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Abstract—Trapping in an impurity (e.g. Fe, C) doped back
barrier (BB) causes pronounced on-resistance (Ron) dispersion
of GaN HEMTs. We demonstrate that the BB trapping is
alleviated by increasing 2DEG density Ng, in the GaN channel
(~50% increased Ng, results in ~30% less ARoq) and inserting
an additional intrinsic AIGaN BB (100 nm AlGaN with ~50%
less ARon). We propose a novel flat-AlGaN-BB-energy-band
designing criterion for the AlIGaN/C-GaN BB combination.
INTRODUCTION

Downscaled GaN HEMTs make candidates for 5G/6G RF
applications. A back barrier (BB) in a short-channel HEMT
provides 2DEG confinement and improves gate control. But
BB trapping (can be categorized into buffer trapping) causes
HEMT current collapse, the mechanism of which still not fully
understood according to recent technical reviews [1], [2].

In past studies [1], [2], the BB trapping is mainly
investigated with a HEMT biased in an off state or a semi-on
state with high drain-to-source voltages (Vgs); the gate-drain
corner regions are subject to high lateral electric fields (Ex) in
those states, and the high Ex may induce both top barrier (TB)
surface trapping and BB trapping. We demonstrate in this study
that significant BB trapping occurs even with small and
moderate Ex in HEMTs. This provides insight into the memory
effects induced by GaN HEMT trapping in an RF power
amplifier (PA), where the Ex across 2DEG and BB constantly
vary. Further, we propose solutions to reduction of the BB
trapping. While experimentally investigated on carbon doped
GaN (C-GaN) BB, the proposed trapping characterizations,
models, and solutions apply to general impurity doped BB.

EXPERIMENTAL

The III-N stacks were grown by MOCVD on a high
resistivity 200 mm Si (111) substrate. After an AlyGa; <N buffer
layer and 1 pm ~6x10'" cm™ C doped C-GaN BB growth, three
groups of samples were prepared:

(1) Samples with 15 nm Alp28Gao72N TB, 1 nm “AIN” (Al-
rich AlxGa; N [3]) interlayer, and 10, 20, 35, 50, 100, 150, or
300 nm unintentionally doped GaN (i-GaN) channel;

(2) Samples with 10 nm Ing.13Alps2N TB, 1 nm “AIN”, and
50, 100, 150, or 300 nm i-GaN channel,;

(3) Samples with 10 nm Aly2sGag.72N TB, 1 nm “AIN”, 35
or 50 nm i-GaN channel with or without additional
unintentionally doped AloosGao:N BB (i-AlGaN BB)—i-
AlGaN BB thicknesses (thgg) were 15, 100, or 250 nm.

Transmission line model (TLM) resistors and HEMTs were
fabricated: HEMTs with 80 nm gate length (Lg) and 9-nm-
thickness-left recessed barrier under the gate metal. Complete
device fabrication refers to our previous work [4].

CHARACTERIZATIONS

Majority of C act as deep acceptors in C-GaN, which make
C-GaN effectively p-type. We extract a net acceptor
concentration of ~3x10' cm™ from ~6x10' em™ C doped C-
GaN BB (Fig. 1). Reducing the i-GaN channel thickness (thch)
enhances 2DEG confinement (Fig. 1a) but sacrifices the 2DEG
density (Nsn) in GaN heterostructures (Fig. 1b). We will
demonstrate that reducing the, also worsens the C-GaN BB
induced HEMT on-resistance (Ron) dispersion problem.

Trapping induced memory effects are common to GaN
devices. But it is difficult to distinguish the BB trapping from
other trapping mechanisms due to the complex III-N stack. We
adopt substrate-floating two-terminal TLM structures (Fig. 2a)
for the BB trapping investigation: TLMs have simple resistance
components—contact resistances R, and 2DEG resistances
Rop—and simple Ex distribution across the 2DEG and the BB.
Constant Vs stress (V) is applied for a duration (ts) on the
TLM; trapping is monitored by variations of the TLM linear
resistance ARrtowmiin (Fig. 2b). We demonstrate that the drain-
current Iy transients of gateless TLMs particularly capture the
BB trapping behaviour.

