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We report on the results of ion implanted and annealed InP for ultrafast
optoelectronic applications. MeV ions (P', As+, In2', and Ga') were implanted
into semi-insulating InP at 2 0 f f C to n dose of I x 10l6 cm9. The samples were
then annealed at 400. 500, 600 and 70ffCfor 30 seconds and Hall effect, time
resolved photoluminescence, and double crystal X-ray dtffkmometry (DCXRD)
measurements were performed on them. Generally, carrier trapping times
decreased for lower annealing temperatures and larger ion mass, however the
golliuni implonted samples exhibited the shortest trapping tinres (less than I ps)
even though the mass of gallium is similar to that of arsenic. At annealing
temperaturesof 600 and 700°C. it is presumed that the creotion ofshallow donor
levels hos caused the maximum sheet re.&ivities to drop ro -300 ohmhquore
from the as implanted values of
2 x 1 6 ohm/square. DCXRD specrra were
similarfor the P' and As* implanted samples, while the Gat and In + implanted
samples exhibited d i f f r n t types of structural evolution as aJimction ofannealing
temperature. While these matwials have resistivities that are too lowfor use in
ultrafast photodetectors, they are ideal as saturable absorbers f o r the mode
locking of solid state lasers.

-

A. Introduction
Non stoichiometric 111-V compounds have drawn considerable interest in recent years
due to their unique properties such as high resistivity, good camer mobility'and short carrier
lifetime. Both low temperature (200°C) grown FaAs and ion implanted GaAs after annealing
[I-61 have these properties, which are ideal for ultrafast photodetector applications. Recently,
these materials have also been used as saturable absorbers for the mode locking of solid state
lasers to create femtosccond and picosecond laser pulses [7]. LT grown InP has also shown its
suitability for ultrafast optoelectronic applications [a]. In this work wc investigate the effect
of implanting different ions into semi insulating InP.
B. Experimental

Semi insulating Fe doped InP samples were implanted with P', A d . Ga' and In" at energies
of I, 2.2.1 and 3.3 MeV respectively, at a dose of I x 10l6 cm.', and a substrate temperature
of 200'C. The implantation energies were calculated using TRIM (Transport of Ions in
Matter) to place the maximum damage at a depth of- I pm from the surface.
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Fig I: X-ray rocking cuwes from InP implanted at 200'C with a dose of 1 ~ 1 0cm.'
' ~. I MeV
P' (a), 2MeV As' (b), 2.1 MeV Ga' (c) and 3.3 MeV InZt (d). Spectra vertically shifted for
clarity.
The amount of damage was expected to increase with increasing ion mass. Rapid thermal
annealing (RTA) was thcn performed on the samples at 400, 500, 600 and 700°C for 30
seconds, and in an Ar atmosphere. Carrier lifetimes in the samples were measured by time
resolved photolumincscence (TRF'L), with a femtosecond self-mode lockcd Ti:sapphirc laser,
using a Lilo, nonlinear ctystal. The I~scrwas tunable between 750 and 900 nm, the pulse
width was 80 fs, the repetition rate 85 MHz, and the output power was 200 mW at h=780 nm.
Double crystal x-ray diffractometry (DCXRD) and Wall effect measurements (Van de Pauw
method) were also performed on these samples.

C. Results and Discussion
Figure 1 shows the DCXRD spectra for implantation with the four different ions. Pi
and Asi implantation produce similar spectra - and presumably similar types of damage -with
periodic fringes on the negative angle side of the rocking cuwes. These fringes have been
associated with a sharply defined layer of positive strain (expansion); etchingiDCXRD
experiments (not shown) have confirmed that these fringes correspond to a region
approximately one micron into the sample,that is, where the maximum damage and
concentration of interstitials is located. This damage is mostly annealed out at a temperature
of 600"C, and the rocking curves become similar to that of the unimplanted sample, except for
the larger EWHM caused by residual defects in the material. The spectra for G d implantation
also show these periodic fringes, but over a narrower angle range, and they are still present
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after annealing at 7OOOC. We conclude that
the implanted Ga atoms are affecting the
recrystallization processes during annealing. Further work is necessary to understand this behaviour. In" implantation does
not yield these fringes at all, most likely
because the damaged layer is broader and
more diffuse (as rcvealed in TEM images not shown). Both Ga' and In2+implantation
also result in broad feahms at Theta 600
arcsec, which have been proven to be very
close to the surface in etching experiments,
and probably result from compression of a
layer of implantation induced vacancies. At
temperatures above 500"C, this layer is annealed out.
An unimplanted, semi insulating
InP wafer has a mobility pert, of approximatcly 2000 cm2V.'i', sheet camier concentration n, of 10' cm-2 and sheet resistance R, of 3xIO8R/r. Figure 2 shows the
post implantation evolution of these values
as a function of annealing temperature, as
determined from Hall effcct measurements.
The sheet resistance is reduced to - 4 ~ 1 0 '
W< by implantation with all four ions, and
further reduced to tens or hundreds of rU<
as more shallow donors [8-10] are created
upon annealing at temperatures above
400°C. The carrier concentrations become
very small, but annealing above 500°C can
create materials with n, > 10'' cm-2. The
mobility is reduced to 180, 40, 45 and I13
cm2V-'s-' rcspectively for implantation with
P*, AS', In'* and Ga'. Annealing at
temperatures above 600°C will generally
increase mobilities to -1.5 times the unimplanted value, with the exccption of Ca'
implantation. Similarly to the DCXRD results, Pi and As' implanted samples have
practically identical electrical behaviour as
a function of annealing temperature.
Annealing at 600 and 7OO0C, for Cia' and
In2* implantation, yields materials with
higher sheet resistances and lower camer
concentrations than for Pt and AS' implantation.
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Fig 2: Mobiliry (a), sheet carrier
concentration (b) and sheet resistance (c) ?s
a function ofannealing temperature, for P-,
As-, Fa' and Inz- implanted s-i InP.

Implanted Ion

Fig 3 : TRPL decay times measured at 300 K
and simulated peak atomic displacements
(TRIM) produced for Pi, As', Ga' and In2+
implanted s-i InP.
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Figure 3 shows the dependence of the carrier lifetimes on ion mass, as measured using
TRPL. Generally, there is a trend of decreasing lifetime with increasing ion mass, which
would be expected from the known dependence of damage on the mass of the implanted ion.
The decay times are larger for RTA at 7OO0C, as more defects are annealed out and
consequently there are fewer trapping centres. Interestingly, implantation with Gat produces
the shortest decay times (0.66 ps at RTA 6OO0C), even though the mass of this ion is similar to
As'. The shorter decay time is consistent with the evidence.of greater structural damage in the
DCXRD spectra at these annealing temperatures, and the corresponding fact that the mobility
at the same annealing temperatures does not reach the high values that it does for the other
samples.

D. Conclusion
Implantation of s-i InP with Pi, As', Ga+ or In2+ and annealing at 60OoC will result in
materials with response times below 5 ps, mobilities comparable to thc unimplanted material,
and low sheet resistivities. As such they would be ideal as materials for saturable absorbers,
for the mode locking of solid state lasers.
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