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A Novel Device for Detecting the Polarization
Direction of Linear Polarized Light Using
Integrated Subwavelength Gratings
and Photodetectors

Erli Chen, Member, IEEE,and Stephen Y. Chowgenior Member, IEEE

Abstract—A solid-state device that can be used to detect Compared to existing instruments, this device has significant
the polarization direction of linear polarized light is proposed. advantages. First, the device only consists of micrometer-size
The device consists of six transmission gratings with periods transmission gratings and photodetectors; all of them can be

in the subwavelength region of the incident light and six pho- . - L .
todetectors integrated separately underneath each grating. A integrated on the same chip within a diameter less than 0.1

variable, defined through the photocurrent ratios of the grating- MM using a process compatible with that of microelectronic
photodetector pairs, shows a one-to-one correspondence withdevices. Second, no rotating parts and expensive components

the angle between the electric vector of the incident linear sych as polarizers and retarders are used. Finally, since no

polarized light and the orientation of the gratings' fingers, which - 4tation involved, the device’s operation is simple and fast.
is therefore used to determine the polarization direction. An ’

angular resolution of 0.2 can be achieved.

Index Terms—Linear polarization, metal grating, photode- 1l. DEVICE DESIGN AND PERFORMANCE
tector. . . ) . )
To achieve a LPDD, a polarimetric element is essential.

Previous studies have been shown that metal gratings have
|. INTRODUCTION a strong polarization effect if their periods are less than the

VEN though linear-polarized light sources are everyvavelength of the incident light [3]-{7]. Since gratings are
where, there is no solid-state device with which théompact, incident-angle insensitive, and, most importantly,
polarization direction of the light can be determined convé&asy to be integrated with electronic devices, it is not hard
niently. At present, the most frequently applied method to d8r us to chose them as the needed polarimetric elements.
this is to insert a polarizer and a photodetector (located behind>ratings were fabricated on 0.1-mm-thick fused-silica sub-
the polarizer) into the beam under testing. The polarization ditrates using e-beam lithography. The fingers of the gratings
rection of the light is then determined by rotating the polarizéyere made of 20/30-nm-thick Ti—Au with width-to-spacing
until an angle, corresponding to a minimum (or maximunfgtio close to 1:1. The areas of the gratings were »20
output from the photodetector, is reached. Although simpl@® #m?. The polarimetry of the gratings was characterized
this method suffers from a low angular resolutions¢), With linear polarized light supplied by a He—Ne laser located
because the transmittance of a polarizer becomes insensif#¢8ind a Glan-Laser prism polarizer (Newport). Gratings were
to the polarizer’s orientation when it is close to the minimurfnounted on a rotation stage with an angular resolution®of 1
(maximum) transmission angle. In those circumstances tifatong-working-length objective focused the beam onto the
the polarization direction of linear polarized light has to bgratings’ surface within a diameter of approximately /1.
measured rather accurately, sophisticated instruments sucH 38 transmitted light was then collected into a Si photodetector
polarimeters have to be used. However, nearly all today?¥ @ similar objective. A lock-in amplifier was used to collect
polarimeters contain rotating components [1], [2], which hdBe data. The transmittances of the gratings were measured as
greatly restricted their applications. a function of the angles between the polarization of the light
In this letter, we propose a solid-state electronic device2nd the fingers of the gratings. Fig. 1 shows the polarization-
linear-polarization direction detector (LPDD)—that can deteiependent transmittances of the gratings with periods of 200,
the electric field (E-field) direction of linear polarized light400, and 600 nm, measured at the wavelength of 0,683
The angle,d, is defined as Dwhen the light isS-polarized
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Fig. 1. Measured transmittances of the gratings with 200-, 400-, and 600-fig. 3. The photocurrent ratio of the grating-photodetector pair shown in

periods. The angle is defined a&@hen the polarization (E-field) of the light Fig. 2. The ratio is independent of the incident optical power and also has

is perpendicular to the grating’s fingers, att®0° when they are parallel.  one-to-one correspondence with the polarization angle provided that it is
either in the |-l or IV quadrant.

200-nm grating

EZ———— 600-nm grating

Fig. 2. The configuration of a grating-photodetector pair. The periods of
the two gratings are 200 and 600 nm and each grating has a photodetector
underneath it.

