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Irradiation effects in InGaAs /InAlAs high electron mobility transistors
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The radiation tolerance of high electron mobility transisttiEMTs) based on InGaAs/InAlAs

lattice matched to InP has been studied. At low fluences of 3 MeV ides, the only effect is a
reduction in the leakage currents. At higher fluences, the drain current decreases, the threshold
voltage increases toward zero, and the transconductance decreases. These results are consistent with
increased trapping in the donor layer and increased scattering in the channel layer.
Radiation-induced increases in the threshold voltage occur three to nine times more slowly here than

in GaAs/AlGaAs HEMTSs, indicating high radiation tolerance. 2001 American Institute of
Physics. [DOI: 10.1063/1.1408904

Recently, InGaAs/InAlAs high electron mobility transis- irradiation. All measurements were performed at room tem-
tors (HEMTs) have shown great promise for electronic andperature.
optoelectronic applications. Transistor cut-off frequencies ~ With the source and substrate grounded, the drain cur-
higher than 300 GHz have been achieved, and a number &ntly was measured while the drain voltagg was swept
circuits, including amplifiers, clock recovery circuits, and from 0 to +2 V for fixed values of the gate voltagé,
frequency dividers have been demonstrdtédHowever, be- between 0 and-1 V; thus producing a family of 4—Vq
fore these devices can be used in spacecraft and other hight'ves. The transconductanc&=dl4/6V,) was deter-
radiation environments, sufficient radiation tolerance must b&"ined by measuring asV, was changed from 0 te 1.5V

achieved. Here, we report on radiation damage in HEMTS" _2'072 \I/dincrlements, and foéd:+9'5'd+1'?5' aﬂd+2
based on InGaAs/InAlAs lattice matched to InP. V. Threshold voltages/y, were determined using the stan-

The HEMT heterostructure consists of a modulation-dard method of extrapolating from the point of maximum

doped InGaAs/InAlAs structure, with a two-dimensional slope on thel 4—V, curve along the asymptote to the zero-
electron gag2DEG) above a superlattice buffer layer. The current intercept. : R
HEMT: 5 1 width. with 8 0.2 te lenath ' d The dependence df; on V is shown in Fig. 1 forV
S are (_J“m In width, with a v. um gate length, an =0.5V. The general effects of irradiation are to decrdgse
a source—drain spacing of 2/6n. The HEMTs have current
gain cut-off frequencie$; of 140 GHz and power gain cut-
. . . . T T T T T T
pff frequen0|es‘ma,éof 180 GHz. A more detailed description 005" V. 205V
is given elsewhere. d
Samples were irradiated at room temperature with incre- 0,020 | o= ®70 o2
mental fluencesb of 3 MeV He' ions at rates of about 3 - 12x10%
X 10° ions/cnt s. Particles were incident 7° from the sample  ~ o015
normal in order to prevent ion channeling effects. The range =
of the He" ions in these materials is about 10n, so the -
damage (mostly point defects is approximately uniform
throughout the active region of the HEMTs. The source, 0.005
drain, and gate of the HEMTs were grounded during irradia-
tion 0.000
* | | s [ s | |
dc electrical characteristics were measured using a -1.2 -1.0 0.8 06 04 02 0.0
Hewlett Packard HP4145B parameter analyzer with a HP vV, (V)

Model 16056A test fixture. Data were taken before and after

FIG. 1. Drain current vs gate voltage\§= 0.5 V for several fluences of 3
MeV He" ions is shown. At a fluence of%610"°cm™2, thely—V, curve is
¥Electronic mail: weaverl@ccf.nrl.navy.mil indistinguishable from the zero-fluence curve.
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TABLE |. Threshold voltage and maximum transconductance at various 0.04

; —— ————
fluences are shown. bR ©=0 (2 @ =12x10" (b)
- 050 ® V=0

® (He*/cm?) Gy, (MY Vir (V) 0.03] 1HE o

0 311 ~0.82+0.02 > oF
5% 10'°+20% 31 —-0.82 2 0.02]
2x10M%:10% 30 -0.78 el
1.2x 10+ 10% 27 -0.70 -

0.017

uniformly across alVy, increaseVy, toward zero, and de- 0.00
crease the transconductance. Fluence-dependent values o 00 o5 1o 1s 00 05 10 15 20
Vi and the maximum transconductanGg, are given in v, (V) v, (V)

