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Abstract—A new optically controlled phased-array system Gated RF Signal
has been developed that has all the advantages of true time A M gpftlica:Bragg 5’
delay (TTD), yet only requires one tunable laser, one optical AN P - - A\ Circulator eliectors 5
modulator, and one fiber-optic grating unit. In this letter, a two- « .x“ o ’x ‘g
element serial-feed transmitter has been assembled and tested to AR -
demonstrate the feasibility of this novel concept. Experimental -
results include TTD operation from 6-12 GHz using both 10- o P .
and 1-ns pulses transmitted to five different directions. gy m " "hN A -
Index Terms—Optical control, phased array, serial feed, true N bt &
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|. INTRODUCTION . z
. H o
E HAVE developed a new optically controlled system, 1 s P> = =
suitable for phased array radar, microwave imaging, t n
directional data communication, and related applications [1], Photodiode RF XMIT Gates RF Ampiiiers  n-Element Array
[2]. This system uses a serial-feed concept that represents a de- ~ Petecors -
. . . Cr—1
parture from the conventional approach to these applications. -
Our concept yields a major simplification in both optical and Gating " Puise Length
microwave components. Unlike many of the parallel systems Signal - in Units of Time

[3]-[8] currently under investigation, our system requires a o Speed of Light in 2 Foer

single wavelength tunable laser, modulator, and time delay. 1. Basic serial-feed transmit mode implementation for arraynof

element [g] to provide the necessary phase and true tigje@ments. An optical Bragg grating unit in conjunction with a tunable laser
. . . . prﬁvides steering delays.

delays. In our design the use of fiber-optic techniques, suc

as long and low-loss delay lines, is intrinsic to operation

of the system. Precise timing control is used to distributehis network then feeds the parallel delays to the antenna

RF pulses with phase and time delay information to eaeffrays.

element in an operating antenna array. In this letter we report an our design, the timing portion uses an electrically tuned

demonstration of this concept using a two-element transmit{BR laser [10], [11]. The laser light output is both amplitude

with five pointing directions. We also exhibit true time delaynodulated at the desired microwave frequencies and gated at

(TTD) operation from 6-12 GHz. the RF transmission signal pulse length using an optical mod-
ulator. After passing through the modulator, the laser light is
[I. SERIAL-FEED CONFIGURATION directed through an optical circulator to a series of fiber-optic

The transmit function can be described in terms of a sera[299 reflectors. The incident optical wavelength determines
timing unit and a serial to parallel distribution network alhe Position in the fiber at which light is reflected back. Thus, a
shown in Fig. 1. The desired delays for a given RF beaffgvelength-selective delay can be imposed onto each RF mod-
direction are generated sequentially by the timing unit and thElated optical pulse. In the basic system discussed here, each
transformed into parallel signals by the distribution networierially fed optical pulse has a unique wavelength and there-

fore a unique time delay relative to the gating signal. The de-
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1309.50 nm

Returned light from the third port of the circulator enters 070
the distribution network formed by the tapped delay line. Itis so
important to note that this tapped line is used to transform 4,
serial signals into parallel ones and does not generate the,;
delays for beam steering. Once the series of optical pulses .
arrive at the correct delay line taps for each antenna elemen
the microwave modulation is extracted using photodetectorséw’
When the tapped delay line is fully loaded, the microwave §’°’
signals from these detectors are simultaneously gated on witi£1
microwave switches (Xmit gates). Each element’s microwave -20
pulse has the correct time delay set by the timing unit to form -so
a radiating beam in the desired direction. After the signal is _ |
radiated the switches are turned off and the line is reloaded. , ‘ ‘ ‘
The number of radiating directions is limited only by the 0 02 04 06 08 4 12 14 16 18 2
number of available laser wavelengths and Bragg reflectors.

Although our initial efforts used a two laser switched syster’ﬁg-?- Ten-GHz 1-ns pulses carried by 1307.50- and 1309.50-nm optical
. . . . . . .. carriers monitored on the CH1 of the DSO. The 1307.50-nm pulse leads the

and a fiber grating unit with discrete wavelength selectivityz,g 50.nm pulse by 40 ps.

the system will ultimately use a tunable DBR laser with a

linearly chirped grating to provide continuous scanning.

