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Corrugated quantum well infrared photodetectors for polarization detection
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In this letter, we propose the use of the newly developed corrugated quantum well infrared
photodetector$C-QWIP9 for polarization detection. The corrugated structure, which serves as an
optical coupler as well as the polarization-sensitive component, is in this case directly created into
the active region of the QWIP, therefore dispensed with the need of an external polarizer. Moreover,
four C-QWIPs with differently oriented corrugated patterns can be integrated as one unit, thus
allowing a precise, real-time measurement of the polarization state. The polarimetry of this detector
unit was characterized using a blackbody source and a metal grating polariz&99®American
Institute of Physicg.S0003-695199)00706-9

Over the past several years, the development of thermals one unit which can simultaneously gather all polarization
imaging systems has been progressing rapidly. Howeveinformation to avoid the temporal variations of a fast chang-
conventional infrared detectors, which detect the intensity ofng signal. Such a system is therefore ideal for smaller and
thermal radiation emitted and reflected from objects, are limfaster sensors that can be easily used in many circumstances.
ited in their usefulness by the low contrasts in terrestrial In a QWIP structure, due to the dipole selection rule,
scenes. On the other hand, the polarization of the thermanly light with an electric field component perpendicular to
radiation in the same scenes often has high contrast, due {Re quantum wel(QW) planes can be absorbed. As a result,
the differences found in the shape and optical properties bene incorporation of an optical coupler is necessary to chan-
tween natural and artificial surfacksThe use of infrared nel normal incident light into the favorable directions for
(IR) detectors, which can capture both polarization and inynfrgred absorption. Among the existing coupling ap-
tensity data, will lead to significant improvement in targetproaches, the use of C-QWIPs has been demonstrated to be
recognition functions by providing enhanced spatial resolugjmpie and efficient in coupling trepolarization component
tion of the target, the ability to suppress unpolarized backy; o ' he electric field perpendicular to the corrugated Jines
grour_1d rgdlatlon,_a_md_the c_apablhty for zekd@ Imaging. A __of the incident radiatioA.To completely characterize the po-
polarization-sensitive imaging system would have |mmed|atﬁeaIrization state of the incoming signal, four C-QWIPs with
applications in several areas, including mine field deteCtioncOrrugated lines along 9Qtevice A, 0° (device B, +45°
robotic vision, material classification, oceanography, and ag(devices C and Dorientations, as ’shown in Fig.(,eil, are

riculture. required. In general, the intensity of the incoming radiation
At the present time, the most commonly adopted method d -ng ' Y 9

for polarization detection is to attach a rotating polarizer inConSIStS of the polarized par§ and the unpolarized paf:
front of the photodetectors. The polarization state of the in-

coming radiation is determined by serially rotating the polar-

izer and then recording the detector response at each polar- |:|u+|p=(%lu+%lu)+[|p(0°)+|p(90°)]- (1)
izer orientation. There are inconveniences in using such a

composite system. In addition to its clumsiness, it is some-

times not feasible to gather, in this serial way, complete in- )

formation of a fast moving object. In this letter, we propose ' N Photocurrent of device A can be expressed as:

a new method utilizing the recently developed corrugated

guantum well infrared photodetect6C-QWIP) technology

to de_tect_ the polgr_ization state of the !ncident rac_jiation. The Ja=RA(0°) X[ 4, +1 5(0°)]+Ra(90°)
polarization-sensitive component of this system, i.e., the cor-

rugated coupling structure, is directly fabricated into the de- X[31+1,(90%)], )
tector active region, thus dispensed with the use of an exter-

nal polarizer. Moreover in this system a set of four detectors,

each sensitive to a different polarization direction, is grouped o .
whereRA(0°) andRA(90°) are the responsivities of device

) o ] A for radiation polarized alon§ andy, respectively. Similar
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Adelphi, MD 20783. other three devices. After some rearranging, we get:
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with various Rs as the corresponding responsivities of theR:(—45°)=Rp(45°). We therefore present in this letter
four devices. The anglé of the polarized component of the only the experimental data for devices A, B, and C.
incident radiation, measured frokin Fig. 1(a), is: The current—voltagel V) characteristics of devices A,
Jp—Je I-(90°) B, and C are shown in Fig. 2, withy representing the 77 K
= —— . anl( p ~ ) . (4 dark current and, the 300 K background photocurrent mea-
90— Jcl 15(0°) sured at 10 K through a 36° field of view. It is clear from

With pre-calibratedRs, the measured photocurrents of theFig. 1 that more detector active materials are removed from
four devices completely determine the polarization state oflevices B and C than from device A. As a result, the dark
the incoming radiation. currents of devices B and C are lower than that of device A.