Default TLMs under test are 10 um wide with an electrode
spacing of 1.5 um. The Rrimoin of fresh TLM resistors with
various TB and the, are recorded in Fig. 3. The applied Vi is
not greater than 10 V, corresponding to (initial) Ex<10°> V/cm.

The Rrim with 50 nm the, are compared in Fig. 5 after 1s
stress with varied V. Key observations include:

(1) The ARTpLMm,iin increases with V. after the 1s stress;

(2) Even with the short 1s stress, the ARtim,in 1S significant;
(3) A major Rypom,in relaxation time constant Ty is observed;
(4) The Rromin after high-V stress does not always recover to
Rromiino even after long relaxation period (>36 hours in Fig. 5).

The Rrom with 50 nm the, are compared in Fig. 6 after 10 V
stress with varied ty. Key observations include:

(1) Time constants s and Tsw2 are observed in the stress phase;
(2) ARtLm,in does not increase infinitely with time but reaches
a saturation magnitude of 0.22~0.32 Q-mm after 10-100s stress.

Significant ARtLvm are caused after the moderate-Ex stress
tests. Next, we link the ARtpm to the BB trapping, model the
process with SPICE and TCAD, and propose solutions.

MECHANISM EXPLORATION

A. ARty increased with GaN channel thinning

Trapping in a TLM under Ex may have three origins: the TB,
the i-GaN channel, and the BB. In the first order, trapping in
the TB has little dependence on the the, that in the i-GaN
channel increases with the then, while that in the BB decreases
with the then. Significantly increased ARrtim in With the 1/they
in Fig. 7 suggests dominant BB trapping.
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B. Asymetric ARrim at the source and drain sides

Due to charge redistribution, BB trapping would typically
result in asymmetric ARy, in a device—greater ARy, at the
drain side than at the source side. To verify this signature, end
resistance measurement of source (Rg) and (Rp) [5] is
performed on a MIS-HEMT. The MIS-HEMT have similar
2DEG Rg; under the gate (~350 Q/sq) and in the access region
(~320 Q/sq) (Fig. 8), making the gate-floating MIS-HEMT a
close approximation to a TLM resistor. The R; and R}
measurement approach is introduced in Fig. 8 and Fig. 9. The
AR and AR}, vs ty behavior aligns with BB trapping.

SPICE AND TCAD MODELING

A semi-physical SPICE model [14] is constructed (Fig. 10)
to simulate the dynamic Ryum transients. The 2DEG Ryp is
modelled as an equivalent depletion-mode backgated MOSFET
whose Ny, is modulated by BB trapping. The MOSFET has a
back gate capacitance Cgg equal to the GaN channel
capacitance Cpg=€gan/thch (€Gan 18 the permittivity of GaN) and
has a zero-gate-bias channel resistance and a carrier density
matching the Ryp and the N, of a fresh TLM resistor. The Rop ne
in the stress phase and the Rap in in the relaxation phase (both
in Q-mm) are defined separately in a simplified manner

Rapns = V/(qNsnVsar) (1)

Rypain = L/(qNsnthin) (2)
where V is the lateral bias voltage on a lump 2D resistor, Vs iS
the 2DEG saturation velocity, pin is the room-temperature
2DEG low-field mobility, and L is the length of the TLM
resistor. The C-GaN resistance Rcgan (Fig. 10) adopts
magnitudes from previous C-GaN transport studies [6], [7]. The
self-heating effects on TLM are also included in SPICE
modeling: the average device temperature Tpyr is estimated by
Tour=Rml4sVes, where the Ry is the thermal resistance of
devices [8]. The Tpur estimation helps accurately transfer
experimentally extracted activation energies of Ty, Tsw2, Trel,
into those of resistance components in the SPICE model.

The SPICE model presumes speculated BB trapping/
detrapping processes described in Fig. 11. The results in Fig. 10
reproduce the stress/relaxation transient features and agree with
experimental ARrpm-then relationships in Fig. 7.

