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The anticipated performance of pseudomorphic high electron mobility transistors
has been extensively studied using Monte Carlo simulations when these devices
are scaled into deep decanano dimensions. The scaling of devices with gate
lengths of 120, 70, 50 and 30 nm has been performed in both lateral and vertical
directions. The devices exhibit an improvement in transconductance during the
scaling process, even though external resistances become a restrictive factor.

1. Introduction

A proper scaling of the conventional pseudomorphic high electron mobility transistors
(PHEMT) can result in remarkable improvement of their performance [1]. For that reason, we
have investigated the anticipated performance of a set of pHEMTs which have been scaled in
both lateral and vertical direction with respect to the gate lengths of 120, 70, 50 and 30 nm.
Our goal is quite realistic as suitable approaches (electron beam lithography, dry etching and
0-doping techniques) exist withii-V technology for controlling the critical atomistic limits.

This is the first phase of a large experimental programme in Glasgow, aiming to establish
Roadmap benchmarks for high-speed llI-V devices. Today, thmaéagy has been some-

what ahead of silicon in lithographic resolution and the engineering of active layers. However,
with MOSFET approaching 0.um [2] there are new incentives for exploring pHEMT
scaling. Technologies based on a GaAs substrate reduce the cost and this type of substrate is
still more manufacturable and has a large accessible scale of strain in comparison to an InP
substrate.

2. Monte Carlo device simulator

The finite element Monte Carlo devic
simulator (MC/H2F) [3], with a judicious choict
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impurities. In addition, alloy scattering and strain effects [4] are taken into account in the
InGaAs channel. The non-parabolic energy dispersion relation is used for representing the
band structure and calculating the scattering rates. To make our analytical band model of 1lI-V
material valid at high electric fields (up to 200-300 kV/cm), a form factor (the overlap
integral)G(E,E") [5] has been employed for all scattering rates except for ionized impurities:
l+aE) 1+ a'E') + aEa'E’ )

(1+ 20E)(1 + 2a'E") '
In equation (1), E is the initial electron energy, E' is the final electron energy after a scattering
event, anda and a' are the non-parabolicity parameters for the electron in initial and final
valleys, respectively. We implement Ridley's formulation [6] for ionized impurity scattering
which allows for third-body exclusion during the collision of an electron with an ionized cen-
tre. We have used a direct technique to generate the final state of the electron after this type of
scattering [7].

G(E,E') =

3.  Effect of scaling on pHEMT performance

All scaling investigations are based on careful calibration of the MC device simulations
against the 120-nm gate length pHEMT as designed and fabricated by the Nanoelectronics Re-
search Centre at the University of Glasgow. The structure of the device is schematically drawn
in Fig. 1. It has a T-shaped gate [8]; a 30-nm heavily Si-dopd®'2cm® n+ GaAs cap
layer; an A} :Gay7As etchstop layer; ax10'? cm? Si delta doped layer on top of angAl
Ga 7/As spacer layer and, finally, any®a . As channel with indium content x=0.2. The
whole device structure is grown up on top of a 50-nm GaAs buffer.

Our device simulator MC/H2F is able to provide tBé&/b (drain current versus drain
voltage) characteristics
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A rapid increase of the average channel velocity for the pHEMTSs can be observed in
Fig. 3 for gate lengths scaled from 120 nm to 70 nm despite the presence of a gate-edge
fringing effect [10]. This improvement in channel velocity begins to saturate with the further
scaling of the devices to 50 and to 30 nm. The continued device improvements in average
channel velocity for sub-70 nm devices results solely from the reduction of the channel length.
Although particles in this region can gain enough kinetic energy from high electric fields
around the gate, they are slowed down by scattering with phonons (mainly by polar optical
phonons and partially even by intervalley phonon transitions).

The drain current and transconductance are plotted in Fig. 4 as a function of gate volt-
age for intrinsic devices for a drain voltage of 1.5 V. The intrinsic transconductance increases
steadily during the scaling process when the gate length is shrunk below 70 nm despite a small
increase in the channel velocity. This means that with a proportional scaling from 120 nm to
30 nm (which includes the gate recess), the gate-fringing effect should have no significant
influence on pHEMT performance. We should point out that when the device gate length
decreases to deep decanano dimensions, it becomes comparable to the inelastic mean-free
path of the carriers. Hence, electrons travelling through the gate region have a high probability
of passing through this region without suffering any collisions. However, the reduction of the
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Figure 4: Transconductance and drain Figure 5: Transconductance and drain

current versus the gate voltage for intrinsiccurrent versus the gate voltage for a set of

devices of the scaled pHEMTs the scaled pHEMTs when external resis-
tances are include.

4. Conclusion

We have performed a Monte Carlo study of the pHEMTS' performance with low indium con-
tent when these devices are scaled into the deep decanano dimensions. We have not incorpo-
rated the phenomena of electron-electron (e-e) interactions into the Monte Carlo module. The
e-e interactions are a fast process, responsible for the thermalization of electrons. Therefore, it
should be considered only in regions with very high electron density. pHEMTs with the
structure shown in Fig. 1 have two regions of high electron density: the heavily doped cap
where changes in electron density have no influence on the drain current, and the delta-doped
layer where the e-e interaction may reduce the induction of electrons into the channel. The
latter is partially compensated for by considering a lower effective delta-doping concentration.
Based on the careful calibration of the pHEMT with 120-nm gate length, we have found a
continuous improvement in the intrinsic device performance with proportional scaling. If we
wish to take advantage of the performance potential of the intrinsic device then contact re-
sistances need to be reduced as much as possible.
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