed-gate
structure, (b) buried-gate structure.

We assume that the surface states consist of a pair of a
deep donor and a deep acceptor [6], and the case where the
gate-lag was seen previously in the planar structure [4], is
considered: ESD = 0.87 eV and ESA = 0.7 eV [7] where ESD

is energy difference between the bottom of conduction band
and the deep donor’s energy level, and ESA is energy
difference between the deep acceptor’s energy level and the
top of valence band. The surface states are assumed to
distribute uniformly within 5 Å from the surface, and their
densities are typically set to 1013 cm-2. Basic equations are
Poisson’s equation including ionized deep-level terms,
continuity equations for electrons and holes which include
carrier loss rates via the deep levels, and the rate equations
for the deep levels. These equations are put into discrete
forms, and are solved numerically.

We have calculated the turn-on characteristics when the
gate voltage is changed abruptly. Here OFF and ON states
are usually set so that the drain currents becomes 5x10-3

A/cm and 0.6 A/cm, respectively. Then the off-state gate
voltage VGoff corresponds to the threshold (pinch-off)
voltage Vth. In power devices, the gate voltage can be much
more negative than Vth. Therefore, VGoff - dependence of the
turn-on characteristics is also studied.



Figure 2: Calculated turn-on characteristics of recessed-gate
GaAs MESFET as a parameter of recess depth dr. Lr = 0.1
µm. VGoff = Vth.

3 CALCULATED RESULTS

3.1 Case of VGoff Equal to Vth

Here we describe the calculated turn-on characteristics
when the off-state gate voltage VGoff is set equal to the
threshold voltage Vth.

Fig.2 shows calculated turn-on characteristics of a
recessed-gate GaAs MESFET as a parameter of recess
depth dr, where the distance between the gate and the recess
edge Lr is 0.1 µm. The curve of dr = 0 µm corresponds to
the case of planar structure. As dr becomes deeper, the gate-
lag is reduced, but it is not eliminated even if dr becomes
deeper than 0.1 µm, which corresponds to the thickness of
surface depletion layer under equilibrium. This indicates
that slow response of surface states around the gate should
be one cause of the observed gate-lag. Then, we have
calculated the Lr - dependence of turn-on characteristics.
Fig.3 shows the drain current at t = 10-6 sec versus Lr (●),
where dr = 0.1 µm. The drain current in the ON state is 0.6
A/cm, and hence if the drain current reaches 0.6 A/cm at
10-6 sec, it means no gate-lag. It is seen that as Lr becomes
short, the gate-lag is reduced, but it is not eliminated even if
Lr is shortened to 0.005 µm. This indicates that the surface
states both on the same planes as the gate electrode and on
the same planes as the drain (source) electrode should affect
the gate-lag.

We have next analyzed the buried-gate structure, where
Lr is set to 0, and the gate electrode is attached to the
vertical planes of the recess. The result is plotted in Fug.3
by (▲ ). In this case, the gate-lag is reduced much as
compared to the recessed-gate case with Lr extrapolated to
0 µm. This is because the surface states on the vertical
planes of the recess do not affect the turn-on characteristics
in the buried-gate case.

Figure 3: Drain current at t = 10-6 sec versus Lr for recessed-
gate GaAs MESFET (●). (▲) is for buried-gate structure
(LO = 0 µm). VGoff = Vth.

Figure 4: Drain current at t = 10-6 sec versus LO for buried-
gate GaAs MESFET. VGoff = Vth.

We have finally analyzed the case where the gate
electrode is also attached to the same planes as the drain
(source) electrode (Fig.1(b)). Fig.4 shows the drain current
at t = 10-6 sec versus this overlapped length LO. As LO

becomes longer, the gate-lag is further reduced. Fig.5
shows electron density profiles for the case of dr = 0.1 µm
and LO = 0.3 µm. It is understood that the electron density
profiles under the gate electrode portion attached to the
same planes as the drain (source) electrode are changed
quickly when the gate voltage is switched on, and the
profiles in this region are similar between t = 10-6 sec and
the ON state. Therefore. The surface-state effects are
reduced further in this case.

