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Electrical isolation in GaAs by light ion irradiation: The role of antisite
defects

J. P. de Souza,? I. Danilov, and H. Boudinov
Instituto de Fsica, UFRGS, 91501-970 Porto Alegre, R.S., Brazil

(Received 9 October 1995; accepted for publication 14 November) 1995

The evolution of the sheet resistand®,) in n-type GaAs layers during ion irradiation was studied
using light mass projectiles like proton, deuterium, and helium ions at various energies. For all the
cases, at the beginning of the irradiatid®, increases with the accumulation of the dose. After
reaching~10° Q/0J, R, saturates, forming a plateau. This plateau is succeeded by a decreasing of
R, with the increase of the dose, denoting that conduction via damage-related mechanisms is taking
place. The threshold dose to convert the conductive layer to a highly resistive one at room
temperature or at 100 °C is found to scale with the inverse of the estimated number of displaced
lattice atoms along the depth of the doped layer. Antisite defects formed by the replacement
collisions are invoked to play the major role in isolation formation in GaAs by virtue of their lower
sensitivity to dynamic annealing compared to other point defectsdl9@6 American Institute of
Physics[S0003-695096)04904-1

lon implantation plays a fundamental role in the devel-  The present work deals with the formation of the elec-
opment of discrete devices and integrated circ(i®s) in  trical isolation in shallow Si-doped GaAs layers using light
[11-V compound semiconductor technology. The ion irradia-ion irradiation. The sheet resistand®,) of the samples was
tion of the 1lI-V materials presents a unique feature com-monitored during irradiation with different ions at nominal
pared to that of Si, since it can convert conductive layers tdgoom temperaturéRT) or at 100 °C. The ion dose required
highly resistive one$3 The masking of defined areas of the to increaseRs to a maximum level was correlated with the
semiconductor surface with photoresist followed by irradia-estimated number of displaced lattice atoniéy) in the
tion with proper ion doses and energies constitutes an effidoped layer.
cient and practical technique to isolate closely spaced de- Semi-insulated LEC GaAs wafers ¢100) orientation
vices. It is commonly assumed that the trapping of carriers atvere used throughout this work. The wafers were implanted
the irradiation damage or at deep centers associated to sp& doses in the range of 1-%30'° cm™2 of *Si* or
cific impurities used for irradiatioichemical isolationare ~ *'SiF" at the energy of 30 or 50 keV, respectively. The thick-
the mechanisms that promote electrical isolation. ness of the doped layer where the Si atom concentration

The degree of electrical isolation after ion irradiation andexceeds 1& cm=2 is 200 nm, as measured by SIMSot
low temperature annealin300-500 °G is even superior shown). The electrical activation of the implanted Si was
than those provided by mesa structures. Commonly emPerformed by caplessSi proximity) rapid thermal annealing
ployed ions for isolation purposes include BH** O+ 3° (RTA) in the temperature range of 3257925 °C for 10 s.
etc. The choice of the ion depends on the thickness of th&fter RTA the samples were cleaved in pieces @f%”_‘mz
layer to be isolated and the required thermal stability of thOF resistors devices or66 mn for van der Pauw devicés.
isolation? The ohmic contacts to the samples were provided by In ap-

Besides the fact that in semi-insulatit®l) GaAs wafers  Plied to the GaAs surface after sintering 200 °C for 2
the devices are fabricated self-isolated by masked dopant iff'in- The In layers form masks that prevent ion irradiation of
plantations, the surface conditions in the passive regions meﬁ?e contact regions. ) -
affect the isolation degree. One of these detrimental effects, The dev2|0e+s were |rrad|at§:~d ?t RT with at 50, 100,
called the backgating effect, occurs in complex GaAs ICs. " 150 kev, HO at 40 kéav O,rzHe. at 80 keV i the .do?e
consists in the reduction of the drain-to-source current o 9¢ of :10'°-1x 10" cm"* with fon current density in

