Stressed out InAIN/GaN fin-
HEMT boosts performance

Record transconductance and electron velocity achieved at room temperature.

esearchers based in Singapore and USA have current, reducing short-channel effects that negatively
R:tress engineered three-dimensional (3D) impact performance in ultra-small devices.
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The devices were
produced on silicon
substrates.

The fin-HEMT structure
(Figure 1) allows for
improved electrostatic
control of the channel
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Figure 2. (a) Drain current versus voltage 6000 T T T I I
(Ios—Vbs), (b) drain current and transconductance ® Fin-HEMT (W 4=200 nm) (a)
(In(9m), 1141 -V,) transfer characteristics of 5000 O Conv. HEMT (W,=25000 nm) |
conventional InAIN/GaN HEMTs and 3D TT-gate Vy=t11to -5 step=-1V
InAIN/GaN NC Fin-HEMTSs. (c) Calculated electron | =3940 mA/mm
velocity (v.) for 3D TT-gate InAIN/GaN NC _, 4000 - T see
fin-HEMT, conventional HEMT, and 2D model. E ...,..u“— A o
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of 3940mA/mm of effective gate width (200nm), E o o0
and transconductance of 1417mS/mm at 6V drain a o..o'. S
bias. The researchers comment: “The observed 2000 — ,:.' seaneseeet®®*® —
Iomax @nd gmmax values are the highest ever u..o".“ lomay=1225 mA/mm
reported in the literature for NC Fin-HEMTs on 1000 | ;:. OOOOOOO00002222222222000;;2:2:ﬁ:::::; |
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Conventional passivated InAIN/GaN HEMTs pro- 'égggoooOOOOOOOOooooogoooooooooooﬂoo
duced along with the fin-HEMTs achieved 0 srresrsrerisrrrensssiiiieresierisiinssassiansetnatl
1225mA/mm maximum drain current. AlGaN/GaN 0 2 4 6 8 10
HEMTs on very expensive silicon carbide (SiC) sub- VpslV]
strates have achieved 4000mA/mm drain current. T T T T[T T [T T[T AT [T T oot

The researchers were variously associated with 10* POmma=1417 mS/mm (Fin) | gin)  (b) ]
Singapore’s Nanyang Technological University and Immax=300 MS/IMM (ConV) _ cearareresmenen
Institute of Materials Research and Engineering - 1500
(IMRE), along with Ohio State University in the USA. | £

The epitaxial structure was grown on high-resistivity | < _
(111) silicon by metal-organic chemical vapor depo- £ £
sition (MOCVD). The barrier layer was Ing 1Al gsN, | = - 1000
separated from the GaN buffer/channel by an AIN = &
spacer. Measurements on Hall van-der-Pauw struc- E i
tures gave a carrier density of 2.74x10*3/cm? and <
mobility of 760cm?/V-s for the two-dimensional -§D 500
electron gas (2DEG) channel at 300K. -

Device fabrication began with mesa isolation and
nano-channel fin formation. The fin height was
12nm. The widths were 176nm or 314nm. The "0

nickel/gold 3D triple gate was formed into T-shapes
with optional silicon nitride passivation/stress layer.

The performance of the NC fin-HEMTs was com- | I ] T
pared with conventional HEMTs. The gate lengths of :
all devices were 170nm. Also, the devices had fixed 7 =t Vggate FlOrREhs] (c)
dimensions for source-gate (850nm) and gate-drain 8x10" - —S— Conv. HEMT ]
(1800nm) separation. - ® - 2D Model

The researchers estimated an electron velocity of —
6.0x10’cm/sec, compared with 3.17x10”cm/sec for 0
the conventional HEMT. The fin-HEMT value is also E
greater than reported drift velocities for -
InAIN/AIN/GaN structures at high electric field of =
3.2x107cm/sec, although AlGaN/GaN structures
have achieved 6.8x10’cm/sec with 0.3MV/cm field
at 4.2K. The researchers suggest that the 3D geom-
etry of the fin-HEMT combined with stress could
alter the optical-phonon spectrum or scattering ] l | |
rates that control electron velocities in the 2DEG. 2 4 6 8x1 012

W ;=200 nm
L;=170 nm

Devices without silicon nitride stress/passivation -2
demonstrated poorer performance. Raman spectro- n[em ]
scopic analysis showed that the silicon nitride intro- http://dx.doi.org/10.1063/1.4906970

duced tensile stress to the fin structures. m Author: Mike Cooke
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