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RF/ mmW System Challenge: Linearity & Efficiency

O Multifunction mmW

50

40

30

20

10

0

=0
SAN DIEGO

T T T T

E .
GaAs PA

below 3 GHz
for wireless

o . %3

S, ©
130 nm SiGe N R ’%
below 50 GHz e

QRO

GaN
26-30GHz,
256 QAM

w 50 GHz

0

10

20 30 40

50

Average Power (dBm)

Distribution Statement A — Approved for Public Release, Distribution Unlimited

<Tu2B-2>



aniIiMmMs

Connecting Minds. Exchanging Ideas.

mmW Linearity & Efficiency Challenge

SAN DIEGO

» Receivers’ jamming margin can be improved by 6.7 dB per 10 dBm OIP3 improvement.
» The OIP3/Pdc ratio is limited to 1 - dynamic range problems and SWaP challenges.
» Millimeter-wave transmitter efficiency is significantly lower, imposing greater SWaP challenges.
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d OIP3 ~ 4[gm3/gm" *« GL/(Gds + GL)2] + f(cg' * gm’, Gds' * gm")
O LFOM = OIP3/Pdc
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Conventional AlIGaN/GaN HEMT Graded-channel GaN HEMT (T3L)
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Q Linearity FOM = OIP3/Pdc
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O NF <2 dB over 20 — 40 GHz O LFOM = OIP3/Pdc =17.5 dB
aW,g.a,scode LNA

LYy Cr -
'F ~)
=l | | [ ] JL
4 T ‘ T ‘ T ‘ T ‘ T ‘ T ‘ ‘ 20 . . | | 10
- Adapted from K. Kovayahsi, GOMACTECH 2021 ] L LFOM = QOIP3/Pp¢
~ 35 ¢ - i 1
% —
= 3| ] S 5l Max. LFOM = 17.5 dB 18
e 90nm GaN P
) \\ g%r;n; gTELAq\T/v 130 GHz [ 140 GHz | ‘© I P
o 25 \ (2021, GOMACTECH] [2020%|CTS . O] 1 g-
™ \ | = 16 8
a2 . = 10t | &
o) mHEMT = i - | =
Z 15| [2010,J8SC] | 8 | *—— Gain(dB)~10dB 14 @
) o
| - L J
) ] i HRL GaN T4A | -E‘ I | D
= = L =~ 20nm GaN, - 0 5 |
oY ft =320 GHz ©
- aN-on-Si Pdc = 124 mW - £ i L 2
- 05 L go?s,in ggr:_mGg:'\;I LNA OIP3 ~ 20 ;anf — . NF (dB) ~2 dB I
<~ mW fmax = 357 GHz [2016, CSICS] i 1
- [2006, IMS] -
0 | ‘ | ‘ | ‘ | ‘ | ‘ | ‘ | ‘ | 0 T Vdd = SIV | | | i 0
20 24 28 32 36 40 44 48 27 29 31 33
Frequency (GHz) Frequency (GHz) J. Moon et al., IMS, 2022

Distribution Statement A — Approved for Public Release, Distribution Unlimited
I

< IEEE RRET.S <Tu28-2>
A TECHNOLOGY SOCIETY



O IMS Lower Current Collapse and 6 W/ mm Power '

Connecting Minds. Exchanging ldeas. D e n S i ty a t 3 0 G H Z SAN DIEGO

Reduced current-collapse in T-gated GaN FETs SOA power*speed FOM = 900 GHz*W/mm
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The lower current-collapse enables 6W/mm power density operation at 30 GHz.
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oNiIMS 250-hours RF Stress Test at P1dB
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—> 0.3 dB burn-in loss is observed, while the Pout is increased.
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T3L Gen1 GaN HEMTs: gm = 600 mS/mm, Ft, Fmax = 155, 350 GHz, current collapse =6 — 18 %
70 Measured at the AFRL Moon et al., IEEE MWTL, 2022
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T3L W-band FETs with record PAE of 51% at 2.2 W/mm power density at 94 GHz
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« T3L GaN

* The first design and fab of W-band PAs

* High gain =22.5 dB at 92.5 GHz

* No circuit oscillations

 Wg = 4-way combination of 4x37.5 um cell
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onIMS Summary

Connecting Minds. Exchanging ldeas. SAN EGO
O >10X improved linearity figure of merit in Ka-band low-noise amplifiers.
0 Record 51% PAE at 2.2 W/mm power density at 94 GHz.
O High-power W-band compact PAs feasible with 3.5 W/mm power density.
U Initial reliability testing seems encouraging, needs more rigorous REL testing.
1000 - ‘Ka-bar‘1d Linerar Lov‘v-nois? ampl‘ifiers ‘ : High-power and
- LFOM = OIP3/Pdc ; Device speed, Ft (GHz) efficient W-band PA
7 : in progress
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