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MeV ion-induced suppression of resonance current in InP-based
resonant tunneling diodes

B. D. Weaver?®
Naval Research Laboratory, Code 6825, 4555 Overlook Ave., SW, Washington, DC 20375

E. M. Jackson
SFA, Inc., 1401 McCormick Dr, Largo, Maryland 20875

A. C. Seabaugh® and P. van der Wagt®
Raytheon Systems Company, Applied Research Laboratory, P.O. Box 660246 MS 35, Dallas, Texas 75265

(Received 10 January 2000; accepted for publication 7 March)2000

We present the results of an experiment on 12.5 Me¥ $on-irradiated InP-based resonant
tunneling diodes. Radiation damage suppresses the entire resonance in direct proportion to the ion
fluence. The suppression is not caused by a change in the tunneling barrier heights or widths, as
previously thought; nor is it caused by radiation-induced increases in the leakage current. In fact,
none of the internal parameters such as the Fermi energy and the resonant energy of the quantum
well are expected to be greatly altered by the irradiation. We propose that radiation-induced disorder
decreases the resonance current by scattering carriers out of the reduced-dimensional region of
space in which tunneling is allowed. ®000 American Institute of Physics.
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Disorder plays an important role in semiconductor electhousand 0.8 0.3um RTDs in parallel. The third and fourth
tronics. Its presence in the form of dopants is often necessamgontained one hundred 0x®.5um devices in parallel.
for proper device function, but at other times its presence is  Current—voltage (V) curves were measured using a
harmful. In either case, it is important to study how elec-HP 4155 semiconductor parameter analyzer. The RTD arrays
tronic devices respond to disorder. For established technola@isplayedn-shaped curves typical of these bistable devices.
gies such as silicon-based minority carrier devices, there is Bive variables were determined from edehV curve. These
vast body of information on disorder effects, but for new andarel , andV,, the current and voltage at the tunneling trans-
emerging technologies such as resonant tunneling diodesission peakl, andV,, the current and voltage at the trans-
(RTDs9), there is not. mission minimum, and /I, , the peak-to-valley current ra-
Because of their fast switching times and tunable negatio.
tive differential resistance, InP-based RTDs show great po- Irradiations were performed at room temperature in a
tential for a variety of applications. They are the fastest semitandem Van de Graaf accelerator, using 12.5 MeV silicon
conductor switching devices, with demonstrated large signabns incident 7° from the surface normal to discourage ion
switching speeds as high as 300 mV/ps and switching timeshanneling effects. Silicon ions of this energy have a range
as short as 1.5 psThese devices can significantly enhanceof about 6 um in InP, and so traverse the RTDs without
circuit performance and are now being developed for use isignificant energy loss. Disorder caused by 12.5 Me¥/ Si
systems with 10—100 GHz data rafes. consists mostly of point defects such as vacancies and inter-
Particle irradiation is an effective method for creating stitials, and also some larger defect clusters. In a typical ex-
controlled amounts and types of disorder in materials. Onlyeriment, thd —V curve of an array was measured, the array
two studies have been presented so far on irradiated RTDs-was irradiated with an incremental fluende and the proce-
the first using 3 MeV protons, and the second using 3 MeWure was repeated.
helium ions®* Here, we present the results of 12.5 MeV'Si | -V curves for one array are shown in the inset of Fig. 1
ion irradiation experiments on InP-based RTDs. before and after irradiation to a fluence of 2.4
Films were grown by molecular beam epitaxy. The X 10M12.5MeV Sf*/cn?. As can be seen in the figure, ra-
RTDs are based on an AlAs/InGaAs/InAs/InGaAs/AlAs diation damage decreases the peak current and increases the
structure(2/2/2/2/2 nm with InAlAs used to reduce the tun- valley current, while shifting the peak and valley closer to-
nel current density, similar to structures previouslygether. The same trends are observed for all four arrays de-
described. Each device has am'InGaAs contact layer scribed here, and for similar arrays irradiated with protons
above and below the RTD structure. Four arrays of devicegnd helium ions:*
were tested. The first array consisted of one hundred 1 The effect of SI* irradiation on the normalized valley
X1um RTDs in parallel. The second contained one-currentl,(®)/1,(0) is shown in the main body of Fig. 1.
The valley current increases with fluence, but the rate of
aE| o . increase differs among the arrays. Similar results have been
ectronic mail: weaverl@ccf.nrl.navy.mil
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9Present address: Rockwell Science Center, Thousand Oaks, CA 91360. ley current is an important operating parameter in RTDs, it is
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FIG. 1. Normalized valley currenit,(®)/1,(0) for four RTD arrays vs -0 -08 -06 -04 -02 -00 0.2
12.5MeV St* ion fluence. Values of ,(0) are given in the legend. The Volts
dashed line serves to guide the eye. Inset curves for one array before
and after irradiation to a fluence df=2.4x 10'*ions/cn?. FIG. 3. Inset: The difference currehtz=1(®)—1(0) vs voltage for vari-

