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Low dark current InAs/GaAs quantum-dot infrared photodetedi@iBIP9 are demonstrated. The

dark current is reduced by over three orders of magnitude by using a thin AlIGaAs current blocking
layer. This thin AlGaAs layer reduces the dark current much more than the response signal. The
responsivity at 0.5 V is 0.08 A/W with a peak detection wavelength atré.5The corresponding
detectivity is 2.5< 10° cm HZ/2W?2, which is the highest detectivity reported for a QDIP at 77 K.

© 2001 American Institute of Physic§DOI: 10.1063/1.1347006

Quantum-well infrared photodetectdi@WIP9 utilizing ally, the spacing between dots provides a leakage path for the
an intersubband transition have been extensively investigategfirriers.
over the last decadeThe mature GaAs processing technol- In order to reduce the dark current in this work, a thin
ogy makes it possible to produce large QWIP arrays withAlGaAs barrier layer is introduced between the InAs QDs.
high yield? Although great potential has been shown, This AlGaAs layer, which fills the area between the dots but

QWIPs suffer from problems that are related to the nature ofe@ves the top of the dots not covered, blocks the leakage
the quantum-well structures. The thermally induced darkcurrent between the dots and thereby reduces the dark cur-

current is large and the carrier lifetime is short. In addition, " .
the normal incidence absorption is forbidden fottype The samples were grown by a Varian Gen Il MBE sys-

tem on (100 GaAs semi-insulating substrates. The active
QW.S' These _drawbacks keep the HgCdTe detectors frorpegion consisted of ten periods of InAs/GaAs QDs with 500
having superior performance compared to QWAR<ow-

_ oo A GaAs barriers. The active region is sandwiched by 6000 A
ever, replacing the quantum we{QWs) with ideal quantum v ne contact layers. The nominal thickness of the InAs QD
dots (QDs) can diminish the drawbacks of QWIPs. Defect- s 5 6 ML. During the deposition of InAs 6 sinterruption

free quantum dots can be easily produced by moleculafyas added for every 0.2 ML of InAs deposition. The Al
beam epiatxy (MBE) or metal-organic chemical-vapor- content in the AlGaAs layer was 20% and the layer was
deposition techniques. The three-dimensional confinement gfrown after the growth of the InAs QDs. The structure is
the quantum-dot structure provides the possibility to supshown in Fig. 1. Due to the strain distribution, most of the
press the electron—phonon interaction and relax the selectioNlGaAs atoms accumulate in the area between the QDs. As
rule of the intersubband transition in quantum-well struc-a result, the AlGaAs layer covers the region without QDs but
tures. Thus, quantum-dot infrared detecté@DIPs9 have leaves the tips of the QDs uncovered. Two different samples
great potential as low dark current, high gain devices with avere fabricated, one withisample A and one without
normal incident response. (sample B a 30 A AlGaAs layer. The InAs QDs were mea-
Recently, several QDIP results have been reported usingured by atomic force microscope. The typical lateral size of
In(GalAs/GaAs?® InAs/InAlAs/InP and InAs/inGap/ the QDs is about 30 nm and height is about 7 nm. The
GaAs (Ref. § quantum-dot systems. However, most of thedensity is about X 10°°cm™2. The 8 K photoluminescence
QDIP results reported so far are disappointing, in spite of théPL) Spectrum shows an emission peak width around 35
great potential predicated theoretically. The dark current of
QDIPs is much higher than expected and is much higher thar AlGaAs
that of QWIPs with the same doping density and cutoff
wavelength. For InAs/GaAs QDIPs, the dark current density
reported at 77 K is about 0.05 A/émat 0.5 V for a ten-period

QD structure with 500 A barriefs:® This value is over 100 \ /

times larger than that of the AIGaAs/GaAs QWIPs with even
higher doping concentratiodsThe origin of the large dark

current has been attributed to the nonuniform dopant distri-
bution and the background impurities in GaAAddition- InAs QDs

FIG. 1. Schematic diagram of a QDIP with an AlGaAs current blocking
¥Electronic mail: sywang@asiaa.sinica.edu.tw layer.
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FIG. 3. Responsivity vs voltage curves for sample wisample A and

FIG. 2. 77 K dark current of the QDIPs witteample A and without without (sample B the AlGaAs current blocking layer.

