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AlGaN-GaN HEMTs on SiC With CW Power
Performance of~4 W/mm and 23% PAE at 35 GHz

Cathy Lee, Paul Saunier, Jinwei Yang, and M. Asif Khan

Abstract—in this letter, continuous wave Ka-band power this letter, we report CW power results of 0.25 gate-length
performance of AlGaN-GaN high electron-mobility transistors ~ AIGaN-GaN HEMTs at both 30 and 35 GHz. While achieving
grown on semi-insulating SIiC substrates are reported. The devices, oy caient results at 30 GHz, the 2@a gatewidth device also
with gate lengths of 0.25um, exhibited maximum drain current hibited d d itv of 4.13 W/ 0.83 W) at 35
density of 1.1 A/mm and peak extrinsic transconductance of 285 exiniot e arecor power_ en_SI y ot 4. mm_( : )a
mS/mm. At 35 GHz, an output power density of 4.13 W/mm GHz with the best combination of power density, PAE (23%)

with 23% of power-added efficiency (PAE) and 7.54 dB of linear and linear gain (7.54 dB) to date.
gain were achieved at a drain bias of 30 V. These power results
represent the best power density, PAE, and gain combination
reported at this frequency. The drain bias dependence of the Il. DEVICE TECHNOLOGY

Ka-band power performance of these devices is also presented. The AlGaN—GaN epi layers were grown at the University of
Index Terms—AlGaN, GaN, microwave power high electron mo- South Carolina on a 2 in semi-insulating 4H-SiC substrate by
bility transistors (HEMTs). metal organic chemical vapor deposition (MOCVD). The un-
doped heterostructure consisted of a 200-nm-thick AIN layer,
a 2.um undoped GaN buffer and a 230Al.,5Ga 75N bar-
] ] rier layer, where trace amounts of Indium were incorporated in
A IGaN-GaN heterostructure field-effect transistors havgj jayers to reduce interface roughness. The effect of the pres-
shown strong potential to be the building blocks ofnce of low-level flux of trimethyindium (TMI) in the growth of
next-generation microwave power amplifiers. Small gate pgiGaN-GaN HEMT epi on the reduction of current degradation
riphery devices grown on SiC substrates have exhibited a powgfer pulsed conditions have been published previously in [9].
density of 9.8 to 10.7 W/mm at X-band [1], [2], and mor&maret al.characterized the improvement in current collapse
recently a total output power of 38 W with 29% power-addeg first measuring the dc drain current level at zero gate bias on
efficiency (PAE) was achieved by a 12 mm GaN HEMT hybridamples grown with TMI flux and without TMI flux. Then, the
amplifier [3]. Based on these experimental results, for the sag&in current was measured again on both samples by pulsing
output power, the components based on AlGaN-GaN highe gate bias voltage from the threshold voltage to zero volts of
electron mobility transistors (HEMTs) will benefit greatly fromgate pias [9]. Ideally, the devices should have the same amount
a reduction in matching circuit complexity and chip size, whicBf current under pulsing conditions, and the ratio of pulsed drain
will lead to lowering of the chip cost. Also, requirements ofrrent to dc drain current is desired to be 1. The previous study
cooling for high-power transistors are minimized due to theygwed that the samples grown without TMI flux had a pulsed
excellent thermal conductivity of SiC substrates. to dc current ratio of 0.45 to 0.7. On the other hand, samples
There is increasing interest to utilize the advantages glfown with TMI flux had a pulsed to dc current ratio of 0.85 to
AlGaN-GaN HEMTs for high-power applications beyond [9]. Consequently, the devices reported by Kuregal. ex-
X'—ba}nd §uch as satellite comm'unications and local multipoiRipited high dc and record small-signal high frequency results
distribution systems (LMDS) inKa-band (26.5-40 GHz). ¢ fr and fmax, however, large signal power results were not
Initial investigations showed pulsed and continuous wave (C\WWhown. Sheet resistance mapping across the 2 in wafer yielded
output power performance in the range of 1.5 W/mm at 29, average sheet resistance of 825q.
and 30 GHz [4], [5]. Recently, Kasahaeaal. reported @ CW  The device fabrication was completed at TriQuint Semi-
saturated power density of 6.4 W/mm, a peak PAE of 38%gnductor Texas' facility. Each level was patterned using a
and a linear gain of 8.8 dB at 30 GHz [6]. High total outpubroduction I-line stepper, except for gates. Mesa isolation
power of 0.91 W (1.26 W/mm) with PAE of 10% and 0.63yas defined using reactive ion etching (RIE) in a/@r
W (0.86 W/mm) with PAE of 4% were achieved by 0.4%%  plasma. The source and drain ohmic contacts were formed
gate-length devices at 35 and 40 GHz, respectively [S], [7]. [fsing an alloyed Ti/Al/Ti/Au metallization. The ohmic contact
resistance was 0.52-mm as measured by the transmission
Manuscript received February 10, 2003; revised July 10, 2003. This work wiige method. T-shaped 0.2&m Pt/Au Schottky gates, centered
f“tfponed by a gfad”tbffoé?j_tthe I'Sokahdeed Martin Corporation.The review of thiithin 4-,m source—drain channel, were fabricated by electron
egr KV:: Z:lr(?nlgeSaL}lnierlgrre \)Vitf? Sésearch and Development Engineerh&am lithography. Surface passivation, which is critical in
TriQuint Semiconductor Texas, Richardson, TX 75083 USA (e-maireducing the frequency-dependent current lag phenomenon,
CIeJe(?at?\th;r?g]l\)/i A. Khan are with the Department of Electrical and Comput\é\llaS SiNs. Prior to deposition, the wafer was cleaned in
Engineering, University of South Carolina, Columbia, SC 20208 Usa. ~ Solvents and diluted HCI. 1004 of SizNy were deposited
Digital Object Identifier 10.1109/LED.2003.817383 by a plasma-enhanced chemical vapor deposition (PECVD)
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system. Standard gold air-bridge plating process was used
connecting multi-finger devices. 1200 [0
Typical dc transfer characteristics of a 20f gatewidth é:::
device with gate lengtfi.; = 0.25 xm and gate-drain spacing 1990 [Zw
Lgp = 1.87 pm are shown in Fig. 1. The peak extrinsicE g | ™
transconductancey,,, of approximately 285 mS/mm was E
measured at a gate bias ef2.9 V and at a drain bias of ~; 6%0f
10 V. High transconductance>00 mS/mm) is maintained ~ .t
over a broad range of gate bias values-&.5 to —1 V. The
extrapolated threshold voltage was.75 V. Typical dc drain 200 f
current—voltage characteristics are shown in the inset of Fig. 0 b . . . . . .
The maximum saturation currerf,,., at Vgs = 2 V was 7 6 5 -4 3 2 4 0 1 2
1.1 A/mm with anlg of 9120 mA/mm. The forward turn-on Vgs (V)
voltage of the gate-drain diode ranges between 1.9 and 2.0 V
and the reverse breakdown V0|tage was 40 V. Fig: l.. DC transfer characteri_stics of a 2pé AIGaN—GaI\_l HEMT. The
Small-signals-parameters, measured on-wafeiat = 10 grtegn_bgl)a\slwas 10 V. Inset: dc drain current—voltage characteristics Whgre=
V andVgs = —3V, yielded unity current-gain cutoff frequen- '
cies, fr, of 40 to 44 GHz for various 20@m gatewidth de-
vices. The average maximum frequency of oscillatfgn,, de-
termined from the MSG data, was 84 GHz. The pgakwas 30
measured at a drain current of 235 mA/mm, where maximui < V=30V
gm Occurred. Compared with devices of the same gate-leng 25|
that we fabricated previously, these devices showed a 20% i 5 .
crease inf7, which can be correlated directly with 20% higher @

