photodetector section was then calculated in each case in order to obtain the detector
responsivity.
Figure 1(b), 1(c) and 1(d) show the optical detection and propagation losses in the
wavelength range of 1.53-1.61μm and 2–2.5μm for the three photodetectors with different
implantation doses. The difference in trend in propagation loss between samples is likely to
be due to differences in the implantation conditions [26]. For the best performing device (i.e.,
that implanted to a dose of 5x1012cm−2), the responsivity at 2500nm is reduced by a factor of
10 compared to 1550nm; while for 2000nm the responsivity is approximately 80% of that for
1550nm. The absolute values of responsivity are modest, as one would expect for such large
waveguides (4.7μm height, 3.5μm width and 3.1μm slab height), with the results being
consistent with those reported by Doylend et al. [29]. These results are in fact extremely
encouraging and suggest that small cross-section detectors (currently being designed by the
authors) should provide responsivities >1A/W, and bandwidths of 10Gbps when operated in
the avalanche regime [27]. The trend for responsivity as a function of implantation dose for
these types of detectors is dominated by a trade-off between increasing absorption with
increasing dose (and defect concentration), and a degradation in diode electrical
characteristics as the dose is increased (a result of carrier recombination). The absolute
values of responsivity are however dependent upon the waveguide geometry and ion species,
energy and dose. Quantitative discussion of these issues was provided in [16]. It would
appear that for the current detector geometries and for the ion species chosen (i.e. boron) the
range of 1012 to 1013cm−2

Normalised transmission (dB)

refractive index due to the injected carriers. Ideally we would compare our experimental
results with the theoretical analysis of [22]. However, calculations based on the analysis
suggest that the free carrier densities achieved over the injection currents used in this work
are approximately 1x1017cm−3, which is out of the range of the minimum densities used to
develop the expressions in [22] (3.2x1017cm−3 and 5x1017cm−3 for electrons and holes,
respectively). According to the theory, with an injected electron and hole density of
1x1017cm−3 the attenuation in dB achieved at 1.55μm, 2μm and 2.5μm is 1.7, 2.9 and 3.7
times more than the attenuation at 1.3μm, whereas according to the experimental results of
Fig. 2 it is 2.2, 4.5 and 6.3 times more, respectively. Thus we cannot be confident that fitting
of the attenuation curves of Fig. 2 with this theory will provide a meaningful interpretation of
the results for all four wavelengths.
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Fig. 2. Normalised transmission versus drive current at 1.31µm, 1.55µm, 2µm and 2.5µm.

The curves of Fig. 2 do, however confirm that as the wavelength is increased the plasma
dispersion effect becomes more effective. These results suggest that plasma dispersion effect
modulators used for the 2μm wavelength window could be much more compact and/or
require a much lower drive voltage (and therefore lower power consumption) than at the
traditional NIR telecommunication wavelength bands. The speed of the device used in this
analysis is slow due to the large size of the waveguide and the use of carrier injection [28].
By scaling to a smaller waveguide and by using carrier depletion or accumulation techniques,
operation at speeds up to 40Gbit/s and beyond can be expected as shown in the NIR [17].
4. Conclusion
Silicon photonic based defect photodetectors and a plasma dispersion effect modulator have
been characterised in the 2–2.5μm wavelength band. For the detectors it is shown that
operation is possible in this wavelength range, however, the responsivity is reduced as
compared to 1.55μm. The results from the optical modulator shows that a large increase in
the effectiveness of the plasma dispersion effect is achieved as the wavelength is increased
from the traditional telecommunication windows of 1.3μm and 1.55μm to the 2–2.5μm range.
These encouraging results show that silicon photonics has bright prospects for the
implementation of integrated photonic circuits in this newly proposed short-wave band for
extended telecommunications applications.
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