The TLM trapping is also investigated with Sentaurus TCAD
modelling [13]: the energy band diagrams near the source and
the drain are compared at the initial state and after 10°s stress in
Fig. 12. In both SPICE and TCAD modelling, charges trapping
in the BB near the drain causes strong 2DEG depletion (Fig.
12c)—the decreased ANy, is approximately proportional to
Cgc=¢gan/thch. This highlights a HEMT downscaling challenge,
whereby the improved 2DEG confinement by decreasing then
comes at the price of increasing the BB induced ARgpn.

SOLUTIONS

The Rrowm is sensitive to the 2DEG density N, and so is the
Ron of GaN HEMT. If we drastically neglect the V, vs, and iin
dependence on Ny, in (1) and (2), the ARtm follows

_AN hV CBG SG N
ARyppr = — : Nz ¥ T2 ah 3)
qNsKK/satL NCsh Nsht ch
—ANgp BG €GaN
ARZD,lin ~ 2 . xX = ) - (4)
qNsh:uli‘n. Nsh Nshthch

Therefore, increasing Ny, and reducing the back gate Cpg would
help alleviate the BB induced R, dispersion. Next, we
demonstrate two technological solutions based on this strategy.
A. Increase 2DEG Ny, with alternative top barrier material

Compared to the Ng of 1.2~1.5x10% cm? of
Alo23Gag.72N/AIN/GaN (with the, from 50 to 300 nm, Fig. 1),
that of Ing 18Alos2N/AIN/GaN reaches 2~2.3x10'3 cm?. Both
the Rrom,nr and the Rrowmiin of INAIN TB heterostructures show
less dispersion (Fig. 13); particularly, the Rromnr with InAIN
TB is consistently ~30% lower than the AlGaN counterparts.
B. Low-Al content AIGaN BB between 2DEG and C-GaN

Insertion of an additional intrinsic AlGaN BB between the
GaN channel and the C-GaN BB effectively reduces Cgg in (3)
and (4). The resulting reduction of ARtpmis verified in Fig. 14.
A design criterion was lacking in literature for the AIGaN/C-
GaN combined BB [9]-[11], because of complexity of the BB
parameters involved including (I) the Al% in the AlGaN, (II)
the thgs of AlGaN BB, (III) the C concentration in the C-GaN
BB. Here we propose a (near) flat-energy-band-AlGaN-BB
(FEBABB) criterion (Fig. 15): it helps preserves a high back
barrier height and the 2DEG confinement provided by the C-
GaN; it provides a flexible thgg design to reduce Cgg; it helps
avoid formation of 2DEG/2DHG channels at i-GaN/AlGaN
BB/C-GaN BB interfaces; it provides margins for drifts of BB
parameters (I-III) but still guarantees the above merits. When
a BB is designed based on the FEBABB criterion (Fig. 15), the
negative C-GaN charges are screened by the net positive
polarization charge at the i-AlGaN/C-GaN interface, while the
net negative polarization at the i-GaN/i-AlGaN interface
provides 2DEG confinement—Drain induced barrier lowering
(DIBL) compared in Fig. 16. With the BB trapping alleviated
by reducing the Cgg, reduced knee voltage walk-out (Fig. 17)
and improved output power and power added efficiency
(Pout/PAE) under RF operation (Fig. 18) are demonstrated
with 80 nm L, HEMTs.

CONCLUSIONS

A measure-stress-measure investigation of TLM resistors
proves efficient to characterize the back barrier (BB) trapping
impact on R, dispersion at varied lateral electric field (Ex).
This lays foundations for accurate modeling memory effects of
GaN HEMT PA. GaN channel thinning between the top barrier
and the C-GaN BB seriously increase Ron dispersion. Solutions
are demonstrated by increasing 2DEG density and inserting an
additional AlGaN BB. The short-channel HEMTs are expected
to benefit from the enhanced 2DEG confinement and
minimized BB trapping impacts, when combining those two
solutions.

