


















Fig. 11 shows the result concerning a steering accuracy for all positive steering angle (0◦ − 40◦). There was
less than 0.1◦ angle difference for small and large steering angles, but the angle difference increases to 0.8◦ for
mid-range steering angles. The offset is caused by the non-linear diffraction property of the PGs since the input
angle affects the output angle slightly as shown in Eq. 3. These static offsets are what we are expected and can
be compensated as placing additional active grating if it is necessary.

Step 1 66.5%

Step 6 69.0%

Step11 69.3%

Step16 67.0%

Figure 12. Photographs of the captured steered beams on an IR viewing-card: 4 different steps among the 16 positive
steps of the supra-binary beam steerer. The measured throughput is indicated in each picture.

The photographs of the steered beams captured by an IR viewing-card are shown in Fig. 12. We fixed the
position of the camera and took each steered beam projected on the card that was 20 cm away from the input
source. To measure the power of steered beams, we used IR power detector with integrating sphere (Newport).

The measured diffraction efficiency and transmittance of the mainlobe for each steering angle are shown in
Fig. 13. The transmittance T is calculated as T = Pmain/Pin, where Pmain is the mainlobe power and Pin is
the input power. The efficiency, a normalization that removes the effect of the substrates to reveal the aggregate
effect of the diffractive PGs, is defined as η = Pmain/Ptot, where Ptot is the total transmitted power into the
exit hemisphere, measured with an integrating sphere. For every steering angle, a transmittance (66− 70%) and
high diffraction efficiency (88 − 91%) was observed. Also, it is worth noting that the steerer is still relatively
efficient even when the incidence angle is far from normal. The difference between transmittance and efficiency
confirms that losses in this demonstration are predominantly related to the substrate absorption and reflection
from the LC half-wave plates, and that the LC polymer PGs are fairly efficient at redirecting light as expected.
The reflectance and absorption is primarily due to the various interfaces and electrode material that is not
optimized for index matching (nearly 6% loss from each LC cells), while the LC itself has comparatively very
low absorption.
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Figure 13. Characterization data of the supra-binary beam steerer: transmittance and efficiency of the mainlobe for all
possible steering angles.

Proc. of SPIE Vol. 8052  80520T-10

Downloaded from SPIE Digital Library on 23 May 2011 to 152.14.247.179. Terms of Use:  http://spiedl.org/terms



-30 -20 -10 0 10 20 30 40-40
0

20

40

60

80

100

Observation Angle (deg)

Tr
an
sm
itt
an
ce
(%
) 40° (max) 67.0%

2.1%0.9%0.5%0.3%

Figure 14. Characterization data of the supra-binary steerer operating at 1064 nm: relative power (transmittance) distri-
bution at all output angles for maximum steering angle (+40◦).

In order to observe the diffracted power distribution, we show the relative transmitted power across the
observed output angle range ±45◦ for maximum steering angle: +40◦. In this case, small sidelobes (0.9% and
2.1%) were detected at the angle of −8.8◦ and +19.3◦ and very low sidelobes are generally observed throughout
the steering angles, as shown in Fig. 14.

5. CONCLUSIONS

We have demonstrated an LC polymer PG based, wide-angle, nonmechanical beam steerer having 80◦ FOR with
2.6◦ resolution (totally, 32 steering angles) at 1064 nm and have described its design principles. The device shows
high efficiency (88 − 91%) with 66 − 70% throughput that is mainly limited by the reflectance and absorption
losses due to the various interfaces and electrode materials. The throughput can be further improved with higher
quality electrodes (lower IR absorption) and substrates index matched to the polymer films. The supra-binary
beam steerer offers more steering angles with the same number of LC cells (and therefore lower loss) compared
with other steering designs, can achieve very large steering angles with low sidelobes, and supports comparatively
large beam diameters paired with a very thin assembly and low beam walk-off. Moreover, the switching time of
the steerer depends on the switching time of polarization selectors (e.g. LC half-wave plates), and therefore the
steerer can be made very fast using fast polarization selectors (e.g. ferroelectric material). Therefore, high-speed
steering can be realized with the supra-binary design. Note that while the design described here is limited to
steering in one dimension, two-dimensional steering can also be implemented by arranging two of these PG
steering assemblies sequentially.
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