(sample B the AlGaAs current blocking layer.

different QD shapes and sizes. These differences can induce

meV indicating g(_)od uniformity of the QD_S' Similar PL different wave-function distributions corresponding to the
spectra were obtained for both samples. This shows that th‘g

: nergy states. Different transition properties can thus be ob-
energy levels of the QDs are not altered by the thin AIGaAsservgg_ prop

layers. The sheet doping concentration used for the samples The added AlGaAs layer can also affect the transport
. O 72 - . . .
is 2> 10%cm™?, which gives approximately two electrons in groperty of the carriers; the photocurrent can also suffer. The

gach QD. Standard processing tgchnlques were used to hotoresponse was measured in a close-cycle cryostate. The
fine the mesas and to make Ohmic contacts. A 45° facet wag,

. . ; . sponsivity versus voltage curves of the samples are shown
then polished for light entrance and the following optical P 4 d p

in Fig. 3. The insertion of the AlGaAs layer decreases the
mea;urements. responsivity. The effect is especially strong when the device
Figure 2 shows the 77 K dark current of the samples. INg fyarq biased. Although the QDs are not fully covered by
all the measurements, the bottom contact is referenced as t AlGaAs layer, the photoexcited carriers still feel a higher
ground. As expected, the dark current of sample B is larg€atrective barrier under forward bias. The tunneling probabil-
which is of the same order as has been reported. For samplg, gecreases as the barrier thickness. In order to see the
A, the dark current is about 1000 times lower than sample Begtect of transport properties on the performance of QDIPs,
This results clearly shows the carrier blocking effect of the, e haye calculated the gain from the measured noise current.
AlGaAs layer between the quantum dots. We also notice thatjgyre 4 shows the results. The gain for the sample without
the dark gurrent versus voltage curve is not symm_etrlc for thene AlGaAs barrier layer is large, as expected, indicating the
sample with the AlGaAs layer. The dark current is lower atoycellent transport property. The large gain at high voltage

forward bias. The carriers in the dots have to overcome thg s, shows the possible impact ionization process. The gain
AlGaAs barrier to get out when the device is forward biased

but only see the GaAs barrier when the device is reversed
biased. i
The response spectrum of devices is then measured by [ [ " sample A
Fourier transform infrared spectrometer. A similar spectrum 1 ~T*"~sample B
with a peak at 6.5um is obtained for both samples. This
result shows that the thin AlGaAs layer does not affect the
positions of the energy levels of the QDs. The full width at ¢
half maximum of the spectrum is less thanufn, indicating
that the absorption is due to bound-to-bouf®B) transi-
tions. The narrow spectrum also shows the high uniformityw
of the quantum dots. The BB transition is further confirmed
by the responsivity curves. This result implies that the en-
ergy states of the QDs are mainly determined by the
z-direction confinement. The increase of the barrier confine- 1F
ment in the lateral direction has little effect on the transition [
energy. This explains why the observed normal incidence
response is still low compared with that of the light having
an electric field polarized perpendicular to the quantum VOLTAGE (V)
wells. We believe the normal incident absorption contro-gig_ 4 Gain at different voltages for sample witample A and without
versy between different research groupsomes from the (sample B the AlGaAs current blocking layer.
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of the sample with the AlGaAs layer is lowény about the Al Ga, gAs layer, the dark current can be lowered by more
same amount as the responsivity compared with the samptean 1000 times while the high responsivity and gain are still
without AlGaAs9, but is still high compared to the AlGaAs/ obtained. The detectivity is greatly enhanced. Further opti-
GaAs QWIPs. The gain saturates at a value of 1.5 at 0.4 analization of the AlGaAs layer is expected to improve the
—0.2V. As the voltage increases, the gain increases againevice performance even more.

This indicates that the avalanche multiplication can exist )

with the thin AlGaAs blocking layer. It should be noted that 1 he authors would like to thank Professor C. H. Kuan
the gain difference between samples A and B becomes larg@"d M. C. Hsu of the National Taiwan University for the
as the voltage increases. When the bias is high, the tunnelidiSe measurements. The work was supported by the Na-
current dominates the dark current. The low-energy carrierional Science Council under Contract No. NSC89-2215-
tunneling through the barrier will be blocked by the AlGaAs E009-013.

layer. Thus, the gain decreases more at higher voltages.
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