REFERENCES

[1] M. J. Uren and M. Kuball, JJ4AP, 60, 2021. [2] M. Meneghini.,
JAP, 130(18), 2021. [3] H. Yu, APL, 120 (21), 2022. [4] U. Peralagu,
IEDM 2019, pp. 398-401. [5] K. Lee, IEEE EDL, 5(1), 1984. [6] H.
Wang, IEEE TED, 67(11), 2020. [7] C. Koller, IEDM, 2017, pp. 749—
752. [8] A. Alian, ESSDERC, accepted, 2022. [9] L. He, Physica
Status Solidi (4), 214 (8), 2017. [10] J. Wiirfl, IEDM 2013, pp. 144-
147.[11] G. Meneghesso, ECS Transactions, 58(4),2013.[12] H. Yu,
IEEE TED, 68(11),2021. [13] Sentaurus Device User Guide, Version
Q-2019.12 [14] Ngspice User’s Manual Version 34, 2021



<3 £, & 1.6x107 ‘ ‘ T
© £ (Y R IO I I U Ay FYT T3
< 2 / , 5 1ax0 ' 1?. #
w4 = z,1.2x1013 o ‘ ‘
T o0 ETC 2 1.0x10" %3 O Measured 2DEG density | |
2 EF D g ox102F B ----- Simulated 2DEG density | ]
-1 v E . O Simulated net ionized C
g g 6.0x10'? o acceptor density I
-2 — =50 | 2 g gef i
X o,

=3 ——thy,=100am| g\ b
o ——th;, =300nm| R R R s T
S 4 . § oopb e
L s ’

0 100 200 300 400 500 O 0 50 100 150 200 250 300

(a) Depth (nm) (b) Channel thickness (nm)

- |
I~ _ds) Vost initid | Sress Relax

5
e s ebees obae o
lonized C acceptors Rrum / RTLM o

1 um C-GaN B .
Rrivosin ARy M
0f T

= Buffer and resistive S substrate

0 time
Fig. 1 (a) Simulated energy band diagrams and (b) sheet charge (@)  Floating substrate ot grounded (b)
densities in AlIGaN/AIN/GaN heterostructures with varied theh. 3x10'  Fig. 2 Schematics of (a) TLM resistor stacks and (b) measure-stress-

net acceptors in C-GaN BB is assumed in simulation [12].

400

1 — 10
= [ £
Z 300 g 08 u [
¢ * Ld [ S 0.6 s
3 200 e .
5 0.4
© 100l | ® AGaNTH] s = AGaN |
i ® InAINTB o 02| @ InANTB
o)
S

0.0
35 50 100 150 300 35 50 100 150 300
(a) Channel thickness thy, (nm) (b) Channel thickness thy, (nm)

measure flow for TLM resistors.

10 : =
= Stress phase . 025[ .| Relaxationphase 130 &
E 8 E o020 F—Va=25v]]25 2
g e S o1s va-75v][20 2
= 4 £ 010 V=V = 10VH15 &2

5 =Y 10 @
£ = z\ ~36 hours ] >
X 2 005 N &
kS NG P s

0 0.00 0 =
10° 102 107 10° 10310210 10° 10" 107 10° 10* 10° 10° nE__.

@) Stress time t, (s) (b) Relaxation time t (s) <

Fig. 3 (a) R and (b) Rrim iin measured from fresh AIGaN/AIN/GaN  Fig. 5 (a) Rrrmns transients in the stress phase and (b) ARTtLmiIin in the

and InAIN/AIN/GaN heterostructures with varied thch.

relaxation phase with same thev=50 nm, same tst=1s, and varied Vg from
2.5V and 10V.

