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Power Amplifiers and rf Switches

Power Conversion Applications

UWBG materials and devices may
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Comparison of Materials Using Lateral
Figure of Merit (based on conduction loss)
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Lateral Devices (e.g. conventional
MOSFET, HEMT)
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» AlGaN-channel HEMTs offer meaningful LFOM
advantage over wide bandgap semiconductors at
elevated temperatures, but not at room temperature
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LS | Largest Bandgap in a Transistor Channel
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Material ______|x=ly=| E, jcitaon

Al,Ga, N/ALLGa,,N .85 1.0 5.84 This presentation and A.G. Baca, A.M.
Armstrong, A.A. Allerman, E.A. Douglas, C.A.
Sanchez, M.P. King, M.E. Coltrin, T.R.
Fortune, and R.J. Kaplar, Appl. Phys. Lett.
109, 033509 (2016)

Al,Ga, N/ALGa,,N .6 1.0 15.23 N.Yafune, S. Hashimoto, K. Akita, Y.
Yamamoto, H. Tokuda and M. Kuzuhara,
Electron. Lett. 50, 211 (2014)

B-Ga,0, nfa nla 4.3 M. Wong, K. Sasaki, A. Kuramata, S.
Yamakoshi, and M. Higashiwaki, Electron.
Dev. Lett. 37, 212 (2016)

Diamond n/a n/a 5.5 Promising material, but no transistor
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10 pm D
SiN dielectric
n* GaN

48 nm AIN barrier

400 nm Al g5Gag ;15N channel

1.7 um AIN buffer

Sapphire substrate
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HEMT Structure and Geometry @“’
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Gate _ o~ _--""___°-
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Circular Geometry:
(edge effects unimportant)
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CV Characterization

§ 5 _ﬂ § 5 6.E-10 1.E+19
%E’ bAIN ;f-’.,,;‘_’ 5E10 & % N, ~ 6 x1 012 (cm2)
€ ° arrier € ° ' g 1E+18
T, V ’/ S ’* pn~ 250 (cm?/Vs)
Alj s5Gag 45N channel @ pinch-off ¢ 2 1017 N
2 g @ '\
E 3.E-10 ~ -4V f qﬂ, 0\
AIN nucleation and buffer layer gn_m lf‘ ?c,’ 1.E+16 \\\\\
(&) ' b S~
Sapphire substrate 1E40 ] : .L:‘: 1.E415 e
s
0.E+00 So050000000040000 0000000000000 1.E+14
-100 -80 -60 -40 -20 0.0 0.0 0.1 0.2 0.3 0.4
Voltage (V) Depth (um)
Process Steps:
1. SiN deposition, photolithography, SiN etch, . ]
AIN etch, PR removal, GaN:Si regrowth, SiN * Sheet resistance: 4200 Q/0
removal ® Pinch-off voltage: -4V
2. Photolithography, ohmic metal deposition,
litoff, RTA e Sheet charge density: 6x1012 cm
3. Gate photolithography, evaporation, liftoff . )
4. SiN deposition, photolithography, SiN etch * Inferred mobility: 250 cm?/Vs
(pads)



0N

LIWB&E

° Al, ¢:Ga, ;;N-Channel HEMT Shows Good ()&=,

s e Gate Control
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» Operates like Field Effect Transistor * Not Ideal in some Aspects

-
-
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Drain or Gate Current (mA/mm)

* Good pinchoff » Hysteresis in forward and reverse Gate

« Knee voltage linear with gate voltage sweeps

« Low drain and gate leakage currents » Source and drain contacts more rectifying
than Ohmic

« Large output conductance
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» Leakage current near measurement limit
« Similarly low gate leakage in Al, ,5:Ga, ;sN/GaN requires insulated gate (high interface
state density)
» Excellent subthreshold slope, 75 mV/decade
« Excellent lg\/loge ratio >107

» Leakage current near measurement limit
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Schottky Barrier
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« Using Method in Z. Lin, Appl. Phys. Lett. 82, 4364 (2003)
« Comparison to Ni/Al, ,sGa, 7,5sN/GaN:
« @,=0.99 eV (A. C. Schmitz, Semicond. Sci. Technol. 11 (1996) 1464—1467)




: Limitation of Al, ;-Ga, ;;N-Channel HEMT ()&=
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+ Don’t get to the theoretical line for same reasons GaN Today’s HEMT + Electric field management,
won’t: * Better contacts e-mode, aggressive
* Not at 100% Effective E_,; * Better epi lithography, 500K
+ E-mode channel has higher p, than material limit
« Contacts have finite size
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s Summary

* Demonstrated the first AIN/Al, ;-:Ga, ;sN HEMT — Highest Bandgap in
a Field Effect Transistor Channel

* Extended the Al-composition and Bandgap Range for Al Ga, ,N-
channel HEMTs to encompass the lateral figure of merit’s maximum
value for Al Ga,_ N alloys

* Established the rationale for UWBG AIN/Al, ;:Ga, ;N high-
temperature superiority over AlGaN/GaN

* Demonstrated AlGaN-channel HEMT with:
 HEMT Breakdown Voltage of 810 V (and no field plate)
* Excellent Drain & Gate Leakage Current, On/Off current ratio, and
subthreshold Slope (75 mV/decade)
* Excellent Gate Leakage Current and @, (1.74 eV)

* Modeled Drain Leakage Current with Frenkel-Poole Conduction




