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COMMUNICATIONS

Electrical isolation and transparency in ion-irradiated
p-InGaP/GaAs/InGaAs structures

I. Danilov,? L. L. Pataro, M. P. P. de Castro, and N. C. Frateschi®
Instituto de Fisica “Gleb Wataghin,” Universidade Estadual de Campinas, 13081-970 Campinas,
SP, Brazil

(Received 3 July 2000; accepted for publication 21 September)2000

He" -ion irradiation was applied for electrical isolation pflng ,dGay s;P in INnGaP/GaAs/InGaAs
structures. Sheet resistance of approximately10f (/] was achieved with doses above 1

X 10" cm™2 at 100 keV. Thermal stability of isolation was maintained for annealing temperatures
up to 500 °C. Photoluminescence results show that InGaP transparency to InGaAs/GaAs
quantum-well emission is closely related to sheet resistance changes in the irradiated structure.
© 2000 American Institute of Physid$0021-897@1)02401-X

High-power aluminum-free laser structures based on aepitaxial structure from the substrate is as follows:GaAs
InGaP/GaAs double heterostructure with a strained InGaAbuffer; n-InGaP (1.05 um, 1x10'® cm™3); n-InGaP (0.15
quantum-well active region are of great interest for erbium-um, 5x 10" cm3); undoped GaA<0.10 um); undoped
doped fiber amplifier§EDFA).* Output power is limited by  Ingy ,,Ga, 7¢As quantum well(7 nm) for an emission at
mirror catastrophic damage caused mainly by optical absorp=0.92 um at 77 K; undoped GaA$0.10 um); p-InGaP
tion at the facets. lon-implantation-induced quantum-well(0.10 um, 2x 10 cm™3); p-GaAs etch-stop layef6 nm,
disordering has been applied to reduce this damagew-  2x 107 cm3); p-InGaP (50 nm, 2x10'” cm3); p-InGaP
ever, free-carrier absorption in the waveguide and cladding0.91 um, 6x10 cm™3); p-InGaP (0.19 um, 1x10'%
layers at the facets is also important. Aluminum-free struccm*3); pT-GaAs (0.1 um, 3X 10 cm*3), and contact
tures can also be used for high on—off switching—efficiencyp++-GaAs layer(0.1 um, >5x 10'° cm™3). The wafer was
three-terminal optical modulato?dn these devices, insulat- cleaved in pieces of 86 mn?. Ohmic contacts at the edges
ing regions are needed along the injection stripes. Wet- angf the samples were formed by indium strips applied to the
dry-etching techniquésprovide a rather easy way for elec- p*++.GaAs surface and alloyed at200 °C for 2 min. The
trical isolation. However, in order to attain sufficiently high p*+_ andp*-GaAs contact layers were removed from cen-
resistance between electrodes, a deep etching of the ING§R| parts of the samples by wet etching. Sheet resistance of
material is required. This leads to discontinuity in the effec-\nirradiated structures was abouk 20 Q/C1.
tive index of refraction along the GaAs waveguide and un-  The choice of Hé-ion energy was based on calculations
wanted optical feedback. _ _ of radiation-defect distributions by therim code! Confin-

~ Lightion irradiation is an established technique for elec-jng the radiation defects inside the InGaP layer without dam-
trical isolation of 1ll-V semiconductors. It has been shownage to the InGaAs quantum well is of importance. For 100
that ion irradiation of InGaP, similar to GaAs, is capable, inpay Het ions, the maximum defect density is located at a

principle, of pgoducing high-resistivity regions in- and 4ot of 0.54um, and the radiation damage formation oc-
p-type layers:® However, basic characteristics of ion- curs only within the InGaP layer. As Heon energy aug-

irradiation isolation i'n InQaP remaip gnknoWimr examp!e, ments to 150 keV, the position of maximum defect moves to
Fhre;hqld dosefs. of |solat|m.nAga|n, It 'S not clear how on .72 pm. The calculated density of replacement collisions
irradiation modifies the optical properties of InGaP, which IStor 150 keV irradiation is equal to 2102 cm™* at the

treated with the necessary doses to achieve adequate higllﬂ'G aAs quantum-well position
resistance value. In this communication, we examine some i

) . . . In order to minimize ion channeling effects, ion irradia-
of the electrical and optical properties pfinGaP material .. . o .
. . o tion was performed with a 15° incidence angle with respect
after different stages of Heion irradiation.

The samples used in this work were grown by chemical-to the sample surface normal. The ion current density was

beam epitaxyCBE) on ann-type (100) GaAs substrate. The maintained in a range of 5-20 nA/éniThe sheet resistance

' R, values with Hé-ion dose accumulation were measured
after each dose step. Indium contacts protect the contact re-
dAlso at: Centro de Componentes Semicondutores—UNICAMP, 13083—97(@0n from irradiation damages
Campinas, SP, Brazil. . ) .
YAuthor to whom correspondence should be addressed; electronic mail: Phot_olumlnescgnc_e Was_ performed at 77 K with the
fratesch@ifi.unicamp.br sample immersed in liquid nitrogen. A 170 mW "Ataser
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. L o . FIG. 2. Photoluminescence spectra of quantum-well emission afteiidte
FIG. 1. Sheetresistané® vs He'-ion irradiation dose. The inset shows the i adiation with dosesA), (B), and (C), as indicated in Fig. 1. The inset