85 - - - - -~ €04 )

— ¢, =10%s] ~ Stress phase = ‘ ‘ Relaxation phase JaoR E =
L, =107 E 89 ‘ v E03p = Z Eo03 g o 0%
S 5 g £ ! lso 3 EY O C =

7 T : S

ty=10°s (G 7.5 %ﬁii" G o2 oy NN =g oBo Bod fso 3

. = / = 0. = \ rf 02 m m] [1'4

t,=10"s[ 579 / S NN N '20- Q- u 20 G

- =] N o s 2
ty=10°s| F e LY " £0.1 NN {105 Lo1f 8B o=

s 7 o N3 g 5 X

ty=10"s < E = J s
b——t_ =10% 64 og 3 102 101 10° 10" 102 10° 10* 9 3 E00 0 F
ty, = 10"s 10° 102 10 10° 10" 10% 10° 10* 10° 107 107 10° 10" 10% 10° 10° 10° £ oF " 903 102 107 10° 10" 102 10° 10° 10° K¢

(a) Stress time tg, (s) (b) Relax time t (s) < <(c) After stress time (s) <

Fig. 6 (a) RrLmnr transients in the stress phase and (b) ARTLM,1in transients in the relaxation phase with same thev=50 nm, same Vsu=10V, and varied
tstr from 10 ms to 10 ks. (¢) ARTLMm,1in measured right after 10V stress, each symbol from fresh device.

9 —
= Stress phase 1 13 - After 2000s stress
g sl they (nm) g 0: After 2s stress
a i —300|Z
=210 (Wl P 150 |5
£ / 100 [ "5 0.
B [ 50 | &
e o e
o ° ﬁ-—f———- —35| 20
5 N L 1
10° 102 10" 10° 10" 102 10° 10* Dé 0.00 0.01 0.02 0.03
(a) Stress time tq, (s) (b) (channel thickness thy,)'(nm™)

Fig. 7 (a) Rrumf transients in the stress phase with same Vsu=10V,
same ts;=2000s, and varied theh. (b) ARTLM,Iin right after 2000s or 2s

10V stress.
I Vy = \A
Sstress
- 0.7 ym - 1
15 pm Gie 175 um . GmseN
Snm SN y 5nm i
i Source - im AlGENTANTAIN Drain Source I orm AIGaN AN Drain
. ; ; ; E L S
50nm i-GaN acc R*‘ ijc;DEG 50nm i-GalN acc Rﬁ Rj'mCZDEG
5 feEeiEeaEes A R
(b) C-Ga\

Fig. 8 (a) Vs stress on gate-floating MIS-HEMT, a scenario close
to Vs stress on TLM resistor, because Rsh is comparable under
gate and in access regions. (b) Schematic of source end Rj
measurement.

R measurement flow E 0.8
A I Initial 5 2,15V v, i 3. RS, meas £ O Source AR,
- Careset & R meas i stress after stress e Drain AR, T
'S s G o O Drain AR,
Gate Floating [=
I —> 5 04T =
v ime — - * )
SourceT Grounded S 02 AR = Ry (te=0) - Ry
= &0
me O
'\1 Floating & =—3Y— Floating & E [o) - -
Drzur] Grounded } (§) meas @ meas o 0'01 10 100
Time After stress time (s)
R} measurement flow 0.8
0. Gate set | I: Infgial 3 2. 15V Vg, : 3. Ry ey Meas S ARd - ARS = ARd‘acC-ARS.acc
L Ry meas stress after stress IS 0.6 4
4 A ; o
Gate I Floating 9,
> 04 ﬁ 1
i v T Floating & Floating & 1M "5 §
ource | Grounded
- L_Grou ) meas ®) meas o2 J
¥ I 15V Time Dé
Drain 0.0 L L
N Grounded 1 10 100
Time After stress time (s)

Fig. 9 End resistance R* measurement flow and results. R was measured
with source grounded, Iy injection, and V4 detection; Rj; was measured with
drain grounded, I injection, and Vs detection. Asymmetric AR and AR}
suggests current collapse and 2DEG depletion mainly origin from drain
access region.



