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Abstract—This letter reports GaN-on-Si high-electron-
mobility-transistors (HEMTs) employing reactive-sputtered
Ge-doped n**-GaN ohmic contacts for low-voltage FR2
applications. A low sputtered n**-GaN/2DEG interfacial
resistance of 0.06 Q-mm is achieved for the InAIN/GaN
heterostructure. The transistor achieves a low on-
resistance of 0.91 Q-mm and a maximum drain current of
2.03 A/mm, resulting in excellent output power of 0.51, 1.25,
and 2.44 W/mm at Vps = 3, 5, and 8 V at 28 GHz, respectively.
These results demonstrate the strong potential of RF GaN
HEMTs employing sputtered n**-GaN ohmic contacts.

Index Terms—InAIN/GaN, sputtered ohmic contacts, RF
HEMT, low voltage operation, FR2.

I. INTRODUCTION

The FR2 user equipment market, covering 5G mm-wave
bands such as n258 (24.25-27.5 GHz), n260 (37-40 GHz), and
n261 (27.5-28.35 GHz), represents a tremendous opportunity
for GaN-on-Si HEMTs, owing to their high power, high
efficiency, large-scale manufacturability, and low cost [1], [2].
However, such applications typically require low supply
voltages (<10 V), making efficient operation a critical challenge
for wide-bandgap semiconductors, as device performance is
strongly constrained by on-resistance (R,,). Thus, it is
necessary to introduce advanced device technologies, including
high electron density heterostructures [3], [4] and regrown
ohmic contacts which reduce parasitic resistance [5], [6], [7].

To achieve low contact resistance (R.), regrown ohmic
contact techniques based on molecular beam epitaxy (MBE)
and metal-organic chemical vapor deposition (MOCVD) have

been widely used, achieving contact resistances below 0.2
Q-mm [6], [8], [9], [10], [11], [12], [13]. Although MBE-
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regrown n-GaN typically offers higher Si dopant concentration
and improved uniformity [14], [15], [16], its low growth rate
and limited wafer size restrict throughput and scalability. In
contrast, MOCVD supports large-wafer processing but suffers
from Si dopant incorporation limitations due to heavy
compensation effects [17], [18]. Furthermore, both approaches
generally require temperatures exceeding 750 °C [9],
introducing additional challenges for process integration.
Recently, low-resistivity sputtered n-GaN has been
successfully deposited using sputtering systems [19], [20], [21],
and pulsed-sputtered n-GaN with Si-doping has been
demonstrated for ohmic contacts on AlGaN/GaN
heterostructures [22], indicating its promise for GaN HEMTs.
Sputtered n-GaN has also offered low resistance ohmic contacts
with higher achievable concentration, higher deposition rate,
lower cost and low temperature deposition, which align well
with the requirement for reduced R, in low-voltage GaN-on-Si
HEMTs. However, the integration of such a technique in RF
GaN HEMTs has not yet been demonstrated.

This work demonstrates the use of reactive-sputtered Ge-
doped n"™*-GaN ohmic contacts for the InAIN/GaN
heterostructure, and its integration in an RF GaN HEMT. Ge
doping (in this work, 1.9x10?! ¢cm™) enables higher doping
concentrations than conventional Si doped n-GaN. The
characterized transistor achieved low R,, of 0.91 Q-mm and a
high Ip e > 2 A/mm, even with a relatively large source-drain
distance (Lsp) of 2.5 um. Excellent saturated output power (Psa)
was achieved at 3 to 8 V at 28 GHz. These results demonstrate
the strong potential of reactive-sputtered Ge-doped n"*GaN
ohmic contacts for low voltage RF transistors.

II. FABRICATION AND OHMIC CHARACTERIZATION

The designed GaN-on-Si HEMT structure is presented in Fig.
1. The epitaxial stack, from top to bottom, consists of a 2 nm
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Fig. 1. InAIN/GaN-on-Si HEMTs employing reactive-sputtered n**-GaN
ohmic contacts. (a) Schematic of the designed device structure. (b)
Transmission electron microscopy (TEM) image of the T-gate and
passivation.