f. . : L he range of 10 nA/cito 0.5 uA/cm?. In a limited number
ield effect transistors by the negative biasing of a closely . . o —y
. . ~of samples, the irradiation was conducted at 100 °C. To mini
spac em_-typ(_e c_ontact. It has_ peen reported that the ISOIaF'Onmize ion channeling the device surface normal was tilted by
by '0'} 6|rrad|at|on can significantly reduce the backgat|ng7o in respect to beam incidence direction. The energies were
effect.” . . . . chosen in order to get the projected ranges at least two times
Besides the fact that the isolation process is currentl;eeeper than the layer depth
uged in the industry, the physical processes involved with The R, values were measured after each dose step using
this process are not completely understood at present andy eithiey 617 electrometer without breaking the vacuum in
reports of systematic investigations are lacking in the literay,o target chamber. The van der Pauw devices were irradi-
ture. ated to a single dose step and unloaded from the chamber for
Rs and Hall effect measurements.

dElectronic mail: souza@if.ufrgs.br Figure Xa) presents the evolution d® during *H™ ir-
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FIG. 1. (a) Dose dependence of the sheet resistance for 50kEVirra- FIG. 2. (a) Dose dependence of the sheet resistance in identical samples for

diation at RT in samples having original sheet carrier concentration of 7.7rradiation at RT with*H* at 50, 100, or 150 ke\H™ at 40 keV or*He" at
X10" cm2 (curve 1), 8.9x10'2 cm™2 (curve 2, or 1.6<10" cm 2 (curve 80 keV. (b) The estimated numbers of displaced lattice atomNs) (are
3). Curve 4 represents the case of a S| GaAs sample submitted to an ideplotted vs the threshold doses obtained from dat@)inThe straight line of
tical irradiation. (b) The original sheet carrier concentration of the doped slope —1.0 represents the best fitting to the data.
samples are plotted vs the threshold doses obtained from da&. ifihe
straight line of slope 1.0 represents the best fitting to the data.
concentration of accumulated damage is the main parameter

. ) i ) . . governing this kind of conductivity.
radiations at 50 keV in resistors having original sheet carrier” | Fig. 1(b) the 'H* threshold doseftaken from data in

concentration 'ﬁgs) Offszloll (curve 3, 8'9X1012 (curve g 1(a)] are plotted versus the original values mf. For

2), and 1.6<10" cm (curve 3. The evolution ofRsinan g0 arR_value, the carrier concentration in the doped layer

undoped Sl sample sub.m|tted’ﬂd+ iradiation(at 50 ke ig pegligible. The fitting to the data in Fig.() with a

is also included in the figurecurve 4. At the beginning of  gyaight line of slope 1.0 suggests that the carrier trapping

the irradiation of the doped sampleR, increases with the  gcajes with the irradiated dose and thus with deposited en-

increase of the dose. In the s_ample having the I_omge(lsee ergy in the doped layer. From the data in Figb)lone can

curve 1, R presents a sharp increase of about five orders ofstimate that an average number of 4.7 protons of 50 keV

magnitude(dose<5x 102 cm~?). Similar Ry enhancement energy is required for a single carrier removal.

is observed in other doped samplege curves 2 and)3 Figure 2a) shows the evolution oR; in identical resis-

However, the dose interval, where the sharp enhancement g, (ng=7x10" cm™?) irradiated with'H* at 50, 100, and

Rs occurs, shifts to the higher dose regions proportionallyj50 kev,2H* at 40 keV orHe™ at 80 keV. It is clearly

with the value of the originahs. Electrical measurements in apparent the progressive shift of the curves towards lower

van der Pauw devices revealed tiatincreases due to mo- dose region with the decrease of the ion energy or the in-

bility degradation and reduction of; in consequence of car- crease of the ion mass.

rier trapping.Rs of the doped samples reach their highest  In Fig. 2(b) are plotted the estimated number of lattice

levels (=10° /) after proper dosegcalled hereafter atom displacements produced per individual ion in the doped

threshold dosgshave been accumulated. Continuing thelayer (according totRiM simulation§) versus the threshold

dose accumulation, thes values remain approximately con- doses. Lattice atom displacement energies of 9 eV for Ga and

stant forming plateaus that extend up to a dose of 20 eV for As were adopted in the simulatiohs.

