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Deep levels in heavily Zn-doped InP layers implanted with Ti and Ti/P
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We have investigated deep level peaks observed in the photoluminescence spectrum of heavily
Zn-doped InP layers grown by metalorganic chemical vapor deposition at energies centered at 0.89
and 0.94 eV. These peaks are enhanced when the samples are implanted with Ti. When P is
co-implanted, however, the intensity of these peaks decrease, and at an increased dosage, the peaks
disappear from the spectrum. The peaks are, therefore, dependent on the phosphorus vacancy
produced by the excessive Zn doping or the implant damage. Hall measurement data show that the
Ti/P-implanted p-type InP layer is converted to n type with its sheet resistance decreasing and the
donor activation of Ti increasing for higher P co-implant dose. In addition, the photoluminescence
intensity of the deep level peaks is highly correlated with the sheet resistancE99® American
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Zn is a commonly used-type dopant in InP based com- nescencdPL). In addition, Ti/P co-implantation is carried
pounds grown by metalorganic chemical vapor depositiorput to investigate the effect of stoichiometric balance on the
(MOCVD). Because of its characteristics such as electricafleep level distribution.
activity, controllable incorporation with no memory effect, ~ Zn-doped InP layers with 1.am thickness were grown
and low residual toxicity;® Zn is often the preferred choice On Semi-insulating100) InP(Fe) substrates using low pres-
in InP over othem-type dopants such as Be, Cd, and I\/lg'sure MOCVD. Th_e source chemmals_ were Frlmethyl-mdlum
High doping concentrations are desirable in many semicon(-TMm)' phosphine (PH;) and diethyl-zinc (DEZn).

. . : Palladium-purifi w rrier nd th
ductor devices for reduced parasitic resistances and RC con-a adium-purified B was used as a carrier gas and the

- . _growth rate of InP was 3.4m/h at a growth temperature of
stants. However, it is known that free—holg ;:onciegntratlon o0 °C. Some samples were implanted with Ti at 80 keV
the Zn—dgped InP layer saturates at a mld_ I~ level  ith a dose of K10Y cm2. Others received Ti/P co-
and precipitates of Zj, and Zn are responsible for the hole jmpjantation with identical Ti implantation condition, but
saturatioft also with P implanted at 55 keV with doses ok 10

Implantation is a widely used fabrication technology thatcm=2, 5x10' cm™2 and 1x10'® cm™?, respectively. The
allows planar and area selective processes. It has especialiyiergy of the P implant is designed to make its profile coin-
been proven to be an effective way of achieving interdevicecide with that of Ti. All implantations were performed at
electrical isolation in GaAs and InP related materfalB.  room temperature with the substrates tilted at 7° with respect
implantation has been studied due to its thermal stability ato the beam to avoid the effect of channeling. The annealing
high temperaturdsand larger solubility than other transition Was done for 30 s at 650 °C, 700 °C and 800 °C, respec-
metals such as Fe or Gd&Recently, Ti implantation has been tively. Low temperature PL measurements were made at 9 K
used in forming the guard-ring of a planar long wavelengthUSing & closed cycle He refngerator. The samples were ex-
avalanche photodiodé\PD).8 cited with the 514.5 nm line from an Arlaser, where the

. . .. excitation power was 10 mW. Hall measurements were per-
However, defects in an implanted InP layer cause limi- P P

formed at room temperature with alloyed contacts in the van

tations in the device performance and reliability because de,
der Pauw geometry.

fef:ts and their complexes act as deep elec?tronic traps in- the Figure 1 shows the PL spectra of the as-grown layers
middle of the semiconductor band gap. It is, therefore, im<,ith hole concentrations of 756107 and 1.5¢10 cm™3.
portant to understand the conditions under which these derne |atter is a saturated level. The spectrum in Fig) & for
fects are formed, how they behave, and how they can bghe 7.6<10'” cm~3doping, and characterized by peaks cen-
controlled. In this work, we report the deep levels associategered at 1.408, 1.378, and 1.334 eV. The 1.408 eV peak is
with phosphorus vacancies in the as-grown Zn-doped Influe to band edge transition, whereas the 1.378 eV peak is
layers grown by MOCVD onto which Ti is implanted. The due to band to acceptofB-A) transition involving Zn