; 3 RS . _ d in
photoluminescence spectra aftex 10 cm™2 He" irradiation for different  ghows the photoluminescence spectrum of an unirradiated structure.
ion energies.

ers will block quantum-well emission mainly by free-carrier
absorption and/or photon scattering. A simple Lorentz—

Drude model for the doping concentration in the InGaP layer

Figure 1 shows the measured sheet resistance versaﬁ/es a skin depth of 3600 and 1400 A for the 107 and

- ; e<l 2 a2 ' )

He"-ion dose accumulation. For dos X107 cm the . 1x 10" cm™2 hole concentrations, respectively. Therefore,

sheet resistance increases slowly with the dose accumulatiof, .. the increase iR. and the increase in InGaP transpar-
S

2 2 —2 T . . .
For doses betweenx10' and 5< 10 cm? an abrupt in ency are a consequence of the reduction in free-carrier con-

crease inRs occurs. This buildup of sheet resistance results. .+ --+i0n caused by the Fidon irradiation. This close re-
from a progressive c;ompensaﬂon of gcceptors by deep'don?étionship betweelRg and transparency indicates that there is
defects introduced into thp-type semiconductor layer dur-

S ¥ X .~ nhoincrease in the number of scattering centers in the irradi-
ing ion irradiation®” Further dose accumulation has little

effect onRg, which seems to reach a plateau-ah X 10° ie:t.g?jialt?g:fo,l?s 's known to oceur for high doses of

. . . At higher He"-ion energies, defects induced by irradia-
I IS necessary to caI_I a“e”t'of‘ o the values of Rie ion start to reach the quantum well, reducing its quantum

level in this plateau. This saturation may be an effect Oefficiency. The inset in Fig. 1 shows the PL spectra for a

parallel current paths either through a thin unirradiatedsample With a dose of X 1013 cm2 for different ion ener-

p-InGaP material, the GaAs cavity, or thdnGaP layer. The

first possibility above is evidence by the increase o the pla

gies. We observe a reduction in quantum-well intensity for
. energies above 100 keV in agreement with our defect simu-
teau Rg to 4.9<10° and 6.6<10° (/] after additional 1 g 9
X 10" cm ™2 dose irradiation with Hé ions of 120 and 150

lations.

. : . The irradiated samples were submitted to thermal an-
keV, respectively. Given the linear character_ of the Currenhealing steps for 60 s in the temperature range from 100 to
versus voltage dependence of the sheet resistance measure-
ment, transport in tha-InGaP layer is very unlike. The typi-
cal GaAs cavity layer grown in our CBE system is uninten- F —T T T T
tionally p-type doped to X 10* cm 3, which has a sheet
resistance in the order of 28L0° Q/C1. Therefore, transport
through this layer limits our sheet resistance measurements.
We can say with reasonable confidence that with an ion-
irradiation dose above the threshddj~8x 10*? cm2, the
InGaP sheet resistance is of the order of QOC1.

Figure 2 shows the photoluminescerifP¢) spectra for a
sample with dose accumulatiod), (B), and(C), as indi-
cated in Fig. 1. The inset in Fig. 2 shows the photolumines- 9100 9200 9300 9400
cence spectrum for the sample prior to irradiation where only 3] WAVELENGTH (R)

InGaP emission ak~6000 A is observed. InGaP emission —t L L

is not observed for any of the irradiated samples. As the 0 100 200 300 400 500 80O
irradiation dose increases, a corresponding increase in ANNEALING TEMPERATURE (°C)
quantum-well emission PL intensity at 9260 A is observed.

He' irradiation creates nonradiative centers in the InGap 'C: 3 Sheet resistandg, for different annealing temperatures for the
sample with an irradiation dose 06310 cm™2. The inset shows the pho-

layer. Therefor_e: quantum-well_ eX_Cita_tion _mlj'St’ in the bestoiuminescence spectrum for the sample before annealing, and after anneal-
scenario, remain unchanged with ion irradiation. InGaP laying at 450 and 550 °C.

beam,\ =0.514 um, and a spot size of approximately 100
pum was used for the optical excitation.
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550 °C in N, atmosphere. Figure 3 shov® values versus resistance, and therefore, there is no evidence of an increase
annealing temperature for the sample with a dose of 3n optical scattering center density with irradiation.
x 10' cm™2, We found an increase &, by a factor of 3 as

the annealind temperature rises to 350—400 °C. Above The authors would like to thank J. Bettini for the epitax-
500 °C there Qi]s a sf?arp decreaseRafto near-unirradiated ial growth of the laser structures and Professor J. W. Swart

value. The PL measurements in the inset show a close relzl;Qr the utilization of the Centro de Componentes Semi-

tionship betweenRg and InGaP transparency for the an- condutores—State - University  of —CampinagCCS—

. . . UNICAMP) facility. This work was financed by the Fun-

nealed samples. The maximum PL intensity corresponds tq_ ~ . : 2
. -~ da@o de Amparo aPesquisa do Estado de &&aulo

the maximumRg, and for temperatures above 500 °C,

the quantum-well emission decreases considerably. Sinc\%ﬁ?ﬁfﬂ?’o ?&eNggnﬁgOth':agggfcljed%opgqulssrfgo[:sen_
changes in the quantum-well emissions peak position and ' N perte]

X - . . ment P I Nivel NQAPES.
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