In conclusion, the surface-state effects are reduced
significantly by introducing the recessed-gate (buried-gate)
structure, and the gate-lag can be greatly mitigated as far as
VGoff is equal to Vth.
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 Figure 5: Electron density profiles of buried-gate GaAs MESFET when VGoff is equal to Vth.  dr = 0.1 µm and LO = 0.3 µm.
(a) OFF, (b) t = 10-6 sec, (c) t = 102 sec (ON).

Figure 6: Calculated turn-on characteristics of recessed-gate
GaAs MESFET as a parameter of VGoff. dr = 0.1 µm and Lr =
0.1 µm.

3.2 VGoff - Dependence of Gate-Lag

Here we describe the case where the off-state gate
voltage VGoff is more negative than the threshold (pinch-off)
voltage Vth.

Fig.6 shows calculated turn-on characteristics of a
recessed-gate GaAs MESFET as a parameter of VGoff, where
dr = 0.1 µm and Lr = 0.1 µm. As VGoff becomes more
negative, the gate-lag is more pronounced. This is because
for more negative VGoff, the depletion layer under the surface
becomes thicker in the OFF state, and hence the drain
current just after the gate voltage is switched on becomes
lower. Fig.7 shows drain current at t = 10-6 sec versus Lr as a
parameter of VGoff. When VGoff is equal to Vth, the gate-lag is
not so large, as mentioned before. For VGoff = - 4 V, the gate-
lag is reduced much by shortening Lr. However, when VGoff

is - 6 V (much more negative than Vth), large gate-lag is seen
even if Lr is shortened. This is because the surface states on
the same planes as the drain (source) electrode affect the
turn-on characteristics.

Figure 7: Drain current at t = 10-6 sec versus Lr for recessed-
gate (●) and buried-gate (▲) structures, with VGoff as a
parameter. dr = 0.1 µm.

Figure 8: Drain current at t = 10-6 sec versus LO for buried-
gate GaAs MESFET, with VGoff as a parameter. dr = 0.1 µm.
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Figure 9: Electron density profiles of buried-gate GaAs MESFET when VGoff is much more negative than Vth (VGoff = - 6 V).
dr = 0.1 µm and LO = 0.3 µm. (a) OFF, (b) t = 10-6 sec, (c) t = 102 sec (ON).

Next, we describe the buried-gate case. Fig.8 shows the
drain current at t = 10-6 sec (after the gate voltage is switched
on) versus LO as a parameter of VGoff. By combining the
results of Fig.7 and Fig.8, we can say that even if Lr is set to
zero to introduce the buried-gate structure or LO is increased
to lengthen the gate electrode portion attached to the same
planes as the drain (source) electrode, the gate-lag is not so
much suppressed if VGoff is strongly negative (- 6 V). Fig.9
shows electron density profiles for the case showing large
gate-lag, where VGoff = - 6 V (dr = 0.1 µm, LO = 0.3 µm). It is
seen that in the OFF state, electron depletion under the
surface-state layer between the gate and the drain (source) is
very pronounced. Then, even if the gate voltage is switched
on, the surface depletion region there does not shrink quickly,
and hence large gate-lag is observed in this case.

4 CONCLUSION

Two-dimensional simulation of turn-on characteristics of
recessed-gate and buried-gate GaAs MESFETs has been
made, and their dependence on the structural parameters and
the off-state gate voltage VGoff has been studied. It has been
shown that when VGoff is around the threshold voltage Vth,
the gate-lag is reduced to some extent by deepening the
recess depth and by shortening the distance between the gate
and the recess edge, and it is almost suppressed by
introducing the buried-gate structure. However, it is
suggested that when VGoff is much more negative than Vth,
large gate-lag could been seen due to the effects of surface
states on the same planes as the drain (source) electrode.
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