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Pseudo-analog true-time-delay module based on

substrate-guided wave and WDM

irc Mot w8 Optic il
Future generations of satellites, aircraft, ;

missiles, ships, and wireless communica- !
tion systems will require antennse and ri-
dar with strict performance requirements.
The use of photonics, phased array, and
true-time-delay (TTD) technology opens
the possibility of high performance an-
tenna systems while meeting stringent
weight and size requirements. ' Various
types of photonic TTD units have been
demonstrated by different research
Eroups,
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In our spproach, 2-D substrate- guided G / ,:" i
wave and wu\'rlunplh-mulh_plcl!nglcuh- m'_:: ) *b | s %
nology are employed to achieve TTD de- S _‘@ & -
ing density and p, S

vices with a very high pac
continuously tunable delays. The system
structure is shown in Figure 1. A 1-10-N
fiber beamsplitier, with pre-determined
output fiber lergths, is used to provide N
delayed signals, each with o delay incre-
ment of M, The input holographic grating cou-
pler is designed to couple the surface-normal
incoming light into a substrate guided mode.
The output holographic grating couplers extract
an array of substrate-guided beams into a free-
space one-dimensional (1-D) array with M sur-
Tace-normal fanout beams. Equivalent deluy
intervals are obtained at subsequent fanouts due
toan equivalent propagating delay.

The time delay between two successive co-
linear fanouts is At. Thus, M-N delay lines are
achieved. Based on this structure, up to 7-bit
true-time-delay lines have been demonstrated
with delay steps of from 15 ps 1o 100 ps.' The
highest packing density achieved is 10 lines/
e, A S-bil device is shown in Figure 2 1o-
gether with its 32 fanouts, The bandwidth of
such u packaged 5-bit device is measured 1o be
2.4 THz and the fanout beam uniformity is
within £10%, For an N-bit device, the total in-
sertion loss from (he input 10 each individual
output is about 3N+2 dB. However, the total
energy loss from input 1o all output signals is
leks than 2 dB, The warking wavelength of the
devices ik around 1350 nm, which makes it casy

Figure 1. Strcture of subslrale-guided-wave lrue-time-
dalay knes.

to amplify the optical signals using commer-
cially available Erbium-doped fiber umplifiers

The fanout optical signals can either be de
tected by a high-speed photodetector array and
then senl to antenna transmitters by pro-
grammed switching, or can be switched and
amplified in the optical domain and then sent
1o the detector behind each antenna transmit-
ter. Since all delay signals can be achieved si-
multaneously using one delay unit, a single unit
can be used 10 control the whole antenna ar-
ray. To scan into one direction, o set of dis-
crete delay signals is selected to feed the an
ftenna elements. To scan to another angle, an-
other set of discrete delay signals is selecied
from all the fanout-delay signals 10 feed the
antenna elements.

Due to the dispersion of the holographic
volume grating coupler, the angular deviation
of the diffraction angle 0 of the surface-nor-
mal grating coupler, with respect to perfect
phase-maiching diffraction angle, can be writ-
1en ax* AQ = AA-tan B/A. Therefore, if the wive-
length of the beam incident to the coupling in

(b)
Figuwe 2. a) Packaged 5-0¢ TTD modse. b)
Fanouts of the &bit TTD modiles.

hologram changes slightly, the corresponding
diffraction angle within the substrate will fol-
low this change as shown in Figure 3a). As a
result, the length of the optical delay path afte
n times of bounces will be changed sl
which results in a small perturbation of the
nal delay. Figure 3b) and 3¢) show the 8 dif-
ferent incident wavelengths and the corre-
sponding fanouts after 8 bounces, Therefore,
the delay step can be continuously tuned by
tuning the working wavelength: By employ-
ing a tunable laser source and highly disper-
sive output fiber that has the same dispersion
characteristics as that of the substrate guide
wave device, continuous deluy (uning around
MN discrete delay signals can be achieved *
Therefore, onee the configuration of the delay
signals is sel to steer the beam into one dis-
erete direction under one wavelength, continu-
ous scanning in a small neighborhood around
the designated direction can be achieved. This
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nel, o laser beam is modulated at frequency f,
or f,. Phase differences equivalent to 10 ps
delays at f, = 700 MHz were measured, per-
lmtl;ng in-phase addition of the received sig-
nals (received signals were generated using
time delays that simulate reflection from the
target). In addition, note that these systems
could greatly benefit from a holographic
backplane’ to make them more compact, more
reliable, and for scaling up to 10" transmit/re-
ceive modules.
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is done by cominuously tuning the working
wavelength to provide an continuously-tuned
delay step.

In summary, substrate-guided-wave true-
time-delay modules, which can provide up 10
128 delay signals simultaneously under one
wavelength and control the stcering of a whole
antenna array, are proposed and fubricated, By
employing a continuo, ly-tunable baser source
and wking advantages of the dispersion of the
holographic grating coupler, wav ngth-
division-multiplexed pseudo-analog true-time-
dolay lines can be achieved to continuously
steer the radiated beam from phased-array an-
fennae,
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