in measuredy,,, .
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The CW Ka-band power performance was characterize 3 5}

without cooling by on-wafer load-pull at 30 and 35 GHz. A™ . . . .

200-um device with a 5Q:m unit gate width was measured 0T, 10 15 20 25

under class AB operation. Fig. 2 shows tha¥gt = 30 V and

at a quiescent current of 325 mA/mm, output power density

of 5.43 W/mm_(1.09 W) was achieved at maximum PAE qfig.z. Output power, PAE, and gain as a function of input power of a:200-

>33% with a linear gain of 9.17 dB at 30 GHz. Under thelGaN-GaN HEMT at 30 and 35 GH¥,s = 30 V at both frequencies.

same bias, the same device delivered a remarkiapleof 4.13

W/mm (0.83 W) at peak PAE of 23% with a linear gain of

) . nitial linear rise in the saturated power at both frequencies.
7.54b(_dB,thmcinss;r2|:|g ';hedb;ast_?rc:wer denS|ty_, PA;E, andeg);A wever, the observed nonlinear behavior at higher drain
combination a Z 10 date. 1he power gain at pea ltages may be explained by heating. The decrease in peak
was compressed by approximately 2 to 6.9 dB at 30 GHz aBdF ,m 44 to 30% at 30 GHz and from 32 to 23% at 35 GHz
5.54 dB at 35 GHz. may be attributed to the increase in radio frequency (RF) knee

The drain-bias dependence of the power performancev%ﬁ : Co :
. . tage at high drain bias. The reduction may also be a result
Ka-band was investigated ahs of 15, 20, 25, 30, and 35 Vééthe change in voltage swing as the bias voltage approaches

for each_ frequency, while keeping the cu_rrent density at 3 e breakdown voltage. Fig. 4 shows the measured linear gain
mA/mm in all measurements. _The _data pointat 35V at35 G fd power gain at peak PAE as a function of the drain bias.
was excluded due to insufficient input power to saturate t e high linear gain o9 and 7.5 dB were measured at each

dewkcep. :Ilzg ? sho:}vs 1t‘ht$1 power Qen3|tty gnt()j' their (.:otrrestpggdwggquency, and remained fairly constant as the drain voltage
pea at each of In€ experimented bias points a s increased. The power gain increased slightly by 0.7 dB at

35 G.':Z' At a low b|a3 of_ﬂl}S \r/] rrr:ore tha_ntSdV\Ié/AnEm ?Zigwet %GHZ and by 0.9 dB at 35 GHz, which indicates tlfiatand
ensity was measured with a high associate 0 od max dO Not degrade as the drain bias is increased from 15 to
GHz. Similarly, the highest maximum PAE of 32% at 35 GH 5V of drain bias

was obtained atps = 15 V with P, = 2.84 W/mm. The
results at 35 GHz represent significant improvement in power
density and PAE at 15 V over the previously published data.
As shown in Fig. 3, the saturatdd,,; increased gradually as a In summary, we have reported CW power result& atband
function of Vpg to 5.68 W/mm at 35 V and 30 GHz and 4.130n 0.25xm AlGaN-GaN HEMTs grown on SiC. The devices
W/mm at 30 V and 35 GHz. As the drain voltage was increaseshowed dc maximum drain current of 1.1 A/mm with peak
the available voltage swing was also increased, leading to tamnsconductance of 285 mS/mm. Small signal characterization

IV. CONCLUSION
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linear gain, representing a breakthrough power density achieved
by a single device at this frequency. With further optimization
in device design, better performance can be expected from
AlGaN-GaN HEMTSs for high-power applications Kia-band.
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