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Abstract:
We report the first observation of ferroelectric gating in AlScN barrier wide-bandgap nitride transistors. 
These FerroHEMT devices realized by direct epitaxial growth represent a new class of ferroelectric 
transistors in which the semiconductor is itself polar, and the crystalline ferroelectric barrier is lattice-
matched to the substrate. The FerroHEMTs reported here use the thinnest nitride high-K and ferroelectric 
barriers to date to deliver a high on-currents at 1.34 A/mm, and highest speed AlScN transistors with fMAX 
> 150 GHz observed in any ferroelectric transistor. The FerroHEMTs exhibit hysteretic Id-Vgs loops with 
subthreshold slopes below the Boltzmann limit. A control AlN barrier HEMT exhibits neither hysteretic 
nor sub-Boltzmann behavior. While these results introduce the first epitaxial high-K and ferroelectric 
barrier technology to RF and mm-wave electronics, they are also of interest as a new material platform 
for combining memory and logic functionalities in digital electronics.

Summary of Research:

Figure 1: (a) Schematic cross-section and (b) SEM image of AlScN/AlN/GaN HEMTs on 
6H-SiC with regrown n+GaN contacts.

The GaN/Al0.86Sc0.14N/AlN/GaN HEMT 
structure consists of a 2 nm GaN cap layer, a 
5 nm Al0.86Sc0.14N barrier, a 2 nm AlN spacer 
(total barrier thickness: 9 nm), a 1000 nm 
unintentionally doped GaN channel, and AlN 
nucleation layer on a SiC substrate, grown 
by plasma assisted molecular beam epitaxy 
(PA-MBE). Room temperature Hall-effect 
measurements with In-dots prior to device 
fabrication showed a 2DEG sheet concentration 
of 2.99 × 1013/cm2 and electron mobility of  
500 cm2/V·s, corresponding to a sheet 
resistance of 417 Ω/sq.

A schematic cross-section of the AlScN/AlN/GaN 
HEMT device with regrown n+ GaN contacts is shown 
in Figure 1(a). The device fabrication process started 
with patterning of a SiO2/Cr mask for n+GaN ohmic 
regrowth by PA-MBE. The pre-regrowth etch depth into 
the HEMT structure was 40 nm, and regrown n+GaN 
was 100 nm with a Si doping level of 7 × 1019/cm3. 
Non-alloyed ohmic contact of Ti/Au was deposited by 
e-beam evaporation. T-shaped Ni/Au (30/350 nm) gates 

were formed by e-beam lithography, followed by liftoff. 
TLM measurements yielded a contact resistance of  
0.31 Ω·mm.

The device presented here has a regrown n+GaN source-
drain distance LSD of 600 nm, a gate width of 2 × 25 µm, 
and a gate length LG of 90 nm. An SEM image of completed 
AlScN/AlN/GaN HEMT is shown in Figure 1(b).
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Figure 2(a) shows the family I-V curves of the device, 
measured for VDS = 0 to 10 V and VGS = 0 to -6 V. The 
device has a saturation drain current IDSS = 1.34 A/mm 
and an on-resistance RON = 1.4 Ω·mm extracted at Vgs = 1 
V. The transfer curves are shown in Figure 2(b). A peak 
extrinsic transconductance gm is 0.46 S/mm at VDS = 5 V. 

Figure 3(a) shows the current gain |h21|2 and unilateral 
gain U of the device as a function of frequency at the 
peak fT bias condition, VDS = 10 V, and VGS = -1.4 V. 

Figure 3: (a) Current gain and unilateral gain of the device with Lg = 90 nm, showing fT / 
fMAX = 78/156 GHz. (b) Comparison of the measured fT and fMAX of AlxSc1-XN/GaN HEMTs.

Figure 2: (a) Family I-V curves and (b) transfer characteristics of the 
device with LG = 90 nm and LSD = 600 nm.

The extrapolation of both |h21|2 and U with -20 dB/dec 
slope gives the current gain cutoff frequency/maximum 
oscillation frequency fT / fMAX of 78/156 GHz after  
de-embedding. The fT and fMAX of the device are 
summarized in Figure 3(b), showing how the results of 
this device compare with the early state-of-art results of 
AlScN/GaN HEMTs on SiC substrates [1-3].
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