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Room-temperature InAs g9Sbg 11 photodetectors for CO detection at 4.6  um
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An InAsg goShy 11 photovoltaic detector that operates at room temperature in the 2/6n5
mid-infrared wavelength region is reported. The photodiode has an extended spectral response
compared with other currently available I1llI-V room-temperature detectors. In order to
accommodate the large lattice mismatch between the g8k, 11 active region and the InAs
substrate, a buffer layer with an intermediate composition was introduced into the structure. In this
way, we obtained room-temperature photodiodes with a cutoff wavelength ngan, 52 peak
responsivity of 0.8 A/W, and a detectivity of 1.240°cmHZYW. These devices could be
effectively used as the basis of an optical sensor for the environmental monitoring of carbon
monoxide at 4.um, or as a replacement for PbSe photoconductors2080 American Institute of
Physics[S0003-695000)02332-9

Infrared photodetectors operating in the range 248  high quality epitaxial layers of appropriate composition on
have wide ranging applications and are especially importaninAs substrates. The epitaxial growth of alloys with
as the key components in gas sensor instrumentation based0.05 directly on InAs leads to high concentrations of
on optical absorptioh? In particular, there is a need for Shockley—Read recombination centers which limit the de-
efficient and reliable semiconductor light sources and detecvice quantum efficiency. However, we have found that it is
tors, which can be used for CO detection at 4. Cur-  possible to overcome this problem and recently we have re-
rently, the dominant infrared detector materials appropriatgorted efficient 4.6um light emitting diodes with output
for this application are PbSe, HgCdTe, and InSb. HoweverpPowers in excess of 1 mW operating at room temperature.
both PbSe and HgCdTe are normally used in the photocori this work, we now turn our attention to the corresponding
ductive mode, PbSe has a relatively slow response spedigtector and demonstrate an IRAsSk, 1, photodiode which
which limits the modulation frequency and the integrationOPerates at room temperature in the 2.546 mid-infrared
time of the final gas sensor instrument. PbSe also sufferéavelength range. This was achieved through introducing an
from undesirable ¥/ noise problems, while HgCdTe nor- intermediate composition buffer layer (Inf\sSty o9 be-
mally requires thermoelectric cooling below room tempera-tWeen the InAs substrate and the IRAsSk, 1, active region
ture in order to achieve a sufficiently high detectivity for to relieve strain caused by the lattice mismatch. The detector
successful instrumentation. Recent developments in HgCdTRAS an extended spectral response out to longer wavelengths
have resulted in ®* in excess of 2.5 10° cm HA2W-1at  compared with currently available room-temperature detec-
300 K in the 7—11um range® Photovoltaic InSb, on the tors and is therefore well-suited to CO detection as well as

other hand, is faster and can operate out tarb, but re- othe_lthgas ahnd fla;m € monltot:mg dacri)_pllcanon?. the double het
quires cryogenic cooling to 77 K in order to obtain satisfac- " etsc elrna Ic energ/ly Aan lagram oh ted.og e het
tory diode performance. Such factors significantly restrict the- 0> UciUre NASigoSI. 11/INAS0.5651.19%.30 photodiode is

use of these detectors in portable gas detection systems, iﬁbownom F'g.' 1. The ep|ta>§|al Iayerg were grown by LPE.at
~545°C using a conventional horizontal sliding graphite

frared spectrometers, thermal imaging cameras, and other aBbat in an ultrapure hydrogen atmosphere. S-dofi)

plications where the need to provide cooling of the deuaCto{"n-type InAs substrates were used with a carrier concentration

_element makes the overall syst_em cumbersome. _Clearly the{% 2x 10 cm™3. The precursors for the growth melts were
is a need for a fast photovoltaic detector operating at room

undoped polycrystalline InAs, InSh, InP, and 99.999 99%
temperature beyond g4m. Such a photodetector would be a ure indium metal. The-type INAS, s:Shy 140 s0 Was doped

major advantage and would have wide ranging applicationstt.)0 4x108cm™2  with Zn, whereas the n-type

T_h? lnASi*X,St& tern:.;\ry- alloy is potentlally- a more INAS, 555k 140 30 layer was unintentionally doped and had a
promising material for mid-infrared optoelectronic dewces.residual carrier concentration of<110t cm~2. In order to
_ ) ) ) ) IﬂFemove impurities from the InAgeSh, 11 active region, this
hiques  including mo7|ecu|ar_ beam epﬂa‘%@_,metalorgfi%c melt was baked out for 20 h at 750 °C before the other melts
vapor phase epltzp& and liquid phase epitax.PE)"™™ ;a6 |oaded into the boat. Then, to purify it still further, a
have been investigated. One of the main obstacles in thgye g (0.002 mol % was added to the active region melt
development of InAs., Sk devices is the preparation of (4 4¢t a5 an impurity gettering agéAt® Hall measurements

revealed that this procedure reduced the residual carrier con-
3E|ectronic mail: a.krier@lancaster.ac.uk centration in the active region t@2X 10%cm—3.
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Distance, (a.u.) FIG. 2. A semilog plot of the photodiode-V characteristics measured in

reverse bias at 300so0lid line) and 77 K(dotted ling. The forward bias
FIG. 1. A schematic energy band diagram showing the layer structure of theharacteristics are shown in the inset.
photodiode with an intermediate composition 1gAsSh, os buffer layer.

