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Multicolor infrared detection using two stacks of superlattice structures
In a back-to-back configuration
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Voltage-controlled multicolor detection with a two-stack GaAs/AlGaAs superlattice structure is
reported. Each stack contains a superlattice and current blocking layers. The responsivity of each
stack has a voltage-tunable spectral range and can be turned on or off by controlling the bias
polarity. In a back-to-back configuration of the two stacks, a variable detection range with peak
wavelength at 5.5, 6.8, 8.5, and 1Qu#n is achieved by changing the applied voltage at 45 K.

© 2000 American Institute of Physidss0003-695(00)05037-3

Using multicolor detection to enhance the performancevavelength SLIP consists of a 1500 A AbdGa, g/As block-
of infrared detection, such as for object discrimination andng layer and 10 periods of 68 A GaAs welln€1
temperature samplint? has attracted much investigation. x 10'®cm™3) and 35 A undoped Al,/Ga, 75As barrier. The
Due to the flexibility in tailoring the detection wavelength top (short-wavelength SLIP consists of a 1500 A
and the spectral line shape, several designs utilizing intersuld\l , ;,Ga, sAs blocking layer and 10 periods of 45 A un-
band transitions have been propoSeliin particular, using doped A} Ga As barrier and 40 A GaAs welln=1
stacks of multiple quantum well®QWSs) to achieve multi- X 10¥cm™3). The two SLIPs are sandwiched between two
color detection is one the most common approah®tn  n*-GaAs contact layersn=1x10"¥cm™3) and separated
this approach, although the number of detection bands iney a 4000 An*-GaAs layer =1x10®cm™3). The
creases with increasing number of stacks, the number of cosample was processed into a two-step square mesa with three
tacts required to access all stacks will also increase. Thigerminal contacts, as shown in the inset of Fig. 2, to allow the
complicates the fabrication process. To avoid the additionatharacterization of each individual SLIP. The dimension of
contacts, efforts have been made to develop the voltageep square mesa is 15050um? and that of bottom mesa is
controlled multicolor detectors to select the desired band vi200x 400 m?.
the control of the bias voltade® However, the selectivity The photoresponse and absorption spectra were mea-
still remains to be improved and the bias requirement is ususured using a Fourier transform infrared spectrometer
ally too high(>8 V) in these detectors. Photodetectors uti-(FTIR). For the photoresponse measurements, the detector
lizing the interminiband transitions in superlatticéSLs)  under test was back illuminated through a polished 45° facet
have been demonstrated to operate at zero or low biasn the substrate. The photoresponse current was first ampli-
voltage? '3 To reduce the large ground-stated tunneling curfied by a current preamplifier then fed into the FTIR. The
rent, most superlattice infrared photodetect@kIP9 were  absolute responsivity was calibrated by using an unpolarized
designed with a current blocking layer. In our previousblackbody source. To keep both component SLIPs operating
study;> we found that the current blocking barrier in such aunder the background limited performance, the detector was
SLIP may also serve as an energy filter for the photoexcitedooled down to 45 K during the photoresponse measure-
carriers and result in a voltage-tunable spectral responsivitynents. However, the absorption spectra were measured at
In addition, the responsivity was also found to be polarityroom temperature. To obtain the absorption spectrum of each
selective. It can only be turned on in one bias polarity inindividual SLIP, first the absorption spectrum of the sample,
which the photoexcited carriers are driven from the SL towith contributions from both SLIPs, was taken. The absorp-
pass the blocking barrier. The tunable, polarity selective, anélon of the bottom SLIP was then measured by removing the
low-bias features of such SLIPs thus can be used to improve
the selectivity and bias requirement of voltage-controlled
multicolor detectors. In this letter, we present the multicolor ) Ga,_as
detection with two such SLIPs in the back-to-back configu-
ration as shown in Fig. 1. The characterization of each indi-
vidual SLIP and the integrated two-stack SLIP will be given. Top
By changing the applied voltage on the two-stack SLIP, a contact
variable detection range with peak wavelength at 5.5, 6.8, Top SL Middle  Bottom SL (Substrate)
8.5, and 10.8um, respectively, is achieved. contact

The sample was grown by molecular beam epitaxy on &g, 1. schematic energy band diagram of the two-stack SLIP. Each stack
semi-insulating GaAs substrate. The bottorlong-  contains a SL and a current blocking layers.

x=0.27
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£ 02; 0.2 The responsivity of each individual SLIP versus the bias
2 0.0 0.0 voltage is shown in Fig. 3. We can see that each SLIP is