SiN cap, a 7 nm InAIN barrier, a 2 nm AIN spacer, an 80 nm
GaN channel, a 250 nm AlGaN back barrier (BB), and a C-
doped GaN buffer grown on high-resistivity Si (111) substrate
(5 kQ-cm) by MOCVD. The combination of a thin GaN
channel and an AlGaN back barrier provides strong electron
confinement, effectively suppressing short-channel effects and
mitigating trapping effects originating from the buffer [23].
Hall measurements indicate a carrier sheet density (Ny) of
2.26x10" c¢cm™2, electron mobility (u) of 1442 cm?/V's, and
sheet resistance (R,,) of 190 Q/sq. The devices feature a source-
drain distance (Lsp) of 2.5 pm (n**-GaN to n**-GaN), a n-shaped
gate-feed configuration with a total gate width () of (2x16)
pm, and a gate length (L) of 85 nm. The gate-edge-to-source
n**-GaN spacing (Lg;) is designed to be 1 pm. The contact metal
is separated by 1 um from the edges of the n*"-GaN regions in
all characterized patterns.

The device fabrication flow is illustrated in Fig. 2(a). The
ohmic region was recessed by 50 nm using Cl-based
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Fig. 2. (a) Fabrication process of the InAIN/GaN-on-Si HEMTs with
sputtered n**-GaN regrown ohmic contacts. (b) Scanning electron
microscopy (SEM) image of the boundary between active and ohmic
regions before and after lift-off. (c) Element concentrations in the n**-
GaN region from SIMS. (d) TLM measurements on both HEMT structure
and regrown n**-GaN, which indicate an n**-GaN/2DEG interfacial
resistance of 0.06 Q-mm.
TABLE |
RF GaN-HEMTs using regrown and sputtered GaN ohmic contacts

Rontan Rsnncan Re2pEG

Barrier Method Dopant (ﬂ~)mm (Q/sq) (Q'mm) Affiliation
InAIN Sputter  Ge 0.02 51 0.06 This Work
AlGaN  PSD Si 0.06 8 0.21 U Tokyo 24 [22]
InAIN  MBE Si 0.05 99 - Cornell 20 [9]
InAIN  MBE Si 0.06 67 0.08 Notre Dame '12 [8]
InAIN MOCVD  Si 0.04 142 0.11 CAS 21 [34]
InAIN MOCVD  Si 0.05 31 0.1 Xidian 23 [11]
InAIN MOCVD  Si - 90 0.04 IMEC 24 [34]
InAIN MOCVD  Si 0.02 190 0.02 ,

AIN MOCVD Si 0.02 100 - IMEC 25 [13]
AlGaN MOCVD  Ge 0.08 - 0.05 Panasonic '16 [35]

AIN  MBE Si 0.03 81 0.06 Xidian 23 [10]

*The data were extracted according to the reported values, where available.
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Fig. 3. DC characteristics of a transistor with L, = 85 nm, Lsp = 2.5 pm,
and W, = 2x16 pm. (a) Output /p-Vps characteristics. (b) Transfer Ip (gm)-

Vs characteristics.
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Fig. 4. (a) Small-signal performance, showing fi/fmax = 131/249 GHz
(after de-embedding) at Vps=5 V. (b) Dependency of f/fmnax 0n Vps. The
data were measured after TRL calibration and de-embedded using on-
wafer open and short patterns.

inductively coupled plasma reactive ion etching (ICP-RIE).
After cleaning by organic solvents, an SC-2 (HCI/H:0,)
pretreatment for conducted for 5 min. 80 nm Ge-doped n**-GaN
was grown at 600 °C at a rate of 6.3 nm/min in a radical-
enhanced reactive sputtering system [20]. Each source was
sputtered with an Ar gas plasma generated by a DC or RF
generator. The sputtered Ga and Ge particles, along with N
radical source, reached the substrate surface and underwent
chemical reactions. As shown in Fig. 2(b), a clear boundary
between the polycrystalline and deposited crystalline GaN
regions could be observed. 25% tetramethylammonium
hydroxide (TMAH) solution was used to selectively etch the
polycrystalline GaN at room temperature, followed by a short,
buffered oxide etch (BOE) treatment to remove the regrowth
hard mask while minimizing damage to the in-situ SiN cap
layer, which serves directly as the gate dielectric in the MIS-
gate structure. Preserving the integrity of the in-situ SiN layer
effectively suppresses interface-state-induced trapping effects.
An average Ge doping concentration of 1.9x10%' cm™ was
obtained in the sputtered n*"-GaN, according to secondary-ion
mass spectrometry (SIMS) (Fig. 2(c)). This doping
concentration resulted in a carrier concentration of 2.1x10%°
cm 3, characterized by Hall measurement. Based on transfer
length method (TLM) performed on HEMT structure and n**-
GaN (Fig. 2(d)), the total contact resistance (R.) of 0.126 Q-mm,
the n™-GaN/Metal interfacial resistance (Rcucav) of 0.015
Q-mm, and the n""-GaN sheet resistance (R 1canv) of 51.7 Q/sq.
were extracted. The lateral resistance within the n**-GaN layer
(RuGan) is calculated as 0.052 Q-mm based on the measured
sheet resistance and the designed spacing. By subtracting
RenGav and Rugev from the total R., the n™"-GaN/2DEG
interfacial resistance (R.2peg) is extracted to be 0.059 Q-mm.
The extracted Ry, from TLM measurements is 191 €/sq, which
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Fig. 5. Power performance of the characterized device at 28 GHz. (a)
Power sweep at Vps = 5 V. (b) Psx and peak PAE vs. Vps ranging from
3 to 8 V. Benchmark of the fabricated device with other GaN-on-Si
HEMTs at 26—-30 GHz. (c) Psa vs. peak PAE. (d) Psa vs. Vps. This work
achieves excellent P,y across the benchmarked range of Vps.

