|74 Technology focus: Photodetectors
Diagonal quantum cascade
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The room-temperature response of quantum cascade detectors at
8um wavelength has been boosted by almost an order of magnitude.
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Figure 1. Band structure 01
of quantum cascade ||
designs with vertical (a) : : : : :
and diagonal (b) optical 0 10 20 30 40 50
transitions, indicated by
black arrows.
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Figure 2. Measured photocurrent spectrum of diagonal transition QCD.

Also, the simulations The simulations studied material systems where deposition methods
(s:lgggestleg th_at the suggested that the atre Ie;ss mature, leading to wide variance of grown
iagonal design is . . . structures.
more robust with the diagonal -deSIgn ISmore o InGaAs/InAlAs layers for the QCD were produced
potential for a wider robust with the using molecular beam epitaxy (MBE) on indium phos-
range of devices to be potential for a wider phide substrate. A 30-period cascade structure was

developed for different range of devices to be produced between silicon-doped InGaAs top (200nm)
wavelength detection. and bottom (600nm) contact layers. Mesa devices

In the diagonal design, developed for different were fabricated with wet etching and deposition of

a 10% variation in wavelength detection.  germanium/gold/nickel/gold top and bottom contacts.
the layer thicknesses  In the diagonal design, The mesa devices were illuminated through a 45°
led to only a 12% a 10% variation in the polished facet.

drop in response
(peak wavenumber

The photocurrent (Figure 2) from the diagonal QCD

Iayer thicknesses led to device showed two peaks at 1250/cm and 2150/cm

N .
1200/cm-1375/cm). only a 12% drop in wavenumbers (1/(wavelength). The room-temperature
By contrast, the vertical response (peak peak response was 16.9mA/W for 8um wavelength
design was expected to wavenumber (1250/cm wavenumber). This response is almost an

have a lower response 1200/cm-1375/cm). order of magnitude better than for other reported
with a sharp decrease 8um-wavelength QCDs at room temperature.

as the layers were By contrast, the vertical The researchers attribute the main 1250/cm peak to

thinned and the design was expected to j transition between levels 1 and 5 in the calculated
emission wavelength have a lower response band structure (Figure 1). The smaller 2150/cm peak
extended. with a sharp decrease as is thought to arise from a transition between levels

The robustness of the 1 and 6. A small bump at 1050/cm is explained as
diagonal design could L. being due to a small overlap between levels 1 and 4. m
be of importance in and the emission http://dx.doi.org/10.1063/1.4894767
other less intensively wavelength extended Author: Mike Cooke

the layers were thinned
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