The QWIP sample used in this work consists of a mul-There is a corresponding reduction in the background photo-
tiple quantum wel(MQW) stack sandwiched between two current for devices B and C as well. The inset of Fig. 2
5000 A GaAs contact layers. The MQW stack is made of 23shows the photocurrent to dark current ratjp'J4 for these
periods of 500 A A}.4Ga,;As barriers and 50 A GaAs three devices. Device B has a higher current ratio, indicating
wells. Its detection peak, is designed to be around@m.  a better coupling efficiency compared to that of device A.
The doping densitiN, is 0.5< 10"¥cm ™2 in the wells of the  Since the purpose of this work is to demonstrate the use of
MQW stack, and X 10'®¥cm™2 in the contact layers. Four C-QWIPs as polarization detectors, the various corrugated
devices with corrugated lines oriented along different cryspatterns employed here are not optimized to provide the best
tallographic directions have been fabricated. For the chemieoupling efficiency. Improved performance is expected for
cal solution used in this work (1130,:8H,0,:8H,0), the  devices with properly designed patterns.
etching rate is different for different crystallographic planes.  In order to obtain variou&s in Eq.(3), ac spectral pho-
Figures 1b), 1(c), and 1d) show the profiles of the four tocurrent measurements were performed at 10 K with a ro-
devices as viewed along the dashed lines in Hig. Device  tating polarizer inserted between the monochromator and the
A consists of an array of triangular prisms, of which the C-QWIPs. As the monochromator itself partially polarizes
sidewalls can reflect the normal incident light into a nearlythe light, the power coming out of it is different for different
parallel direction. Device B has an undercut profile while thepolarization directions. We have calibrated the power using a
other two devices have vertical sidewalls with curved bot-HgCdTe detector. The spectral responsivities of devices A,
toms. These three devices utilize single slit diffraction toB, and C, measured at an applied bias 2V with the polarizer
create favorable optical paths for infrared absorption. Sinceriented at 0°, 90°, and:45°, are shown in Fig. 3. WitRs
devices C and D have the same etching profiles, they showalibrated, the information obtained from the photocurrent
similar performance and we ha®:(45°)=Rp(—45°) and measurement is then sufficient to determine the polarization
state of the incoming signal.

As mentioned previously, C-QWIPs are more sensitive
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FIG. 1. Relative orientations of devices A, B, C, and D used in this work for FIG. 2. Thel-V characteristics of devices #solid curveg, B (dash-dot
polarization detectioiia), and the scanning electron microscdf&M) pic- curvesg, and C(dashed curveswith Jq the 77 K dark current, and, the

tures showing the profiles of devices(B), B (c), C and D(d), cut along the 300 K background photocurrent. Inset shows the photocurrent to dark cur-
dashed lines irfa). rent ratios for these three devices.
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C (solid triangle$ as functions of the polarizer orientation. The dashed
WAVELENGTH (um) curves are fits using E@5). (b) The current ratio of devices A and B with

FIG. 3. The responsivities of devices A, B, and C, with the transmissionthe blackbody source set at two different temperatures 60fpkn squargs
axis of the polarizer oriented at four different angles(€5lid curve$, 90° and 500 K(solid diamond}s
(dash-dot curves +45° (dashed curvesand —45° (dotted curvep
. . _ . has a high degree of polarization.
to the s-polarized light(perpendicularE field) than to the As a demonstration, we again used linearly polarized

p-polarized light(parallel E field). For further characteriza- |ight and then measured the photocurrent ratio of devices A
tion on the polarimetry of the C-QWIPs, photocurrents of theand B. From Eq(5):

four devices were measured as functions of the polarizer ori-

entation, using a blackbody radiator as the light source. Fig- Ja _ [Ra(0°)+RA(90%)]+[Ra(0%) —Ra(90°) Jcos 20

ure 4 shows the angular dependence of the photocurrents for Jg  [Rg(0°)+Rg(90°)]+[Rg(0°) —Rg(90°) Jcos 26
devices A, B, and C, witly the angle between the transmis- (6)

sion axis of the polarizer antl The polarization sensitivity The dependence on light intensity cancels out, and the detec-
of these devices is clear. For linearly polarized ligf0°)  tion under this situation is completely independent of the
=1 cos’ g andI (90°)=1 sirf 6. The photocurrent of device A radiation level of the object. This intensity independence has

can be written as: been experimentally verified by setting the blackbody source
Jn=L{[RA(0°)+ RA(90°)] at two t_emperature(£0_0 ar_1d 500 Kand then comparl_ng_the
respective current ratigg=ig. 4(b)]. Although the radiation

+[Ra(0°) —Ra(90°)]cos 20}. (5) intensities differ by two times, the current ratios remain the

From data fitting(dashed curve in Fig.)4we get],=6.6  Same within 5% error bar.
+3.3c0s20—5.8°) in arbittary unit, or Ra(0°) In conclusion, we have demonstrated the use of

=3R,(90°), consistent with the result of spectral measure C-QWIPs for infrared polarization detection. In this struc-

ments(Fig. 3. The phase 5.8° accounts for the misalignmentiure' the polarization-sensitive components are directly inte-
between the detectors and the polarizer. SimilaRy(90°) grated into the photodetectors and they allow the collection
=2Rg(0°) andRg(—45°)=1.7R(45°). of all polarization information in one single video frame if

necessary. The device is simple and fast, therefore ideal for

Although four detectors are required for a complete e
characterization of the polarization state, such detailed infordPPlications where compactness of the measurement system

mation is generally not necessary to achieve the object o the ability to capture fast changing images is of great
distinguishing an entity from its unpolarized background.mportance.
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