is consistent with Hall measurements performed on the as-
grown wafer, indicating that the low-temperature sputtering
process introduces negligible degradation to the heterojunction
quality. Additionally, TLM measurements conducted before
and after heating up to 500 K exhibit consistent characteristics,
indicating stable and recoverable behavior without permanent
degradation at elevated temperatures.

The performance of the sputtered GaN ohmic contacts was
benchmarked with other RF InAIN/GaN HEMTs using
regrown ohmic contacts in Table I. Reactive-sputtered n**-GaN
achieves low contact resistance at both interfaces and R ucan,
comparable to typical values obtained using MBE or MOCVD.
The reactive sputtering deposition achieved the highest doping
concentration and lowest deposition temperature among the
reported techniques, while ensuring competitive ohmic contacts
at a fast deposition rate. Although R.:pec is relatively low
compared with reported values, it can be further reduced toward
the theoretical limit (0.017 Q-mm) defined by the single-
interface quantum injection limit [14], [24] by employing
damage-free atomic layer etching (ALE) and improved surface
recovery treatments.

lll. RESULTS AND DISCUSSION

As shown in Fig. 3(a)—(b), Ipma of 2.03 A/mm, low R,, of
0.91 Q-mm, and gyumax of 0.65 S/mm were achieved despite the
large Lsp, thanks to the Ge-doped reactive-sputtered n**-GaN
ohmic contacts and InAIN/GaN epitaxial structure. The MIS-
gate structure with the well-preserved in-situ SiN as dielectric
and vertically scaled structure enabled good gate control,
therefore achieving low leakage and high on/off ratio >1.0x10°
(Fig. 3(b)). To further evaluate trapping effects and validate the
effectiveness of the preserved in-situ SiN cap layer and the
additional ex-situ  bilayer passivation, pulsed -V
measurements were performed. The device exhibits a current
collapse of 5% and 23% for the gate-lag (Vs,0, Vpso) = (-5, 0)

V and both lag (Vaso, Vbso) = (-5,10) V, respectively. The
observation of f,..« > 200 GHz even at Vps =3 V is indicating
the strong potential of the fabricated transistor for low-voltage
FR2 applications (Fig. 4(c)—(d)).

Load-pull measurements were performed at 28 GHz using
passive tuners under continuous-wave mode, with Vpsg <8 V.
The device was biased at Vs = —2.9 V (corresponding to the
peak fua) and was tuned for optimum power. At Vps=53) V,
a peak PAE of 50 (49) % with an associated output power (Pou)
0f 0.66 (0.26) W/mm was achieved, as shown in Fig. 5(a). And
a saturated output power (Psy) of 1.25 W/mm (0.51 W/mm)
with associated PAE value of 41% (32%) was obtained.
Benefiting from the preserved in-situ SiN cap layer and the
additional ex-situ bilayer passivation, Py, scales nearly linearly
with Vps, reaching 2.44 W/mm at 8 V (Fig. 5(b)), indicating
minimal degradation from surface trapping [25].

