|88 Technology focus: 1llI-V MOSFETs
Vertical spacers for tighter
Integration of 111-V MOSFETs

UCSB has demonstrated a device with the highest peak
transconductance for any 111-V MOSFET to date.

niversity of California Santa Barbara 2.5 nm HfO,
l ' (UCSB) researchers have been studying (a)

the effect of using undoped vertical \—f (SID
spacers in the source and drain contacts to Ti/Pd/Au Ni/Au metal)
reduce off-state leakage in indium arsenide | (gate
(InAs)-channel metal-oxide-semiconductor N+ Ings3GaAs metal) (Regrown S/D)
field-effect transistors (MOSFETs) [Sanghoon Spacer ¢ Ino 53GaAs (Cap)
Lee et al, Appl. Phys. Lett., vol103, p233503, INo.caGaAs sub-channel
2013]. The team used the technique to InAs channel
achieve the highest peak transconductance Ing.53GaAs sub-channel

value for any I11-V MOSFET to date.
I11-V MOSFETs are being developed with a
view to high performance in very large-scale

InAlAs Barrier Pulse doping
P-type doped barrier

integration (VLSI) ICs. Although some prom- InP (Substrate)

ising results have been reported, the devices

tend to be larger than desired due to the need Samp]e A B C
to reduce leakage currents in the off-state.

In particular, the source and drain contacts

are difficult to shrink or to move closer to the Spacer (nm) 3 8 8
gate edge. One reason for this is the need to

reduce the size of the electric fields that cause InAS Channel (nm) 6 6 45

leakage at high drain bias. The UCSB vertical
spacers are designed to reduce these fields
without increasing source-drain distances. (b)
Solid-source molecular beam epitaxy (SS-MBE)
on indium phosphide (InP) substrates was
used to create samples for three device types
(Figure 1). Under the channel was a series of
indium aluminium arsenide (InAlAs) layers: a
50nm unintentionally doped buffer, a 250nm
p-type barrier, a 2nm pulse-doped n-type
region, and a 5nm unintentionally doped
setback. The transistor layers consisted of a
3nm indium gallium arsenide (Ing 53Gag 47AS)
sub-channel, 6nm InAs strained channel, and
3nm lIng 55Gag 47AS upper cladding. The struc-
ture was capped with 5nm of Ing 53Gag 47AS,
which was doped n-type in one case (sample A) Figure 1. (a) Schematic cross-section of device structure.
and undoped in two cases (samples B and C). Table defines differences between three experimental samples.
The source/drain regions were created by (b) High-angle annular dark field (HAADF) scanning

first forming a dummy gate of patterned transmission electron microscopy (STEM) cross-sections of
150nm spin-on hydrogen silsesquioxane 55nm-gate-length device based on sample C.

(HSQ) and then selective re-growth of 60nm

of heavily n-type llng 55Gag 47,AS using metal-organic dummy gate removal using a buffered oxide etch.
chemical vapor deposition (MOCVD). Digital etch of the gate region removed all of the cap

Transistor fabrication started with mesa isolation and and some or all of the upper cladding. In sample C, the

semiconductor TODAY Compounds&AdvancedSilicon = Vol. 8 « Issue 10 = December 2013/January 2014 www.semiconductor-today.com



Technology focus: IlI-V MOSFETs 89

digital etch
continued
1.5nm into the
InAs channel.

The processing
continued in an
atomic layer
deposition
(ALD) system,
where the sam-
ples were
cleaned and
passivated
before deposit-
ing hafnium
dioxide as a
gate insulator.
The devices
were then
annealed at
400°C for
15 minutes in
forming gas
(5% hydrogen,
959%b nitrogen).
Nickel/gold was
used for the
gate electrode.
The
source/drain
electrodes were
titanium/palla-
dium/gold.

In two 75nm-
gate-length
devices based
on samples A
and B, the
increased

spacer height of 8nm (compared with 3nm) reduced
off-state leakage five-fold at a gate potential of —0.3V
and drain bias of 0.5V. The peak transconductances
(g, of devices A and B were roughly the same over
the range of gate lengths 60nm to 1pum. The peak gm
with a 60nm gate was 2.7mS/um, which the
researchers claim as a record “in any 111-V MOSFET
technology to date”. The increased spacer height of
sample B also reduced, and hence improved, the sub-
threshold swing (SS) by 10-15% over the same gate
length range. At 60nm gate length, SS was

125mV/dec.

Although the on-resistance extrapolated to zero gate
length was slightly higher in sample B (190Q-um,
compared with 181Q-um for sample A), the discrep-
ancy was within fitting error, according to the

researchers.
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Figure 2. (a) Subthreshold swing versus gate length (Ly), at 100mV and 500mV drain bias
(Vps), for samples B and C. (b) Peak transconductance versus Ly, at 500mV Vpg, for samples
B and C. (c) Drain current versus gate potential and transconductance of sample C at 55nm L.
(d) Drain current versus gate potential of sample C at 1um L.

The effect of bringing the gate closer to the channel in
sample C devices was to reduce peak gm by about 10%,
while improving SS (Figure 2). The better SS is attributed
to the better electrostatic control of the gate and the
larger bandgap arising from the quantum confinement of
the channel (—0.50eV compared with ~0.44eV, accord-
ing to Schroédinger—Poisson modeling). The reduced g,,
is possibly due to surface roughness scattering effects.

A 55nm-gate sample C transistor had an SS of
96mV/dec and gm of 2.4mS/um at 0.5V drain bias.
With a 1pA/pm drain current threshold, the voltage
was 60mV and the drain-induced barrier lowering
(DIBL) was 130mV/V. A 1um gate length with sample
C reduced SS to 70mV/dec. This value gives an esti-
mate for the interface trap density of 5x10'%/cm?-eV. m
http://dx.doi.org/10.1063/1.4838660
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