Nevertheless, the angles corresponding to the maximum and
minimum transmittances of the 600-nm grating are exactly
reversed. This phenomenon is caused by the excitationsFi§f 4- The final structure of the device. Three grating-photodetector pairs
. . are integrated on the same substrate.

surface modes when one of the grating’s propagating orders
becomes grazing [8]. As a result, transmittance of fhe
polarization changes sharply. In fact, it reaches a maximumio gratings onto the surfaces of two photodetectors (Fig. 2).
when the period of the grating is much smaller than the light the two gratings are integrated so closely such that they
wavelength and a minimum when the period equals to tke@counter the same optical intensity under an illumination,
light wavelength (Rayleigh’s anomaly). On the other handhe photocurrentratio of the two photodetectors will be
the transmittance of thé>-polarization remains almost theindependent of the incident optical power. On the other
same since the grazing mode of this polarization is suppresseud, it will still have a one-to-one correspondence with the
in a shallow grating. The overall effect of th& and P- polarization angle if the periods of the gratings are different.
polarizations is that a grating favors the transmission of the fact, the polarization-dependency of the photocurrent ratio
S-polarized light if its period is much smaller than the lighwill be stronger than that of any grating’s transmittance if
wavelength; it favors that of th&-polarized light if its period two gratings with reversed maximum-transmittance-angles are
is close to the wavelength. used, for example, the 200- and 600-nm gratings.

Fig. 1 clearly indicates that the transmittance of a grating The photocurrent ratio of the 200/600 grating-photodetector
has a one-to-one correspondence with the polarization angéer, p = Isoo/I200, IS shown in Fig. 3. As expected, it
6, provided thatf is either in the I-IIl or 1I-VI quadrant. changes more rapidly with the polarization angle than does
This feature provides an unique property for determining thiee transmittance of a grating. Furthermore, we have also
polarization angle. For example, if mount a grating onto teund that the photocurrent ratio remains a constant at each
surface of a photodetector, the photocurrent of the detectmiarization angle even if the incident optical power varies by
will be proportional to the transmittance of the grating, anseveral orders of magnitude.
therefore will have the same one-to-one correspondence withHowever, the photocurrent ratio does not tell whether the
the polarization angle. However, the polarization angle canramtgle is in the I-lll or lI-IV quadrant. This problem can
be completely determined by the photocurrent of the phbe solved by integrating the original grating-photodetector
todetector since it is also proportional to the incident opticaghir with two identical, but-45° rotated pairs (Fig. 4). The
power. This problem can be solved by separately integratippotocurrent ratios of these pairs, i.@.450 and p_45- as
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Fig. 5. The transmittance ratios of th¢45° and —45° rotated grat-
ing-photodetector pairs.
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Fig. 6. T as afunction of the polarization angke,It is a monotonic function
of the angle in all quadrants.
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an electronic divider with each grating-photodetector pair,
simultaneous photocurrent measurement and ratio-taking are
possible, which will effectively suppress the common modes
of the noise and therefore improve the angular resolution of the
device. It should also be remarked that different LPDD’s may
be needed at different light wavelengths since the polarimetry
of a grating depends strongly on the wavelength. However, for
a small wavelength variation, a simple calibration should be
enough to keep the device functional.

In application, a LPDD can be designed as an optical
head such that it can be easily inserted into and then re-
moved out from a beam. Since the photodetectors inside a
LPDD can also be used to detect the incident optical power,
this head can therefore be applied as a power head with
capability of polarization-direction detection. Additionally, a
two-dimensional (2-D) array of LPDD can be used to map
the polarization state of the light with varied cross-section
polarizations, for example, the circular-tangential polarized
light [9].

Finally, a simplifed version of the LPDD with a lower
resolution is to use the four photodetectors; three of them with
gratings and 45 apart and the fourth one without a grating
(for calibrating light intensity).

We have proposed, for the first time, a monolithic device
for detecting the polarization direction of linear-polarized
light. An angular resolution of 0°2is predicted. The device
consists of only subwavelength metal gratings integrated with
photodetectors, no rotating parts exist. A variable, defined
through photocurrent ratios of the detectors, shows a one-to-
one correspondence with the polarization angle of the linear-

CONCLUSION

shown in Fig. 5, are shifteet45°, respectively, from that of polarized incident light, which is, therefore, used to determine

the original pair on the-axis. Knowingp4s- and p_4s-, a
new variable I', can then be defined as

= P+450 — P—45° (po — min(po)) 1)
|P+45° - p—45°|

the polarization direction. Compared to other instruments, this
device is compact, simple, fast and cost-effective, which make
it an ideal element for optoelectronics and optical integrated
circuits.

where po is the photocurrent ratio of the original pair. As

shown in Fig. 6" is a monotonic function of the polarization
angle in all quadrants. Therefore, any polarization angle ig
uniquely determined by & value. Moreover, all humerical
operations needed for calculatingand I' can be realized 2]
electronically by using circuits ether integrated on the samg)
chip with the device or installed in an external meter. The
calibration curve, Fig. 6, can be stored in an EPROM. [4]
The angular resolution of the device is determined by it$5]
angular sensitivitydI' /df, and the relative error in measuring
the photocurrent ratio. The sensitivity of the device, calculateg
from Fig. 6, is equal to 0.01 degrek at (®. The relative
error in measurindg' has been found to be 0.2%. Therefore an”]
angular resolution of 0%2can be achieved. The experimental[g
errors are mainly caused by the noises from the light source
and the photodetectors. In our experiment, the photocurren@
of the detectors are measured individually. By integrating
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