A benchmark of low-voltage GaN-on-Si HEMTs in 26-30
GHz reveals that, the fabricated transistor achieves excellent
power performance at low voltage (Fig. 5(c)—(d)). This is
enabled by the reactive-sputtered n™*-GaN ohmic contacts,
whereas several other reported transistors in this (low) voltage
range employed MOCVD- or MBE-regrown GaN ohmic
contacts, or aggressive lateral scaling. The combination of low-
resistance ohmic contacts using reactive sputtering of GaN with
Ge-doping, a high-current InAIN/GaN channel, and a vertically
scaled structure with a thin channel and AlGaN back barrier
ensures low R,u, high Ipm., and strong 2DEG confinement,
resulting in high power and linear gain. In addition, the
combination of both in-situ and ex-situ passivation provides
effective surface traps passivation. These combined epitaxial
and process optimizations enable the outstanding power
performance across the entire low-voltage operating range.
Further improvements are expected through device scaling,
particularly by reducing Lsp.

IV. CONCLUSION

This work demonstrated RF GaN HEMTs on Si substrate with
Ge-doped sputtered n**-GaN ohmic contacts. Enabled by the
reactive-sputtered Ge-doped n*"-GaN ohmic contacts, the
fabricated InAIN/GaN-on-Si HEMTs achieve low n*'-
GaN/2DEQG interfacial resistance, low R,,, high Ip ., and high
fmax starting at Vps= 3 V despite a relatively large Lsp, resulting
in excellent Py, across the benchmarked V'psrange of 3-8 V. The
observation of promising performance in low voltage FR2
operation validates reactive-sputtered n""-GaN ohmic contacts as
a promising ohmic contact technology for the next-generation RF
GaN HEMTs.

REFERENCES

[1] Y. Zhou et al., “Analysis of Low Voltage RF Power Capability on
AlGaN/GaN and InAIN/GaN HEMTs for Terminal Applications,”
IEEE J. Electron Devices Soc., vol. 9, pp. 756-762, 2021, doi:
10.1109/JEDS.2021.3103847.

[2] K. Hoo Teo et al., “Emerging GaN technologies for power, RF,
digital, and quantum computing applications: Recent advances and
prospects,” Journal of Applied Physics, vol. 130, no. 16, p. 160902,
Oct. 2021, doi: 10.1063/5.0061555.

3] S. Arulkumaran ez al., “Electron velocity of 6 x 107 cm/s at 300 K in
stress engineered InAIN/GaN nano-channel high-electron-mobility
transistors,” Applied Physics Letters, vol. 106, no. 5, p. 053502, Feb.
2015, doi: 10.1063/1.4906970.



[10]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

(21]

S. Arulkumaran et al., “In0.17A10.83N/AIN/GaN Triple T-shape Fin-
HEMTs with gm=646 mS/mm, ION=1.03 A/mm, IOFF=1.13 pA/mm,
SS=82 mV/dec and DIBL=28 mV/V at VD=0.5 V,” in 2014 IEEE
International Electron Devices Meeting, Dec. 2014, p. 25.6.1-25.6.4.
doi: 10.1109/IEDM.2014.7047109.

H. W. Then et al., “Advanced Scaling of Enhancement Mode High-K
Gallium Nitride-on-300mm-Si(111) Transistor and 3D Layer Transfer
GaN-Silicon Finfet CMOS Integration,” in 2021 IEEE International
Electron Devices Meeting (IEDM), San Francisco, CA, USA: IEEE,
Dec. 2021, p. 11.1.1-11.1.4. doi: 10.1109/IEDM19574.2021.9720710.
Y. Zhou et al., “High performance millimeter-wave InAIN/GaN
HEMT for low voltage RF applications via regrown Ohmic contact
with contact ledge structure,” Applied Physics Letters, vol. 120, no. 6,
p. 062104, Feb. 2022, doi: 10.1063/5.0079359.

Y. Zhuang et al., “GaN-on-Si HEMT Technology for mm-Wave
Mobile T/R Modules Demonstrating Concurrent High Efficiency (>60
%) and Low Noise (<1.2 dB),” IEEE Electron Device Letters, pp. 1-1,
2026, doi: 10.1109/LED.2026.3651778.

Y. Yue et al., “InAIN/AIN/GaN HEMTs With Regrown Ohmic
Contacts and fy of 370 GHz,” IEEE Electron Device Letters, vol. 33,
no. 7, pp. 988-990, Jul. 2012, doi: 10.1109/LED.2012.2196751.

L. Li et al., “GaN HEMTs on Si With Regrown Contacts and
Cutoff/Maximum Oscillation Frequencies of 250/204 GHz,” IEEE
Electron Device Lett., vol. 41, no. 5, pp. 689-692, May 2020, doi:
10.1109/LED.2020.2984727.

