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Self-aligned Ni-InGaAs as
source—drain for InGaAs

MOSFET

Nickel-InGaAs alloy reduces source—drain resistance to fifth of value

for n-type InGaAs MOSFETs.
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transistors (nMOSFETSs)
[SangHyeon Kim et al,
Appl. Phys. Express,
vol4, p024201, 2011].
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The self-aligned process is seen as an important
potential ingredient of a manufacturable device.

Silicon complement MOSFET (CMOS) processes
presently use a self-aligned silicide (*SAlicide”) S/D
process. The self-alignment refers to using previously
patterned structures rather than a separate lithographic
process (that would require precise alignment) to form
the S/D contact regions.

InGaAs devices are being developed with a view to
enhancing the performance of the CMOS logic circuits
that are at the base of present day electronics.

In particular, as these devices become smaller, the
electronic properties of silicon are not sufficient to
overcome a series of ‘short-channel effects’. InGaAs is
attractive because it has a much higher mobility than
silicon (but also has other problems that are being
intensively worked on by researchers).
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Figure 1. Fabrication process for InGaAs MOSFET with self-aligned metal S/D structure.

The Tokyo/NAIST/Sumitomo process starts with
metal-organic chemical vapor deposition (MOCVD) of
p-type InGaAs on indium phosphide substrates (Figure 1).
This is followed by atomic layer deposition (ALD) of
10nm aluminum oxide (Al,O3) insulating material.

A nickel gate is then formed by electron-beam deposition
and lithographic patterning.

After the gate has been formed, a further 30nm of
nickel is deposited to create the S/D regions. Ni-InGaAs
alloying is achieved through a rapid thermal anneal at
250°C for 1 minute. Hydrochloric (HCI) acid solution
was used to remove unreacted Ni, leaving just the
Ni-InGaAs alloy.

Aluminum metal was used for the S/D electrodes.

A back contact electrode of gold-zinc was also applied.

The device had a gate length of 5um and a width of
150um. These figures are a way off from today’s 32nm
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(~ 5um/150) technology and future devices seeking
gate lengths less than 18nm.

With an Iny-,Gag sAs channel (Figure 2a), the device
achieved on/off current ratio of 10* and subthreshold
slope of 147mV/dec (a low figure indicates a desirable
sharp turn-on of current). Other III-V devices have
achieved 120mV/dec and better. Silicon CMOS
achieves around 70mV/dec.

Before producing MOSFETs, the Tokyo/NAIST/
Sumitomo team characterized Ni-InGaAs as an S/D
material. This meant finding ways to reduce its sheet
resistance and its Schottky barrier height with the
InGaAs channel.

The researchers performed a rapid thermal anneal
(RTA) of Ni on InGaAs over a range of temperatures,
finding that above 250°C a Ni-InGaAs alloy is formed
with a sheet resistance of around 25€2/square. The
ability to use RTA in such a way to create Ni-InGaAs is
reported as ‘a new finding’. This is around a third of the
value of maximum conductivity n-type InGaAs
(~80Q/square).

Transmission electron microscopy (TEM), transmis-
sion electron (TED) and x-ray (XRD) diffraction were
used to study the crystal properties of the alloy. Higher
RTA temperatures were found to result in structures
with a smaller lattice constant.

In order to operate as S/D material, Ni-InGaAs alloy
needs to make ohmic contact with the p-type InGaAs

channel. The researchers ;

studied the electrical SChOtt_ky diode

properties of Schottky ~ behavior was weakest

diode formations of Ni-  at the higher indium

InGaAs alloy onn-and  cqpcentrations, and

p-type InGaAs with vari- t t

ous In contents (In = emperature i

40%, 53%, 60%, 70%, dependence studies

80%). Schottky diode  extracting the

behavior was weakest at Schottky barrier
height revealed that

the barrier was zero

the higher indium con-
centrations, and temper-
above 70% In

ature dependence
studies extracting the
Schottky barrier height
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The researchers produced a number of MOSFETs with
different In content channels (53% and above), along
with controls with n-type InGaAs S/D regions. The S/D
resistances of the various devices were 38.7, 17.6,
5.72 and 2.73kQ-um for InGaAs channels with In con-
tents of 53%, 60%, 70% and 80%, respectively. The
S/D resistance of the best devices is about a fifth of
that for the control devices. The mobilities were also
determined (Figure 2b), with the 70% and 80%
devices respectively achieving peak values of 2000 and
1810cm?/V-s. The researchers suggest that Schottky
barrier effects (increasing the S/D resistance) reduce
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Figure 2. (a) I, and I; versus Vg characteristics of an
Iny,Gay3As MOSFET with self-aligned metal S/D.

(b) Electron mobility versus the channel electron sheet
density (Ng) characteristics in In,Ga;_,As MOSFETSs.

The Si electron mobility is also shown. The enhancement
for InGaAs over Si is up to 3.8x at Ng of 8x10'2/cm?.

the effective mobility values for InGaAs channels with
lower In content. m
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