X 10" cm 2. TheRs levels in the plateaus in Fig(d) are of The fitting to the data in Fig.(®) with a straight line of

the same order of magnitude of that the Sl sanfpiave 4 slope —1.0 demonstrates that the carrier removal processes

and hence correspond to the lack of mobile carriers in th&cale with the inverse of the estimatiig .

doped layers. The evolution ofRg with the He" dose at 80 keV is
The decreasing oR for doses beyond 210 cm 2  compared in Fig. 3 for irradiations performed at RT and

has been explained by the onset of damage-related condut0 °C. In the latter case, tHe, measurements were per-

tion mechanism$.Since this conduction starts to manifest at formed without cooling the sample, i.e., at 100 °C. The lower

a similar dose in the four samples, one can presume that tHevel of the plateau corresponding to the hot irradiation is

536 Appl. Phys. Lett., Vol. 68, No. 4, 22 January 1996 de Souza, Danilov, and Boudinov



According toTriM® simulations, the numbers of replace-

10 '  pw ' ' I ment collisions per income ion taking place in the doped
g 10°% ] - layer for irradiations conducted with 150 keé¥A™, 100 keV
S i H*, 50 keVH", 40 keV2H", and 80 keV*He" are 0.58,
o _ 0.84, 1.84, 4.00, and 16.7, respectively. We have to consider
S 107k 3 that only one half of the replacement collisions form antisite
s i defects. Thus, dividing the numbers of replacement colli-
z 107 sions by two and multiplying by the threshold ddgeom
S 10k ] Fig. 2(b)], one obtains values of the same order of magnitude
- g E of the originalng.
$ 10% In summary, we studied the effects of light ion irradia-
< 103; tion on the sheet resistance oftype GaAs layers. The

3 3 threshold dose to convert tindayer to a highly resistive one

10° 10" 10% 10° 10" 10" 10* was found to closely correlate with the estimated number of

lattice atom displacements along the depth of the doped
layer. The threshold doses are quite similar for irradiations

conducted at RT or at 100 °C, in spite of the enhanced dy-

namic annealing in the last case. Antisite defects originating

at the replacement collisions and/or their related defect com-
lexes are considered to be the carrier trapping centers, by
irtue of their low sensitivity to dynamic annealing.

Irradiated Dose (cm™)

FIG. 3. Dose dependence of the sheet resistance for 8dHeVirradiation
at RT (20 °Q) or 100 °C.

caused by the thermal increasing of the GaAs conductivity. IE

is interesting to note that quite similar Hehreshold doses This work was partially supported by Conselho Nacional

(4-5x10* cm ?) were found for irradiations conducted at d : ; - :
e Pesquisa@€CNPq and Financiadora de Estudos e Projetos
RT and at 100 °C. The same temperature dependence of t'?Einepq q )

threshold dose is obtained o™ irradiations(not shown.

These datg are in apparent c_ontrast with the lower damages_ J. Pearton, Mater. Sci. Ref. 313 (1990.

accumulation that occurs by virtue of the enhanced dynamic@p. v. Morgan, F. H. Eisen, and A. Ezis, IEE Pra28 109 (1981).

annealing during the irradiations at 100 °C. Consequently,jK- T. Short and S. J. Pearton, J. Electrochem. 985, 2835(1988.

the carrier trapping should be associated with irradiation de-sg' NC I:Dacgﬁzég 'JEiEpTIraP”hSﬁ';'ezcégozn( E)‘;‘g"@'zg' 1051(1982.

fects of weak sensitivity to dynamic annealing. This fact s; p ge Souza and D. K. Sadana, Mater. Res. Soc. Symp. R1QB87

strongly suggests that they are presumably antisite defects1993).

(Gans and Asgs,) that are formed at the replacement collisions L. J. Van der Pauw, Phillips Res. Ref8, 1(1958.

in the doped layer. Very likely the structures of the carrier - © Ziegler, J. P. Biersack, and U. Littmakhe Stopping and Range of
. . . .. lons in Solids(Pergamon, Oxford, 1985Vol. 1.

trapping sites may include antisite-related defect complexes; w. corbett and J. C. Bourgoin, Point Defects in Solidsedited by J.

as well. H. Crawford and L. M. Slifkin(Plenum, New York, 1976 p. 118.
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