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In the recent years, quantum dots (QDs) such as
InGaAs (1) and Ge (2) dots have been successfully grown
by self-assembling methods. QDs are 3-dimensional
confinement objects and thus can be used for the
detection of normal incidence illumination. Quantum dot
infrared photodetectors (QDIPs) have attracted a great
deal of interest (3,4). However, much of the work was
done on 111-V QDs. Here we report our results obtained
from Ge QDIPs in 3-5 um at normal incidence.

The device samples are grown with a P-1-P
structure, with p-type doped Ge dots in the intrinsic Si
region, sandwiched by two p* regions as contact layers.
Highly p-type doped Si (100) wafers with resistivity of
0.01 Q-cm were used as substrates. The structure includes
a 200 nm p* Si buffer layer, 20 periods of Ge quantum
dots and undoped Si spacers, and another 200 nm p* Si
contact layer. The nominal thickness of each Ge layer was
1.4 nm and was doped at a level of 1x10* cm™, and each
spacer layer is 20 nm. Identical structures were grown on
high resistivity double-side-polished substrate for FTIR
analysis. The device samples were processed into mesa
diodes with conventional methods. The mesa size is
250x250 um?. Photoresponse spectra were taken at
normal incident geometry with a glow bar operating at 70
W, a 34-cm grating monochromator and a lock-in
amplifier.

Figure 1 shows the FTIR results for samples
grown at three temperatures, 540, 650 and 700 °C. A peak
corresponding to the carrier absorption in Ge QDs
appeared in the 3-5 um range. This peak shifts to longer
wavelength with increasing the growth temperature. The
absorption
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6x10° cm™.
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Fig. 1, FTIR results of three
samples grown at different
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Fig. 2, 1-V curves of sample A

at different temperatures. to be due to the

different
electrical field distribution for different biases.
Figure 3 shows the photoresponse curves for

sample A at different temperatures. A peak at around 2.9
pm was observed. This agrees well with the 3.1 um
absorption peak given by FTIR measurement. It was
found that with increasing temperature, the response
intensity increased. This is mainly due to that the
ionization probability of dopants will increase at higher
temperature. The dips appear in the curve are due to the
interference of the epi-layer as well as the absorption in
the atmosphere. Figure 3 also shows the response
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range can be conveniently tuned.

Figure 4 shows the photocurrent dependent on
the applied voltage for sample A. Two wavelengths were
chosen, 2.84 and 3.4 um. First, it can be seen that there is

RN a photovoltaic
effect from the
device; i.e., at no
bias, the
photocurrent is
non-zero. This is
—250mm due to the
3 e asymmetry of the
10 o5 % s : band structure
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Fig. 4, Photocurrent-voltage  SINCE the wetting
layers introduce a

dependent at 2.84 and 3.4 pm.
shallower potential

than the dots (5).
Second, the photoresponse intensity increases with bias.
Several regions were discovered, and this should due to
the field induced filling of holes into the dots.

In conclusion, PIP photodiodes were fabricated
from Ge QDs grown on Si substrate. The response at
normal incidence is in 3-5 um range, and can be tuned by
the growth temperature. Such photodetectors have the
potential to be integrated with Si IC technology.
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