ous fluences. Main bodydl ¢ /d® vs voltage for irradiated array. Two
L . . independent effects of radiation damage are identified: an increase in leak-
not an intrinsic parameter, and hence, is difficult to studyage current and a decrease in resonance curfein. inset represents high-
analytically. Modeling and computer simulations show thatest fluence.

valley currents depend strongly on initial defect concentra-

tions and numerous other nonideal effé¢teat are unknown jrradiated array from that of the unirradiated array. The result
for these speC|_f|c arrays. Therefore, a detailed analysis of thf this procedure is shown in the inset of Fig. 3, whegg
valley current is not undertaken here. =|(®)—1(0) is plotted against voltage at various fluences.
ence in Fig. 2. To within 3% uncertainty, the peak current\jev jon damage decreases the resonant tunneling current.
decreases linearly with fluence, at the same rate for all fougecond, for voltages outside the resonance, the same damage
arrays; that is increases the leakadee., nonresonangeurrent.
_ The two trends are easier to see in the main body of Fig.
I ,(®)/1,(0)=0.986-(1.19x 10" *2cn?) d. 1 : : :
p(P)/15(0) ( ) @ 3, where the fluence-normalized differential current
Equation(1) is depicted as the solid line in Fig. 2. The peak dlg/d® is plotted versus voltage for various fluences. As
current decreases linearly for proton and helium ion irradiain the inset, the curve has two components. The part due to
tions as welf* leakage can be fit by
Thg normahzed peak-to-valley current ratlg/l, is (d1/dD) o= 2.2 V|2 )
shown in the inset of Fig. 2. As can be segyYl, decreases . . . _
with fluence, but not in the simple, uniform, linear way that ~ The second important component in Fig. 3 is the
the peak current decreases. We attribute this difference to tifsience-independent decrease in the resonant tunneling peak.
influence of the less-predictable. This component is fit by a Maxwell-Boltzmann distribution
In order to examine radiation damage in the RTDs in

more detail, it is useful to subtract tHe-V curve of an %) — —AV2e 25 (©))
res
- . - where A=65uA/10%cn?, andV is in volts. The sum of
s 10 h e 1 Egs.(2) and(3) fits the data in Fig. 3 very well.
E E;Z ' Integrating Eq(3) with respect tob gives the tunneling
(&) 510-6 '|!‘ currentl s as a function of fluence and voltage
=< 09 ™ 04} Fluence (Si**/em? )
3 ! bt A led ®,V) =1 1o ON) — ADV2e 257, @
3 Before discussing the implications of Ed@,), we briefly
N 0.8 Array 1,(0) (nA) comparel sandl,. |, is an empirical parameter represent-
f_g d ; ;‘; ing thetotal currentl ,(®,V) at the peak of thé—V curve. It
5 = 3 68 f may include contributions from leakage, and occurs at dif-
Z 077 & 4 36 1 ferent voltages\;,) for different fluencesl .sexcludes leak-
0 : ' ‘ 30 age effects; it describes the entire resonance, and the position

of its peak is independent of fluence. In other words

liol(P,V) =1 D,V)+1,{ P,V 5
FIG. 2. Normalized peak curren,(®)/1,(0) vs fluence for four arrays. ol ) eal ) red ) ©
Values of 1,(0) are given in the legend.(®) decreases linearly with and
fluence for each array. Solid line: best fit to data. Inset: normalized peak-to-
valley current ratio vs ion fluence. Io(®) =l P,Vp). (6)
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It can be seen from Ed4) and Fig. 3 that although the radiation-induced defects impedes tunneling by removing
amplitude of the resonance current decreases linearly witbarriers from the narrow, dimensionally-constrained region
fluence, its shape remains fixed. Therefore, the parameted§ k space in which tunneling is allowed.
that determine the resonance shape must be unaffected by o
irradiation. These parameters are the heights and widths of 1 ne authors gratefully acknowledge the contributions of
the barriers in an RTD, the Fermi energy, the resonant ene- P- Summers and S. R. Messenger. This work was spon-
ergy of the quantum well, and the carrier effective nfass.SOred in part by the Office of Naval Research.
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