o

+

S
Large V4
Source Drain

L

G

aN

J
Small Vg,
Source

|

Drain

GaN:C

Source Dran
A 10 Stress pha ~05F—R ion phas:
R as subsw R §ie E o / th, /= 35hm
JE| I O O I Alaiovt = € 04
L(a) Ll / 1s
= - ~ Nen SN+ =03
Pl o o2 £ —~1 =
CGaN-iGaN T R g o \ n:é 02 \
- F: uivalent 61— T
junction 2 Rex e’\iog:g o thy,=1000m_L—L 1< 0.1 th;=100nm ‘ N
L 5 T T
SR o 0.0
(b) Rocan 10102107 10° 10" 10 10° 1010210 10° 10" 102 10° 10*
P3O P4 (c)  Stress time tg (s) (d) Relaxation time t, (s)

Fig. 10 (a) SPICE based equivalent circuit of TLM and (b) its subcircuit: C-GaN-
i-GaN junction is modelled as PN diode; Rzp is modelled as MOSFET; Rccan

approximates charge redistribution resistance in C-GaN; Rseries,

fitting parameters to simulate Tsu1, Ts2, Trel, and ARTLM. (¢) RTLmne transients in
stress phase and (b) ARTLmin transients are simulated with SPICE for a 10V

2000s stress experiment.

Barrier and caps

.10 Source |

Hectrostatic potentia (V)

and Rieak are

(b)

Fig. 11 Schematics describing the charge flow in (a) stress phase
and (b) relaxation phase. C-GaN-i-GaN junctions are viewed as
PN diodes; PN diodes are turned on by Vs but then turned off
again by injected charges into BB. Leakage through PN diodes
near drain controls the saturation ARon [1]. Stress phase contains
(D) fastest BB charging route and (2) a relatively slower

GaN:C

Redistribution

charging route and charge redistribution in BB.

-
N

\>/ = Qg,.gan iNitial Drain st Ec J
E === Qs c.can initial 3\ £

T 8 F—¢scav after 10°s stress { o g
Qo === @sc.can after 10%s stress D 4r ' v
15} 4 —Ec
o A 1 L of A= - f—Er
= > T B
% o | Source I sz | g_4 | Frosn device I ]
o o S |Top barrier: i-GaN channel ! C-GaN
8 L L L L N 1] N i 1 PR

Q< -1.0 -05 0.0 0.5 1.0 -0.02 0.00 0.02 0.04 0.06
W(c)  Lateral distance (um) (d) Depth (um)

Fig. 12 TCAD modeling of AlGaN/AIN/GaN/C-GaN based TLM resistor with 1.5 um source/drain spacing. Electrostatic potential is simulated
for the stress phase (a) at the beginning and (b) after 103s stress. (c) Electrostatic potential is further compared with lateral cut lines at the i-GaN
channel surface (¢s.i-Gan) and at the i-GaN/C-GaN interface (¢s.c-Gan). (d) Cross-sectional energy band diagrams are compared near the drain before
and immediately after stress; the C-GaN energy band is lifted after the stress due to BB charging, which further causes 2DEG depletion.

0.25

N

IS
S
S

< "AIN" Q1 =
—~ 55 Stress pha o 020 o e AT L] E g Ec g 105:25252%2?(“4, th,=35nm
€ 50— 1GaN TB] e \ [-e—AiGaN TB uf AloiGao N B8] C-GaN BB 1 | -0-2c10" A
C 45 eeppo=tont hdui S 015 A < C acceptors o 8 —A- 6107 500 /-
< it Solid th,,=50 nm = \\“ 50 & 4 B 26 2*‘0‘5 e -
: 4.0 Dash th,,=100 nm)| S0.10 \ — 5 -1 [Z]-ean —Ey, g %ﬂ;ﬂé —
735 = ' — ¢ 218 Z 4
o — ..o ]coos 221 3 A 100m
cedessecae —n -3 2| i
3.0 = < S} < p 150nm
nAIN TB o 5 -4 £ “\300[7m
104 10% 102 10 10° 10" 102 10° 10° 50 100 150 200 250 300 8§ 0 s0 100 180 200 g [ — oz 003
Stress time tg, (s) (b) Channel thickness thy, (nm) (@) Depth (nm) (b)(Channel thickness the,)"! (nm™)

Fig. 13 (a) RrLmns transients in the stress phase with same
Vsu=7.5V, same tsw=1000s, varied TB, and varied then. (b)
ARTLM,lin Tight after 1000s stress with varied TB.