L. Qin et al., “MBE-Regrowth Ohmics in AIN/GaN HEMTs with the
Rc 0of 0.09 Q'mm,” in 2023 IEEE MTT-S International Microwave
Workshop Series on Advanced Materials and Processes for RF and
THz Applications (IMWS-AMP), Chengdu, China: IEEE, Nov. 2023,
pp. 1-3. doi: 10.1109/IMWS-AMP57814.2023.10381367.

J. Guo et al., “Low-resistance ohmic contacts on InAIN/GaN
heterostructures with MOCVD-regrown n* -InGaN and mask-free
regrowth process,” Chinese Phys. B, vol. 32, no. 3, p. 037303, Mar.
2023, doi: 10.1088/1674-1056/ac891b.

H. Qie et al., “Selective area epitaxy of degenerate n-GaN for HEMT
ohmic contact by MOCVD,” Applied Physics Letters, vol. 121, no. 21,
p- 212106, Nov. 2022, doi: 10.1063/5.0129997.

A. Alian et al., “High Power/PAE (27.8dBm/66%) Emode GaN-on-Si
MOSHEMTs for 5V FR3 UE Annlications,” in 2025 Symposium on
VLSI Technology and Circuits (VLSI Technology and Circuits),
Kyoto, Japan: IEEE, Jun. 2025, pp. 1-3. doi:
10.23919/VLSITechnologyandCir65189.2025.11075139.

J. Guo et al., “MBE-Regrown Ohmics in InAIN HEMTs With a
Regrowth Interface Resistance of 0.05 @mega\cdot\hboxmm,” IEEE
Electron Device Letters, vol. 33, no. 4, pp. 525-527, Apr. 2012, doi:
10.1109/LED.2012.2186116.

F. Afroz Faria et al., “Ultra-low resistance ohmic contacts to GaN
with high Si doping concentrations grown by molecular beam
epitaxy,” Applied Physics Letters, vol. 101, no. 3, p. 032109, Jul.
2012, doi: 10.1063/1.4738768.

L. Lugani et al., “n+ -GaN grown by ammonia molecular beam
epitaxy: Application to regrown contacts,” Applied Physics Letters,
vol. 105, no. 20, p. 202113, Nov. 2014, doi: 10.1063/1.4902347.

N. Hatui ef al., “Ultra-high silicon doped N-polar GaN contact layers
grown by metal-organic chemical vapor deposition,” Semicond. Sci.
Technol., vol. 35, no. 9, p. 095002, Sep. 2020, doi: 10.1088/1361-
6641/ab9727.

D. Schiavon, E. Litwin-Staszewska, R. Jakieta, S. Grzanka, and P.
Perlin, “Effects of MOVPE Growth Conditions on GaN Layers Doped
with Germanium,” Materials, vol. 14, no. 2, p. 354, Jan. 2021, doi:
10.3390/ma14020354.

Y. Arakawa, K. Ueno, H. Imabeppu, A. Kobayashi, J. Ohta, and H.
Fujioka, “Electrical properties of Si-doped GaN prepared using pulsed
sputtering,” Applied Physics Letters, vol. 110, no. 4, p. 042103, Jan.
2017, doi: 10.1063/1.4975056.

S. Yamada, M. Shirai, H. Kobayashi, M. Arai, T. Kachi, and J. Suda,
“Realization of low specific-contact-resistance on N-polar GaN
surfaces using heavily-Ge-doped n-type GaN films deposited by low-
temperature reactive sputtering technique,” Appl. Phys. Express, vol.
17, no. 3, p. 036501, Mar. 2024, doi: 10.35848/1882-0786/ad2783.

K. Ueno, T. Fudetani, Y. Arakawa, A. Kobayashi, J. Ohta, and H.
Fujioka, “Electron transport properties of degenerate n -type GaN
prepared by pulsed sputtering,” APL Materials, vol. 5, no. 12, p.
126102, Dec. 2017, doi: 10.1063/1.5008913.

[22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

(31]

[32]

[33]

[34]

[33]

[36]

R. Maeda, K. Ueno, and H. Fujioka, “Pulsed sputtering selective
epitaxial formation of highly degenerate n-type GaN ohmic contacts
for GaN HEMT applications,” Appl. Phys. Express, vol. 17, no. 1, p.
011006, Jan. 2024, doi: 10.35848/1882-0786/ad16ac.

A. Shanbhag, F. Grandpierron, K. Harrouche, and F. Medjdoub,
“Physical insight of thin AlGaN back barrier for millimeter-wave high
voltage AIN/GaN on SiC HEMTSs,” Applied Physics Letters, vol. 123,
no. 14, p. 142102, Oct. 2023, doi: 10.1063/5.0168918.

