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The evolution of sheet resistanB of n-type andp-type conductive AlGa, _,As layers(x=0.3,

0.6, and 1.D during proton irradiation was investigated. The threshold ddgeto convert a
conductive layer to a highly resistive one is slightly differentrieandp-type samples with similar

initial free carrier concentration and does not depend on the Al content. The thermal stability of the
isolation, i.e., the temperature range for which ads maintained at= 10° ()/sq, was found to be
dependent on the ratio of the carrier trap concentration to the original carrier concentration. The
thermal stability of isolatedp-type samples is limited to temperatures lower than 450°C. The
temperature of=600°C is the upper limit for then-type samples thermal stability. @002
American Institute of Physics[DOI: 10.1063/1.1427422

AlGaAs—GaAs is one of the most widely used com-was shown that the threshold dose to convert a conductive
pound semiconductor structures for a broad range of devickyer to a highly resistive one and the thermal stability of
applications. High mobility of the electrons at the interfaceirradiated AlGaAs do not depend on the Al content. In addi-
of modulation doped AlIGaAs—GaAs heterostructures has letion to providing a better understanding of the physical
to the fabrication of high electron mobility transistdrs. mechanisms responsible for electrical isolation, these results
AlGaAs—GaAs structures are also widely used to fabricatean be used for choosing implant conditions necessary for an
heterojunction bipolar transistdrand various kind of lasers, effective electrical isolation of AlGaAs-based devices.
from edge emitting lasers to vertical cavity surface emitting  Semi-insulating VGF GaAs wafers ¢100 orientation
lasers® There is much interest in multiple section lasers,were used in this work. Epitaxial layers ofn for p-type
which allow generation of picoseconds laser pufsger this and 2 um for n-type ALGa,_,As were grown using the
purpose the carrier lifetime in the absorber section needs tANU metalorganic chemical vapor deposition reactor. In or-
be minimized. This could be achieved by introducing dam-der to prevent oxidation the samples were covered with a
age in the material, in order to create deep level centers andaAs capped layer of 20 nm. Samples with Al contenk of
to decrease nonradiative lifetime. It is also necessary to elec=0.3, 0.6, and 1.0 were grown. An electron concentration of
trically isolate the gain and absorber sections. Both thes&.5x10%cm™2 in the n-type samples was obtained by Si
properties can be achieved by ion implantation. Proton andoping. Thep-type doping was achieved by background car-
nitrogen bombardments of laser diode facets have beelmon doping form the precursor trimethylaluminium. This re-
reportect sulted in different carrier concentrations for thetype

lon implantation is an essential process for the producsamples with an initial free carrier concentration of 3
tion of modern compound semiconductor devices and cirx10%, 1.2<10Y, and 1.%10Ycm™2 for Al,Ga,-AsS,
cuits and has been proven to be a successful method to coAt, (Ga, ,As, and AlAs, respectively. This is mainly due to
vert a conductive layer into a highly resistive diteDue to strong Al-C bonding, leading to increased incorporation of
its simplicity, precise depth control, and compatibility with C with higher Al content layers.
planar technologies, ion implantation is a potential alterna- The samples were cleaved in pieces of Emn? for the
tive for mesa etching. Selective masking of the semiconducpreparation of resistors. The ohmic contacts were performed
tor surface with photoresist followed by ion irradiation is an by manually applying indium and sintering a200 °C for 2
efficient and practical way to isolate closely spaced devicesmin. The prepared samples were irradiated with protons at an
The isolation of GaAs by ion irradiation has been studiedenergy of 600 keV in the dose range ofx10%-1
intensivel)/?‘7'9‘11The isolation results from the trapping of x10*cm™2 The ion current density was 62 nA/énand
free carriers by deep level centers that are not thermally ionirradiation took place at room temperature. Implantation en-
ized at device operating temperatures. ergy was chosen to place the damage peak in the GaAs sub-