characterization is done using low temperature photolumiacceptors. The 1.334 eV peak is donor to accept@-A)
transition, which we confirmed by the blueshift dependency
SElectronic mail: ssk@helios.snu.ac.kr of the corresponding energy on the excitation poWen th_e_
bAlso with: School of Materials Science and Engineering & Inter- SPeCtra from samples with saturated Zn doping, additional
University Semiconductor Research Center. peaks centered at 0.89, 0.94, 1.228 and 1.274 eV are seen as
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FIG. 1. PL spectra of as-grown p-InP layers are shown with different hole
concentrations. Hole concentrations we@ 7.6x107 cm 3, (b) 1.5 B 7]
x10'® cm™3 at DEZn flow rate of 0.12 sccm an@) 1.5x10% cm™2 at L ! L ) !
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in Figs. 1b) and 1c). The hole concentration was saturatedFIG. 2. PL spectra of Ti implanted and Ti/P co-implanted, originaHiype
t0 1.5x 108 cm~3. but different DEZn flow rates were used InP Iayers are shown as a function of phosphorus co-implant (_mse aF an
! annealing temperature of 800 °C. Annealing was done for 30 s in flowing

for (b) and (c). These peaks are not observed at the hOIQ\lz.Ti implantation was at 80 keV with a dose 0k10™ cm™2. Phosphorus
concentration of 7.810"” cm™2 and the ones below. The co-implantation was with doses (8 no phosphorusib) 1x10% cm™2, (c)
peaks centered at 1.228 and 1.274 eV also showed the ex&ix10" cm 2 and(d) 1x10" cm™? at 55 keV.
tation power dependency, thus indicating D-A transitions at
each Zn doping. The small peak at 1.334 eV in Figb) and
1(c) did not show the excitation power dependency unlikesamples which received different doses of P co-implant. We
the large peak at the same position in Fige)1The formeris can readily see that the intensities of these deep level peaks
the LO-phonon peak while the latter represents the D-A reduce with increasing P dose, and at the P coimplant dose of
transition, which is overshadowed by the strengthened B-ALx10Y cm™2, the deep level peaks completely disappeared
transition at higher acceptor concentrations in Figb) and  from the spectrumFig. 2d)]. The Zn related transitions
1(c). such as B-A and D-A, dominate the PL spectra. Thus, these

The peaks at 0.89 and 0.94 eV did not show the excitadeep level peaks at 0.89 and 0.94 eV must be phosphorus
tion power dependency, but their intensities increased wittvacancy related. These peaks appear when such vacancies
the flow rate of DEZn, as shown in Figs(bl and Xc). As  are formed by introducing excess Zn or implant damage, but
mentioned above, the hole concentration saturates at 1dan be reduced in size by introducing additional P. Below we
%10 cm™2 and for increased DEZn flow rates. The excessshow how the P co-implant affects the donor activation of
Zn may be consumed in local precipitation of;Pp, which  implanted Ti and how the deep level PL peaks are correlated
is energetically more stable than InP at growthwith the amount of activation.
temperaturé? Local strain energy from the precipitate in the We took Hall measurements from the Ti/P co-implanted,
zincblend structure may be lowered by P vacancy formationheavily Zn-doped InP samples as a function of annealing
We will show below that these peaks are indeed related to Eemperature. Figure 3 shows the sheet resistéRgeof the
vacancy. samples implanted and annealed at 650—800 °C using three

We have implanted Ti into the Zn-doped InP samplesP doses. The origingl-type samples were all found to have
corresponding to the PL spectrum of Figbjland observed converted ton type. Our sheet resistance data, summarized
the changes in the peaks of interest. The implanted sampl@s Fig. 3 as functions of P co-implant dose and annealing
were subsequently annealed using rapid thermal annealirtgmperature, show that the sheet resistance decreases with
(RTA). Figure Za) shows the PL spectrum of a typical Ti increasing P co-implant dose and temperature. Ti acts as a
implanted sample annealed at 800 °C where the peaks cedenor if it occupies column Il(In) sublattice and forms a
tered at 0.89 and 0.94 eV enhanced. Implants may causkeep level at 0.63 eV below,fn InP* The co-implanted P
damage in the form of vacancies and interstitials due to thé¢hat replaces the vacancy helps restore stoichiometric bal-
difference in the amount of recoil of each atdfngausing ance and enhances the donor activation of Ti. We have used
stoichiometric imbalance. It is, therefore, reasonable to conBe/P co-implantation in InP where the Be activation was
sider that the peaks are related to such defects. significantly improved by the co-implantedPThe stoichio-

We continued our study by co-implanting P with Ti. metric and damage effects of P were used to explain the
Figures Zb), 2(c) and Zd) show the spectra obtained from latter.
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smaller amount of the PL intensity for the deep levels.

for higher P co-implant dose is also shown to be highly
correlated with co-implanted P dose and the PL intensity of
the deep level peaks mentioned above.
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FIG. 3. The sheet resistand®,) of the InP layers after the Ti/P co- : ; : :
implantation is shown as function of phosphorus co-implant dose and anneﬂﬂ This work was fmanCIa"y Supported In part by KOSEF
temperature. The sheet resistance decreases at higher P co-implant dose BafoUgh OERC Grant No. 97K3-0809-02-06-1 and by the

higher anneal temperature. Ministry of Education of Korea through Grant No. ISRC-97-
E-3205.
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