turned on only when the applied voltage drives the photo-
Wavelength (um) electrons generated from the SL layer to pass the blocking
FIG. 2. The normalized response spectra of the bottamand top (b) Ia_yer'_ When the pho'Fo_eIe_ctrons are dr_'v_en In_an 0pp(_)5|te
SLIPs. The dash curves are the associated absorption spectra measuredliection, the responsivity is nearly negligible. The polarity-
room temperature. The inset in each figure schematically shows the fabriselective feature in such an asymmetrical structure may be
cated two-step mesa detector with the 45 deg facet on the substrate and tB?tributed to the fact that when those photoexcited carriers
iated positive bi larity. . . N o X
assoctated postiive bias poarty are driven in the turned-off direction, the reinjection carriers
] ) ) . from the collector contact to the SL layer are prevented by
top SLIP layer with wet chemical etching. Finally, the ab- o blocking barrier.
sorption of the top SLIP was obtained by subtracting the  the spectral responsivity of the two stacks in the back-
contribution of the bottom SLIP from the sample to-back configuration as a two-terminal device is shown in
The individual absorption spectra of the top and bottomgjg 4. The resulting spectra are similar to those in Fig. 2.
SLIPs are shown in Figs.(@ and 2b), respectively. In ad-  nger negative biases the photoresponse is mainly contrib-
dition to the absorption spectra, Fig. 2 also shows the noryieq from top SLIP, while under positive biases the photore-
malized spectral responsivities of two individual SLIPs atsponse is from the bottom SLIP. The peak wavelengths are
several bias voltages. The spectral responsivity of each SLIR 5 53 85 and 10.gm at —0.02, -1, 0.75, and 1.2 V
though covering a different spectral range, varies with theespectively. These results show the excellent voltage-
bias voltage in a similar way. At near zero bias, compare¢gnirolled capability of our device utilizing the polarity-
with the associated absorption spectrum, the spectral respogajective and voltage-tunable responsivity in each compo-
sivity is at a shorter wavelength range. With the increasing of,qnt sLIp.
the bias magnitude, the cutoff wavelength of the spectral |, grder to see the relation between the magnitude of
responsivity extends to a longer wavelength. At even highefegponsivity and bias voltage, the responsivities versus bias
biases, for example larger than 150 mV for the bottom SLlpvoltage for wavelengths of 6.8 and 1Qun were measured
the line shape of the spectral responsivity becomes insensis shown in Fig. 5. The responsivity for 1Quén reaches the
tive to the bias voltage with a peak wavelength and a spectra),4yimum with 65 mA/W at about 1.2 Vv, and is turned off at
range closed to those of the associated absorption spectru%gaﬁve biases. Similarly, the responsivity for 6:8n

The agreement between the absorption spectrum and the rgs;ches its maximum with 17 mA/W at aboutl V and is
sponsivity spectra at high biases indicates that the voltage-

tuning behavior should be dominated by the transport pro- 20 , ' . . 80

cess of the photoexcited carriers rather than by the

absorption. Assuming the transport process is mainly limited z
by the blocking barrier, the voltage-tuning behavior can be %‘15 60E
explained in the following way: At near zero bias voltage, = ?
only those photoelectrons with their energies higher than that 3 10 40 é
of the barrier can contribute to the photoresponse. When we 2 8
increase the bias voltage, the photoelectrons with the energy ¢ 5 20
slightly lower than that of the barrier can then tunnel through

the triangular tip of the barrier. Therefore, it results in a 0 . 0
longer cutoff wavelength. With further increasing of the bias 4 6 8 10 12 14

voltage, the tunneling probability will increase and the bar- Wavelength

rier finally becomes nearly transparent for all photoexcitetig 4. The soectral responsivity at four hiases applied between the top and
electrons. ‘ihe resuiting photoresponse spectrum thus exhibettom contacts.
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70 — e — the detectivities of the device are estimated as10°, 4
S 60 [  pottom Liop = 108um ® X 10°, 1.5x 10°, and 5x 10° cm HZ/¥W at the bias voltages
2 .MO 6.8 um " of 0.02,—1, 0.75, and 1.2 V, respectively.
E 50 S .. In summary, we have investigated the performance of a
2 0l P poriom ¥ iop . “ two-stack SLIP as a voltage-controlled multicolor detector.
= I N Using the polarity selective responsivity and the voltage-
S 30} - tunable cutoff wavelength of each individual SLIP, we suc-
§ [ : cessfully select four peak wavelengths at 10.8, 8.5, 6.8, and
x - 5.5 um from the detector with the bias voltage. Following
_ our proposed design and incorporating InGaAs composition
0 ( m a = n e o B0P o in the_ well region for the_sh_ort-wavelength stack, |_t should be
15 1.0 -05 00 05 10 15 possible to fabricate a similar detector with a variable detec-
Bias Voltage tion range covering the 3—-5 and 8—12 atmospheric windows

simultaneously. Compared with the traditional voltage-
F'(Ii‘- 5. “42““?-‘3 fesé)%”s“rfl'“es for 6®) and tltoh-sﬂm (m) Ys_tﬁpp“e‘:_ tcontrolled designs with the multiple quantum well structures,
voltage. e solid an asn curves represen e responsivities estima . . . . I
from Eq. (1). The inset shows the small-signal equivalent circuit for the € de,teCt,or prowde; an attractive altematl,ve which UI!IIZE
two-stack SLIP. the switching operation between the two active stacks with a

moderated bias voltage<1.5 V) for voltage-controlled mul-

turned off at positive biases. The relation between the reE'COIOr detection.

sponsivity and the bias voltage can be further analyzed with  This work is supported by National Council of Republic

the small signal equivalent-circuit model in Ref. 7. Accord- 5 china under the Contract No. NSC89-2215-E-002-019.

ing to this model, the equivalent circuit of a two-stack SLIP The authors would like to thank Professor C. P. Lee of Chao-
involves a network of photocurrent sources and the dynamierung University for his assistance in this work.
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