[0 1307.50 nm [ 1308.50 nm 4 1309.50 nm o 1310.50 nm  1311.50 nm
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To establish the viability of this serial-feed approach, we
have assembled a two-element transmitter with five opticafg 10
wavelengths yielding five discrete pointing directions. One& o 3 ¥ 4 1 & £ E
external cavity tunable laséwavelength = ;) and one fixed ol BB g._._. N
wavelength lasefwavelength = A;) are used in conjunction P b F i
with two optical modulators to generate the desired wave-3 . 7__£___{____§____}___i___{____§__
lengths. By alternately pulse gating and RF modulating the CWE w0
A and ) signals, a fast tunable laser switching between tWo 55 ¢ 65 7 75 8 85 9 95 10 105 11 115 12 125
wavelengthg A, and ) is effectively simulated. In our initial RF Frequency (GHz)
experiments the repetition rate of wavelength switching was 25 o _ _
Mz, corresponding to the tapped fiber delay lengi 4 |0, Measures hode drecton ueraus BF freaiency ot aferruid
m. The five values of\, varied from 1307.50 nm through nature of the system.

1311.50 nm, with a 1-nm separation between wavelengths, and

Ay was set at 1309.50 nm. These wavelengths were selected

based on the Bragg wavelengths of the fiber reflectors. Tﬁ?eptabl? rt;solutlk(‘)n, the radllatllon n(cj)dle was used t|)r'lste3d of
relative time delays between the pulses and the\; pulse the antinode. The two optical modulators were biased at

were measured to be40 ps,—20 ps, 0 ps, 20 ps, and 40 psdif'ferent modulation slopes to provid_e an exﬁrapha_\se s_hift
with an uncertainty of+2 ps. between the two el_ements. The.rgdlatlon node ¢r9c_hon was
The time-delayed RF signals feeding the two-element aff€asured by moving the receiving horn to minimize the
tenna array were monitored on a digital sampling oscill§létected signal, while maintaining the same distance from
scope’s (DSO's) channel 1 and 2 (CH1 and 2). By correctﬁ?e two-elemenft array. US|_ng an antenna separation of 2.54
gating the RF signals exiting the photodetectors, CH1 receivel], the theoretical node directions ar28”, —14°,0%, 14°,
the ), pulse (variable delay) and CH2 received thg pulse and 28. Fig. 3 _shows the measured node d|regt|on versus RF
(delay reference). Two representative pulse widths have bdEgfluency at different optical wavelengths using 10-ns-long
tested: 10 and 1 ns. The 10-ns pulses offer a flat middle portiBr!ses. It shows good agreement with the anticipated pointing
suitable for time-delay measurements using our DSO wighrections and effectively illustrates squint-free operation with
best-fit sine functions. The time delays measured using the t@@me fluctuations. The observed deviations are attributed to
channels of the DSO agree with the designed grating deldf€ fact that only two elements were used in this transmitter.
at RF frequencies from 6-12 GHz. The 1-ns pulses, withTdis resulted in a large uncertainty in locating the minimum
10-GHz center frequency, contained frequency compone®fs the received signal. By using more antenna elements,
from 8-12 GHz and were suitable for demonstrating the widtirect measurements on the antinode directions will provide
instantaneous bandwidth of the system. Fig. 2 shows 10-GKxceptional resolution with suppressed fluctuations.
1-ns pulses, with two of the five possible time delays. To demonstrate the wide instantaneous bandwidth of the
Because this experimental transmitter only has two elt#ansmitter, 10-GHz, 1-ns pulses with 25-MHz system repe-
ments, its radiating beam width is very brogd60°). There- tition rate were radiated. The radiation node directions were
fore, in order to demonstrate squint-free operation with ameasured to be the same as those in Fig. 3. The spectra of the
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| onenema —— Tuo Artemas from this configuration will go as the square of the number of
-40 wavelengths obtainable from each laser. Furthermore, a natural
45 o extension of this technology can be used both for the receive

mode and for passive imaging [1].

The two-element, five-delay transmit system we have pre-
sented is a basic unit that demonstrates the concept of a
serial-feed. It is possible to enhance this system in several ways
and to extend it to multiple frequencies and beams. Finally, this
system represents a major departure from traditional parallel
connected configurations. Because of its simplicity, we foresee

-80 its implementation in many new application areas.
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