In this work, we study the formation of highly resistive strate, generating a uniform defect profile along the AIGaAs
layers by proton irradiation ai- andp-type ALGa,_,As. It |ayer depth. To minimize ion channeling the samples were

tilted 15° off the surface normal direction. The sheet resis-
“Author to whom correspondence should be addressed; electronic maifaNC€Rs values were measured situ after each irradiation
henry@if.ufrgs.br step using a Keithley 617 electrometer.
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Dose [cm'z] one can conclude that the threshold dose to convert a con-

ductive layer to a highly resistive one is slightly different for
FIG. 1. Sheet resistance vs dose accumulatiop-type (a) andn-type (b) n- and p-type AlLGa _,As samples with similar initial free
AIGgAs layers with different Al contents. The ion current dengiand free 5 rrier concentrations and does not depend on the Al content.
carrier concentrations or p are shown. . . . .
It is interesting to compare these results with the previ-
ously published damage buildup data for @&, _,As of dif-

The implanted samples were subjected to rapid thermaferent Al compositions? where the amorphization threshold
annealing in the temperature range of 100—650 °C, for 60 screases with increasing Al content by more than 2 orders of
in an argon atmosphere. The annealing cycles were accummagnitude. This is due to strong dynamic annealing behavior
lated in the samples. THR; was measured in the resistors at increasing the Al content. The nondependence of the thresh-
room temperature in the dark. old dose for isolation with the Al composition shows that the

Figure Xa) shows the evolution oRg in p-type AlGaAs  defects responsible for the free carrier trapping are special
layers with the accumulation of the proton dose at the energiinds of defects, very stable at room temperature. The natu-
of 600 keV in resistors with different Al contents. During ral candidates with these characteristics are antisite defects or
dose accumulatioR increases as a consequence of carriecomplexes.
trapping and mobility degradatidh. The thermal stability of the implanted samples was stud-

The dose for whichRs reaches the maximum value ied using doses from different regions of the isolation
(=5%x10°Q/sq) is hereafter called the threshold dose forcurves(See Fig. 1 The isolation is considered to be stable
isolation Dy,. A similar sharp increase iR, has been ob- at a given temperature iR persists at~10°)/sq after
served in all the samples, but the dose interval where it ocannealing at that temperature. Figure 2 presents evolution
curs shifts to higher doses proportionally with the initial free of Rg with the annealing temperature of the implanitetype
hole concentratiorp. It is interesting to mention thab,,  resistors using four different doses: xX@0=cm 2
depends linearly on the free carrier concentration but doegDy); 3X10"cm ?(5Dy); 1X10%cm 2(17Dy,), and 1
not depend on the aluminum content of the samples. Fox 10°cm 2(167Dy,).
doses equal to or higher than the threshold dose there are no In the sample irradiated with the lowest dose (6
free carriers in the doped laydR, saturates at its maximum Xx10cm™?), R, starts to decrease at250 °C. Increasing
value, which is determined by the electrical conductionthe dose to X 10'*cm™2 the isolation persists up to 400 °C.
through the underneath semi-insulating GaAs substrate. ThEhe conductivity is enhanced by about 5 orders of magnitude
current flows underneath and parallel to the isolated dopeduring annealing at 450—550 °C. In the sample irradiated to
layer. The plateaus end when the damage concentration iee dose of X 10"°cm 2 one can observe that the above
high enough to permit carrier transport via hopping conducimentioned annealing stages Bt500°C are absent. The
tion. Further dose accumulation leads to a decreasg dfie  isolation is stable up to 600 °C. After an irradiation to the
to an increase of hopping conduction. dose of 1X10cm 2, Ry is reduced to~10’ )/sq due to

Figure 1b) shows the evolution of similar dose accumu- hopping conduction. A reverse annealing, i.e., the increase of
lation in resistors with different Al content oftype layers. Ry with annealing temperature, is observed in the tempera-
Similarly to p-type samples, the nondependence of thg  ture range of 100-500°C. The improvement of isolation
on the aluminum contents Is even more clearly seen heravith temperature is explained by the progressive annealing
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