leakage current rises, which is quite a good result for an

In order to relieve the misfit dislocation density in the UnPassivated photodiode in a narrow gap semiconductor.
active region due to the large mismath79% between the T_h_|s value _COLlJéd be |mpr0ved by using a structure W|th ad-
InAs, gShy 11 and the InAs substrate, a singlegdn-thick d!tlonel gating, _ but this was not attempt_ed here. The diode
buffer layer with an intermediate composition of diffusion equetlon was used to determine the energy band
INAS; 0.5y 06 (0.4% mismatch to InAs substrateas intro- ~ 9aP of .the active regm_i'f’.A value of 0.267 eV was obtained,
duced into the structure. We favored this single step strai/hich is consistent with that calculated for an alloy compo-
relaxation approach rather than using a multilayer buffer beSition of INAs ggShy 1, at room temperature. .
cause it simplified the growth procedureThe undoped The zero-bias resistanc&¢A) of the photodiode was
5-um-thick INAs, geShy 11 active layer(i region was sand- opta_uned from the slope of thie-V chara_cterlstlc near the
wiched between twd3-um-thick) INASy seShy 1Py 50 Clad- 09N The RO_A product was _plotted agalnstTl_)for one of_
ding layers instead of using just a single heterostructurd'® 300um diameter PhOtOd'OgeS as shown in the semilog
which we used in our previous wofk.The double hetero- Plot Of Fig. 3.RoA varies as T and 1h; for the diffusion
structure is used for carrier confinement in the active regio@d generation-recombination mechanisms, respectively,
and helps prevent the tendency for electron loss to the |nAyhereni is the intrinsic carrier concentration. As shown in
substrate. Due to the higher band gap, the upper claddingi9- 3 in the temperature range above 170 K,Rgé prod-
layer also acts as an effective transparent window layer. uct follows the diffusion model, whereas in the temperature

The resulting epitaxial positive-intrinsic-negative 'ange between 77 and 170 KR,A againstT fits a
(p-i-n) structures were processed into 306 diam mesa- gene.ratlon.—reeomblnatlon model. This result is similar to our
etched photodiodes using conventional photolithography anBr€Vious fmdmgg lIor 15lg7G20.0AS/INASy 365y 20P0.44 3.3
processing techniques. Ohmic contacts were formed by the#M photod|_ode§.' But, in the present case for these 4.6
mal evaporation of Au to provide ohmic dot contacts, and*™M photodiodes, the diffusion current remains dominant
finally the chips were mounted onto To49 headers for testdown to 170 K.
ing. No attempt was made to passivate the surfaces or in- 1€ room temperature photoresponse of the
clude an antireflection coating at this stage of our work and™ASo.8e5.11 photodiode is shown in Fig. 4. The effect of
all subsequent results refer to uncoated, unpassivated detec-
tors. The detectivityD* and spectral response were mea- 10 E— . ' ' - 1 1T
sured using a chopping frequency of 300 Hz and a blackbody
temperature of 1100 K. The recorded spectrum was correctec
for system response using a Heimann LHi-807-G11 pyro- 1
electric detector with a flat response. -~

Figure 2 shows the 77 K and room-temperature current— 5
voltage (—V) characteristics measured from one of the g 0
p-i-n photodiodes fabricated in the present work. The re- é: '
verse dark current of the photodiode at 0.05 V reverse bias
was measured to be approximately 48 and 1.5 mA at 77
and 300 K, respectively. The higher dark current at room 001 E
temperature is a result of the narrow energy band gap of the e e
active region material in which diffusion current is typically
the dominant current conduction mechanism near room tem-
perature. The reverse breakdown voltage decreases fropjg. 3. The temperature dependence of the resistance Rg#g product
—10 to —0.4V with increasing temperature as the diodefor a typical InAg gsSh, 1, photodiode.

G-R limited

diffusion limited

N
IS

Inverse temperature, 1000/T (K")



874 Appl. Phys. Lett., Vol. 77, No. 6, 7 August 2000 Gao, Krier, and Sherstnev

- - T - room-temperature cutoff wavelength is extended compared

E with PbSe. The room-temperature detectivity at 4@ is
approximately five times higher than that of a typical 300 K
PbSe photoconductive detector at the same wavelength and
is only three times lower than that of the 77 K PbSe detector.
Only HgCdTe(260 K) and InSh(77 K) significantly outper-
form our photodiode but these need thermoelectric or liquid
nitrogen cooling which makes them less attractive for prac-
tical applications.

In summary, an uncooled mid-infrared photodetector
‘ with a long cutoff wavelength has been made based on an
N . L INASy goShy 11/INASy 555k 1525 39 double heterostructure di-
25 &n %6 40 6 &9 2 ode grown by LPE on an InAs substrate. Basic detector char-
Wavelength {jm) acteristics have been measured from unpassivated mesa-

FIG. 4. The room-temperature photoresponse of the Jaiy, ; photodi- ~ €tched  devices.  The surface illuminated photodiodes
ode obtained with Gd getterir(golid line) and without Gd getteringdashed ~ €xhibited a cutoff wavelength of5 um at room tempera-
line) of the active region. ture, with a peak responsivity of 0.8 A/W and a Johnson-
noise limited detectivity of 1.268 10° cm HZ-%W. Although

some further optimization is required, we consider these de-

using Gd as a gettering agent to purify the active region i!ilices to be a major step towards a LED-photodiode based
clearly evident. A significant improvement in the photodiodeco gas sensor

performance was obtained for the purified diode due to the

removal of impurities from the active region and the corre-  The authors wish to thank Kidde International for pro-
sponding reduction in residual carrier concentration fromviding a studentship for H.H.G. They also wish to thank
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