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The effects of proton irradiation dose on dc chiréstics
and the reliability of AlGaN/GaN high electron miityi
transistors (HEMTSs) were investigated. The HEMTsewve
irradiated with protons at a fixed energy of 5 Makd
doses ranging from f0to 2 x 14* cm® For the dc
characteristics, there was only minimal degradatifn
saturation drain currentldss), transconductancegy),
electron mobility and sheet carrier concentratiodases
below 2 x 16° cm? while the reduction of these
parameters were 15%, 9%, 41% and 16.6%, respegtivel
at a dose of 2 x thcm? At this same dose condition,
increases of 37% in drain breakdown voltaggs) and of
45% in critical voltage () were observed. The
improvement of device reliability was attributed tioe
modification of the depletion region due to the
introduction of a higher density of defects afteadiation

at a higher dose.

The AlGaN/GaN HEMT device structures were
grown on semi-insulatingHs-SiC substrates and consisted
of a thin AIN nucleation layer, 2.25 um Bé-doped GaN
buffer, 15 nm of A ,6Ga 7d\, and a 3 nm undoped GaN
cap. On-wafer Hall measurements showed sheet rcarrie
concentrations of 1.06x¥bcm? mobility of 1907 crh
/V-s, and sheet resistivity of 31@/o. The HEMTs
employed dry etched mesa isolation, Ti/Al/Ni/Au Qbm
contacts alloyed at 8%0 (contact resistance of 0.3
Qemm), and dual-finger Ni/Au gates patterned bydift
The gate length was 1um, and gate width was 2x1%0 p
Both source-to-gate gap and gate-to-drain distaneze
2 pm. The devices exhibited typical maximum drain
currents of 1.1 A/mm, extrinsic transconductance s
mS/mm at s of 10 V, threshold voltage of -3.6 V. The
devices were passivated with 200 nm of ,Sdéposited
by a Plasma Therm 790 PECVD system.

For the dose of facm?, there was no change for
all those parameters. The threshold Bf and Ry
degradation was at a proton dose of 5xdf?, and the
Rc and Ry increased linearly proportional to the proton
dose until the proton dose reached at 2%1€m?
exhibiting 3 and 5.5% increases fdR; and R,
respectively. However, the threshold of the prodmse
for Rs degradation was much higher at 2¥16m? as
compared to those foR; and R.. There was no
degradation forRs detected for the lower dose protons
irradiation, in which the density of irradiationdinced
defects was still negligible as compared to thevaat
defect density. For the condition of the highesitgn
dose of 2x1Y cm? used in this studyRs R: and Ry
increased 7.9, 6.7 and 7.5%, respectively. Thease of
Rr andR: under the Ohmic contacts could be due to more
defects created by proton irradiation in these rdisced
regions. It is well known that significant increasef
edge- and mixed-type threading dislocations (TD® a
induced by metal contact inclusions after high

temperature (>850°C) Ohmic contact annealing.

In contrast to the trends idps, HEMTS
irradiated with higher doses of protons exhibiteghbr
drain breakdown voltage¥gg, as illustrated in Table Ill.
Below a threshold dose of 2xE@m?, the Vg was fairly
constant around 30 + 1 V. However, tdg; of HEMTs
irradiated with higher doses increased by 20% arfb 3
for the HEMTSs irradiated at 2xYbcmi? and 2x16* cmi®
protons, respectively. Thésg was highly dependent on
the electrical field distribution around gate edgeBhe
electrode electrical field does not evenly disttéaround
the gate, with the highest electrical fields lodat¢ the
edges of the gate and field plate used to redueedak
electrical field on the edges of the gate electrode

Off-state drain-voltage step-stress was also
conducted on AlGaN/GaN HEMTs prior to and after
proton irradiation to evaluate device reliabflty The
HEMTs were constantly biased for 60 s at each drain
voltage step, while grounding the source electradd
fixing the gate voltage at -8V. The stress stade8 V of
drain voltage and drain voltage step was 1 V. Taiqut
devices, a compliance of 50A was set during electrical
stress. During the step-stress, besides monitdgingate-
to-source leakage currents, and gate-to-drain leakage
current,lgp, were also measured. Due to the low drain-to-
source current during off-state, self-heating dffa@s
negligible and had no effect on device performaride
critical voltage, Vi, of the off-state step stress was
defined as the onset of a suddgnincrease during the
stress. As previous work reported, permanent danrage
the devices may be created upon exceedingincluding
the formation of cracks on both source and dralessiof
gate edges, the diffusion of gate metal and naiiide
layer at the interface between metal and AlGaNidarr
layer, as well as associated threading dislocatiathf
which could provide possible leakage paths. These
mechanisms also cause the irreversible degradatidic
characteristics of GaN-based HEMTs. There was no
difference inVg;, 22 + 1 V, detected for the pristine and
proton-irradiated HEMTs with a dose less than 2%10
cm?, as shown in Table 1ll. However, largés; values
of 28 and 32 V were observed for HEMTSs irradiatéthw
higher doses of 2x1®and 2x1&* cm?, respectively. The
improvement ofV,; could be ascribed to the previously
described mechanism for the improvement of drain
breakdown voltade A virtual gate was formed in the
buffer layer for the proton irradiated HEMTs, which
reduced the maximum electric field by extending the
depletion region into the buffer layer.

We studied the effects of proton doses on dc
characteristics and the reliability of irradiated
AlGaN/GaN HEMTs by dc measurement and off-state
electrical stress. There were less degradatioaturation
drain current lpsg), transconductanceyf), mobility and
sheet carrier concentration at doses below 2'% @i,

As irradiation dose increased, the increase/gf were
20% and 37%YV,; were 27% and 45% at doses of 2 x
10" and 2 x 18 cm?, respectively. The improvement of
device reliability was attributed to the modifiaati of
depletion region due to the introduction of a highe
density of defects after irradiation at a highesealo