Table | forV4=0.5V. Similar trends if 4, Vy,, andG have
been observed in irradiated GaAs/AlGaAs and InGaAskKIG. 3. (a) Drain current vs drain voltage for several gate voltages before
InGaP HEMT<L® The generally accepted explanation for irradiation is shown.(b) Drain current vs drain voltage for several gate
radiation-induced decreasesGris a decrease in carrier den- Voltages after irradiation to a fluence of ¥20%cm 2 3 MeV He'/cn? is

. L S . resented.
sity and mobility. Reduced mobility is caused by increased’

scattering of electrons from defects in the 2DEG, and de-

creased carrier density is due to scattering and charge traf” ¢>0 correlate with peaks and valleys in the transcon-
ping in the donor layer. ductance curves, as shown in the inset of Fig. 2. Data were

_ 0 Yt -
Radiation-induced increases Wy, have been reported &S0 taken ath=5x10'" He*/cn?, but are not shown in

previously for GaAs/AlGaAs HEMTs. However, the degree F19S- 1-3 because no radiation-induced changeg iV,
of radiation sensitivity is different in the InGaAs/InAlAs OF G were observed.

HEMTs studied here. In one set of GaAs/AlGaAs HEMTs,  Curves ofl 4 versusV, are shown in Fig. 3 for various
for example, a fluence of 55105 MeV He? ions/crm 2 Vg and®. Three effects of irradiation are evident. First, as in

causedV,, to increase by between 25 and 80 nile. Figs. 1 and 2, the drain current decreases with irradiation.
3%—8% of the initial value o¥/;;), depending on the device S€¢0Nd, Kinks appear and third, a region of negative differ-
structure® For the 3 MeV Hé ions used here, an equivalent ential resistanc&NDR) occurs at the highest fluence for

amount of displacement damage could be produced with §rain voltages between 1 and 1.5V, and ¥4y>—-0.5V.
fluence of about 3.2 10 He* /cn?. (The lower-energy ions Features such as kinks have been studied extensively in unir-

create about 50% more damage per )idBy interpolating radiated HEMTSs, and are generally attributed either to elec-
between data points in Table I, we estimate that the corre/N trapping in the donor layer or impact ionizatiot? The
sponding change iy, for the InGaAs/inAlAs HEMTs appearance of NDR generally implies the onset of real-space
would be only 7 or 8 m\(0.9%—1.0% of the initial value of charge transfer, V\_/herem electrons_ are dynamically shqnted
V), leading to a factor of about 3—9 times higher radiation™®M 1}h1e3 2DEG in the channel into the InAlAs barrier
tolerance in the threshold voltage of InGaAs/InAlAs l@yerKinks and NDR do not occur at lower drain volt-

HEMTSs. The reason for the greater tolerance is currently nof9€S; such as in Fig. 1. _ o _
Known. The gate leakage currehy is plotted in Fig. 4 against

Curves of Iy versusV, are shown in Fig. 2 foiVg Vg for various @, and for V4=1.25V. Similar data are
—2V. The same general trends can be seen asVipr shown in the inset of Fig. 4 fov4=0.5V. For the unirradi-
=05V, but atVyg=2V, thel4—V, curves change shape as ated de_:vicelg tends to zero a¥, approaches zero, with the
the fluence is increased. The “knees” that appear in the dat§*Ception of the hump ify, betweerly=—1.25V and—0.6
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FIG. 2. Drain current vs gate voltage\d§= 2.0 V for several fluences of 3
MeV He' ions is shown. Inset displays corresponding transconductancé&|G. 4. Gate leakage current vs gate voltage at several fluences and for

curves. V4=1.25V is shown. Inset displays similar curves\at=0.5V.
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V, and forV4=1.25V. Radiation damage generally reducestion tolerance, InGaAs/InAlAs HEMTs on InP have good
the magnitude of ; toward zerd? prospects for application in radiation environments.
One notable variation on the radiation-induced decrease

of |I4| occurs at the highest fluence, and for small gate volt- This work was supported in part by the Office of Naval
ages /4<Vq,Vs). In that instance}l 4| not only decreases Research, and by NASA under Contract Nos. NCC 9-50 and

toward zero, but changes sign and becomes positive. NCC 9-114.
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