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Squint-less Phased Array Antenna Near-field Subwavelength Focusing with
True-time Optical Delay Line
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The near-field subwavelength squint-less focusing system of a phased array antenna is designed and demonstrated by numerical
simulation. The Huygens-Fresnel principle is applied to numerical simulation for calculation of the phased array antenna at
microwave frequency. It was shown that beam squinting can be eliminated, utilizing true-time optical delay lines based on a
chirped fiber grating in the proposed system. Furthermore, subwavelength focusing with high numerical aperture can be achieved
by considering the fact that the array elements of the phased-array antenna can be treated as diffractive elements in an optical
lens system. Also, side lobes can be suppressed by decreasing the distance between element antennas to less than half of the
wavelength.
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Fig. 1. Coordinate definition for the calculation of electromagnetic
field distribution.
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Fig. 2. Arbitrary time delay feeding system employing tunable filters and chirped fiber grating; EOM: electro-optic modulator; PD: photodiode.
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Table 1. Simulation parameters for observing beam squinting

Phase A0 [degree]
W
o

caused by frequency detuning 20
Parameter Description Values 10

d Space between antennas 0.57 [cm] ‘ j i i

L Antenna array length 20 [cm] 00 5 1b 1|5 20 25 30 35

25 [GHz] Antenna Number
f Frequency
(detuned -10, +10 [GHz]) Fig. 7. Required phase difference for focusing at x=35 [cm] and
Focal point (x, z) = (5, 15) [cm] z=15 [cm] in the case of general phased array antenna.
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Fig. 5. Comparison of beam squinting characteristics between conventional phased array antenna and array antenna with true time delay lines.
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Table 2. Simulation parameters for observing subwavelength
focusing

Parameter Description Values
d Space between antennas 1.0 A
L Antenna array length Varying | 20~121 [cm]
NA Numerical aperture Varying 0.45~0.95
f Frequency 15 [GHz]
Focal point (x, z)=(0, 20) [cm]
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Fig. 8. Comparison of the spot size of focal point with numerical
aperture variation.
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Fig. 9. Subwavelength focusing characteristics. (a) Lateral direction (x-axis) intensity profile of the focal spot with numerical aperture variation.

(b) Spot size as a function of the numerical aperture.
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Parameter Description Values
d Space between antennas | varying | 0.5 A ~ 1.5 A
L Antenna array length 30 [em]
NA Numerical aperture 6
f Frequency 15 [GHz]
Focal point (x, z)=(0, 20) [cm]
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Fig. 10. Comparison of intensity profile while varying the space
between antennas.
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Fig. 11. Comparison of the lateral direction (x-axis) intensity
profile of focal spot with varying the gap between antennas.
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