@
S
S}

2DEG Ry, (Q/sq)

N
=3
S

m thy=35nm
® th,=50nm

|
|

0 15
(c) AIGaN BB thic

100 150
kness (nm)

Fig. 15 (a) Heterostructure with Alo.osGao.92N/C-GaN BB following FEBABB.
(b) Required Al content in AlIGaN BB to achieve FEBABB. (c¢) Similar 2DEG
Rsh with varied AlGaN thgs is a fingerprint of FEBABB.

— — 100 15— - 15
€ — £ =33 . - th, =50nm  thgg =0 thy, = 50nm  thgg = 100nm
€ 0.6 Nen=90M — e BB M ] Eopptea=38nm, o o > 80 € g Vin + 3V Tl
£ 1 0o 100nm) | E o E £ 10 £ 1.0 LT
O o4 ‘ Qo4 E—E—EM—« = & < 37.2% nmmT < [ 18T%
T éﬁ Lii = o DIE] T ® & 8 g 0 m 40 —— ° §0.5 .- - §0.5 / Vggng= Vin + 3V
£02 Ho | ; 02 AlGaN BB thickness | 0 5 - [ FVaa= 0V, Ve =V || = rvns.q =0V, Vgoq=Vy,
< =] ! _J _l 5 250 nm 9 100 nm ==V = 10V, Vg = Vi S Vg =10V, Vo =V
s = 15 nm 0 0 0.0
0.0 Lot £0.0 the, (") = 150 100 50 35 50 35 00 25 50 75 O9
o, 10° 102 107 10° 10" 102 10° 10* 10° @ ~10° 102 107 10° 10' 107 10° 10° ch . 3 : : 0.0 25 5.0 75
< (a) After stress time (s) < (b) After stress time (s) thgg (Nm)= 0 00 0 100100 g? Vasnq (V) (?; Vasing (V)
Fig. 14 ARtimin right after 10V stress with varied ts, varied Fig. 16 DIBL measured at the, =350m  thgg =0 th, = 350m  thgg = 1000m
T [ Vaons= Vi # 3V T | Vaune= Vi * 3V
Alo.0sGao.92N thpp, and two theh of (b) 50 nm and (c) 35 nm. 10V Vis. E ol T E ol T
< < 28.9%,--=="""""" ]
60 14 - oom | Fig. 18 () PAE and (b) Pou o5 Eosl /7
= g - 4
% thgg=100nm 1 _ {\15‘3\? of 2-finger HEMTs from = P Ve [ L rvmzov. Vooa = Ve
: . eV =10V, V=V, —= =V =10V, V=V,
35°{SE\T E 28GHz passive 1ms pulsed 00 — = — —
=45 =10 load-pull ch terizati 0. 25 5.0 75 0.0 25 5.0 75
0 o izlxg i 08 oaV —puf 1c0 ara; eriza 11(1)n§ (c) Visng (V) (d) Vasng (V)
o = 3 . .
45 oa~7SmAImm 5 a® o gl foa~7SmAIMmM ¢ —g ?t ds OPAEV’ dL Ela;‘; € Fig. 17 Pulsed Ias-Vas of HEMTs (a)(c) without and
P~ =P, S B~ =P, .
ol .= et o4l Z = ,@;‘;“\} v Tolf (3%5 in (1 )75 SAT- (b)(d) with Alo.osGao92N BB for thew=50nm or 35nm.
L= b= . b= — = . :
=0 60 70 80 90 100 50 60 70 80 90 100 ch nm, Led=1. 75 WM, aximum current collapse percentage shown in each
i i b)™ Fi idth (um) Lgs=0.75 pm. : : -
(@)™ Finger width (um) ( inger width (1 ¢ plot after high-Vgs off-state quiescent bias stress.



