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Abstract perimental programme in Glasgow aiming

_ to establish Roadmap benchmarks for high-
The effect of scaling on both the steadyspeed II-V devices.

state and RF performance of pseudomor-

phic high electron mobility transistors isex- 2 Finite element Monte Carlo

tensively studied as thege devices shrmlg to simulator

deep decanano dimensions. Investigation

of appropriately scaled devices with gate The finite element Monte Carlo device

lengths of 120, 70, 50, and 30 nm is per- simulator (MC/H2F) has been used [1] to

formed. The devices exhibit a significant im- investigate electron transport properties in

provement in both transconductance and RFthe pHEMTs. The simulator uses quadri-

response as gate length is reduced, althoughateral elements to depict a complex geom-

device parasitics become a limiting factor. etry of the pHEMTs and accurately calcu-
lates electrostatic effects caused by the gate

1. Introduction and recess geometry as well as the surface

potential pinning. The Monte Carlo mod-

_ _ o ule includes electron scattering with polar

transistors (pHEMTS) with low indium con- optical phonons, inter- and intra-valley op-

tent channels and.2 — 0.1 pm channel .o hhonons, non-polar optical, and acous-

lengths are currently considered to be con-;,. phonons: and ionized and neutral impu-

ventional devices. Nevertheless, their per'rity scattering. In addition, alloy scattering

formance can be enhanced by proper scaly,n syrain effects [2] are considered for the

ing. _ In Fhis work, we .extensively study InGaAs channel of the pHEMT. All scatter-
possible improvements in the performancej,  rates are calculated with a form factor
of pHEMTs as they are scaled to deep de}r

Pseudomorphic high electron mobility

_ ) _ the overlap integral) proposed by Matz [3].
canano dimensions. We have considere

_ '“*“This form factor can be written as
a set of pHEMTSs appropriately scaled in
both lateral and vertical directions withgate (1 + aE)(1+ ¢/E') + 3 aE o/ E/
lengths of 120, 70, 50, and 30 nm. This F= (14 20E)(1 + 20/E") ’

is the first phase of a large (£ 2.6M) ex- (1)
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Figure 1. Simulated and experimentally ob- Figure 2. |-V characteristic of the calibrated
tained drift velocity versus applied electric ~ pHEMT with a gate length of 120 nm. Full
field for Ing 53Gag.47As. symbols are experimental data of the drain
current versus the drain voltage for several
fixed gate voltages. Open symbols repre-
sent a MC simulation when external resis-
tances of the drain and source are included.
The |-V characteristic for an intrinsic device
(dashed line) is shown for comparison, for a
ggate voltage of 0.4 V.

assuming that an electron with an initial
energy E attains a final energy’ after
scattering and thatr and o/ are the non-
parabolicity parameters in the initial and fi-
nal band, respectively.

This enhancement of the analytical ban
model for IlI-V materials allows us to ex-
tend the regime over which we can confi- The whole scaling investigation is based
dently predict electron transport propertieson careful calibration of the MC simula-
up to an electric field 0200 kV/cm. The  tions against an 120 nm gate length pHEMT
drift velocity versus electric field simulation designed and fabricated by the Nanoelec-
of Fig. 1 clearly illustrates that using the tronics Research Centre at the University
form factor (1) can substantially improve of Glasgow. The simulated I-V charac-
agreement with experimental data as well asteristics, obtained directly from MC/H2F,
with the full band simulations of Fischetti represent the behaviour of the intrinsic de-
[4] for bulk Ing53Gay47As at high electric  vice. To compare this with experimental
fields. Note that the analytical band model data the contact resistances of the source
is expected to break down at very high elec-and drain [6] are included in the I-V curves
tric fields (> 200 — 300 kV /cm), at which ~ ata post-processing stage. In this cBse=

point full band models must be used. 522 Q,Rp = 0.6 Q and Rg = 2.4Q.
The final I-V characteristics (open symbols

3. Effect of scaling on pHEMT in Fig. 2) for gate voltages from-1.0 V
performance to 0.4 V are in extremely good agreement

with the experimental data (full symbols in
The pHEMT devices studied here have aFig. 2). The result for an intrinsic device is
T-shaped gate [5] and InGaAs channel with shown by the dashed line for a gate voltage
the indium content = 0.2. of 0.4 V only.
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Figure 3.  Average velocities along the  Figure 4. Transconductance and drain cur-
InGaAs channel for a set of the scaled rent versus the gate voltage for intrinsic de-
pHEMTs when drain and gate voltages are  vices of the scaled pHEMTs.

1.5V and 0.0 V, respectively
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Fig. 3 shows the rapid increase in average g [ -0~ Gate= 70 nm e lg
channel velocity as pHEMT gate length is B Gate=50 nm .~ N
] ) — e S
scaled from 120 to 70 nm. This improve- of © Gate=30nm 7 R

ment saturates with further scaling in the 50
and 30 nm devices, with continued device
improvements resulting solely from the de-
creasing source-drain distance. The drain
current and the transconductance as a func ~ ® o5 0o o8
tion of gate voltage are plotted in Fig. 4 for Gate Voltage [V]

intrinsic devices. Fig. 5 illustrates the effect

of the external contact resistances on the de

vice performance, assuming that the valuefigure 5. Transconductance and drain

of these resistances remains unchanged icurrent versus the gate voltage for scaled
the scaling process. Influence of the externalPHEMTs with external resistances included.
resistances on the device performance (both

on the drain current and the transconduc-ified Ramo-Shockley approach [7] reducing
tance) becomes increasingly important with the effects of statistical noise over purely su-
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the reduction in device scale. perparticle counting methods. Structure and
doping dependent THz oscillations in de-
4. RF Analysis vice drain currents (possibly due to plasma

oscillations in the channel or heavily doped
The MC/H2F simulator is also used to regions) may mask the detailed form of
carry out device RF analysis. Step voltagethe transients and multiple traces are aver-
changes are applied to the gate, and then taged to define the response. Complex
the drain contacts. Transient responses ar@arameters are derived by Fourier analy-
recorded for a period af.0 ps using a mod- sis of the terminal currents, and the intrin-
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