B. J. Van Wees et al., “Quantized conductance of point contacts in a
two-dimensional electron gas,” Phys. Rev. Lett., vol. 60, no. 9, pp.
848-850, Feb. 1988, doi: 10.1103/PhysRevLett.60.848.

Z.H. Liu, G. I. Ng, H. Zhou, S. Arulkumaran, and Y. K. T. Maung,
“Reduced surface leakage current and trapping effects in AlGaN/GaN
high electron mobility transistors on silicon with SiN/A1203
passivation,” Applied Physics Letters, vol. 98, no. 11, p. 113506, Mar.
2011, doi: 10.1063/1.3567927.

H. W. Then et al., “Gallium Nitride and Silicon Transistors on 300
mm Silicon Wafers Enabled by 3-D Monolithic Heterogeneous
Integration,” IEEE Trans. Electron Devices, vol. 67, no. 12, pp. 5306—
5314, Dec. 2020, doi: 10.1109/TED.2020.3034076.

H. W. Then et al., “3D heterogeneous integration of high performance
high-K metal gate GaN NMOS and Si PMOS transistors on 300mm
high-resistivity Si substrate for energy-efficient and compact power
delivery, RF (5G and beyond) and SoC applications,” in 2019 [EEE
International Electron Devices Meeting (IEDM), San Francisco, CA,
USA: IEEE, Dec. 2019, p. 17.3.1-17.3.4. doi:
10.1109/IEDM19573.2019.8993583.

E. Morvan et al., “6.6W/mm 200mm CMOS compatible AIN/GaN/Si
MIS-HEMT with in-situ SiN gate dielectric and low temperature
ohmic contacts”, in 2023 IEEE International Electron Devices
Meeting (IEDM), San Francisco, CA, USA: IEEE, Dec. 2023, doi:
10.1109/IEDM45741.2023.10413676.

H. Du et al., “High-Performance AIN/GaN MISHEMTs on Si With
In-Situ SiN Enhanced Ohmic Contacts for Mobile mm-Wave Front-
End Applications,” IEEE Electron Device Lett., vol. 44, no. 6, pp.
911-914, Jun. 2023, doi: 10.1109/LED.2023.3265058.

H. Li et al., “AIN/GaN/AlGaN-on-Si HEMT Achieving 1.3 W/mm at
5V for 5G FR2 Handsets,” IEEE Electron Device Letters, vol. 45, no.
12, pp. 2315-2318, Dec. 2024, doi: 10.1109/LED.2024.3483888.

B. Parvais et al., “GaN-on-Si mm-wave RF Devices Integrated in a
200mm CMOS Compatible 3-Level Cu BEOL,” in 2020 IEEE
International Electron Devices Meeting (IEDM), Dec. 2020, p. 8.1.1-
8.1.4. doi: 10.1109/IEDM13553.2020.9372056.

V. Johnson et al., “200-mm Enhancement-mode low-knee-voltage
GaN-on-Si MISFETs for high- frequency handset applications,”
presented at the CS Mantech, 2024.

L. Zhang et al., “Optimization of selective-area regrown n-GaN via
MOCVD for high-frequency HEMT,” Applied Physics Letters, vol.
119, no. 26, p. 262104, Dec. 2021, doi: 10.1063/5.0077937.

S. Banerjee et al., “Metal-Organic Chemical Vapor Deposition
Regrowth of Highly Doped n* (In)GaN Source/Drain Layers for Radio
Frequency Transistors,” Physica Status Solidi (a), vol. 221, no. 21, p.
2400069, Nov. 2024, doi: 10.1002/pssa.202400069.

A. Suzuki, S. Choe, Y. Yamada, N. Otsuka, and D. Ueda, “NiO gate
GaN-based enhancement-mode hetrojunction field-effect transistor
with extremely low on-resistance using metal organic chemical vapor
deposition regrown Ge-doped layer,” Jpn. J. Appl. Phys., vol. 55, no.
12, p. 121001, Dec. 2016, doi: 10.7567/JJAP.55.121001.

R. ElKashlan ef al., “mm-Wave GaN-on-Si HEMTs with a PSAT of
3.9W/mm at 28GHz,” in 2023 IEEE/MTT-S International Microwave
Symposium - IMS 2023, Jun. 2023, pp. 24-27. doi:
10.1109/IMS37964.2023.10187976.



