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Abstract—We demonstrate experimental post-compensation of
ultra-wideband (UWB) antenna dispersion at a receiver front-end
by using programmable microwave photonic phase filtering. After
the received RF signal is modulated onto an optical carrier, we uti-
lize a hyperfine resolution optical pulse shaper to apply the con-
jugate of its spectral phase in the optical domain. After optical-to-
electronic conversion, this yields an electrical waveform, which is
compressed to bandwidth-limited duration. Further we use this
technique in two schemes: a radar configuration in which we re-
solve two close echoes from different paths, which initially interfere
and mask each other due to the dispersed response of the antenna
link, and a spread-time UWB transmission configuration in which
we retrieve and compress a distorted signal received in line-of-
sight. To our knowledge, this is the first experimental demonstra-
tion of dispersion post-compensation of UWB RF waveforms to ap-
proach the ultimate bandwidth-limited resolution, as well as identi-
fication of such signals by matched filtering and compression. Our
technique is programmable and offers potential to enhance perfor-
mance in UWB radar and communications.

Index Terms—Antenna dispersion, microwave photonics, radar
resolution, ultra-wideband (UWB) systems.

I. INTRODUCTION

I NTEREST IN ultra-wideband (UWB) systems has grown
rapidly due to appealing features such as high data rate,

multiaccess, and low probability of intercept communications.
The application of UWB to ranging and radar has also received
attention [1]–[3] due to the potential for hyperfine range resolu-
tion. However, the efficient use of single-carrier large fractional
bandwidth signals that efficiently utilize the ultrawide band-
width allocated by the Federal Communications Commission
(FCC) [4] remains a challenge. Manipulation of large instanta-
neous bandwidth UWB signals incurs challenges related to gen-
eration, transmission, and detection.

Although electronic generation of UWB impulses has been
extensively investigated, microwave photonic techniques have
demonstrated superior capability for generation of arbitrary
UWB waveforms with instantaneous bandwidths beyond that
offered by electronic solutions [5]–[11]. Processing of large in-
stantaneous bandwidth UWB signals for detection in a receiver
is an even more challenging problem. Correlation schemes are
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one common approach; however, bandwidths are limited and
precise synchronization is required. To date, surface acoustic
wave (SAW) technology offers the largest bandwidth for
asynchronous real-time processing. However, SAW correlators
have been demonstrated only for bandwidths up to 1.1 GHz
(30% fractional bandwidth of the 3.63-GHz center frequency),
well below the full bandwidths potentially available for UWB,
with insertion loss of 23 dB even after accounting for the
pulse compression gain [12]. Furthermore, the correlation
function for such SAW devices is fixed (not programmable),
and further progress is difficult due to shrinking dimensions
and increased loss associated with higher center frequencies
and larger bandwidth. Digital signal-processing techniques for
large instantaneous bandwidth UWB systems are limited by the
speed of analog to digital converters (ADCs) [13], [14].

A new approach is to use RF photonic phase filters for
asynchronous matched filtering and compression of UWB RF
waveforms. In recent experiments in a wired configuration,
we demonstrated programmable matched filtering and com-
pression of RF waveforms with up to 15-GHz instantaneous
bandwidth [15]. Here, for the first time, we demonstrate the use
of programmable RF photonic phase filters for asynchronous
matched filtering of UWB signals after line-of-sight wireless
transmission. The resultant pulse compression functionality
may contribute to enhanced range resolution for radar and
enhanced data rates and multiple-access capability for commu-
nications.

One of the key limitations in UWB transmission systems
[16], particularly in line-of-sight, is signal distortion due to
dispersion and frequency dependent transmission. Channel
nonuniformity assuming no emission regulation is arising
from nonuniform spectral amplitude response of the channel
including the receiver and transmitter elements, which de-
termines the effective channel bandwidth. To overcome this
limitation, shaping the transmitting signal spectrum has been
proposed in [8] and [17]. Dispersion due to the nonlinear
RF spectral phase response of the transmitter and/or receiver
elements is the focus of our study in this paper. In particular,
for large fractional bandwidth signals, the antennas utilized
in a wireless link may contribute very large dispersion to the
signal [16], [18], [19]. This problem has been theoretically in-
vestigated, and optimization of transmit waveforms in order to
maximize the received signal energy or peak voltage has been
analyzed [20]–[22]. Recently, experiments have been reported
in which photonically generated UWB RF waveforms were
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synthesized in order to successfully precompensate for antenna
dispersion [23]–[25]. The application of photonically generated
arbitrary waveforms to measure the frequency-dependent delay
of broadband antennas has also been demonstrated [26].

In principle, the precompensation technique relies on gener-
ation of a transmit signal shaped according to the time-reversed
impulse response of the link. However, in point-to-multipoint
systems when diversity is present among receivers, e.g., dif-
ferent receive antennas, this technique cannot compensate all
the links simultaneously. Furthermore, in the context of wireless
communications, when the delay between adjacent symbols is
less than the time spread of the impulse response, this technique
requires synthesis of a waveform equal to the coherent combina-
tion of two or more delayed precompensation waveforms. This
adds to the complexity required from the waveform generator
and may exceed current capabilities.

Alternately, real-time post-processing to remove dispersion
can be performed at the front end of the receiver. This resolves
the problems of receiver diversity and waveform generator com-
plexity. Here, by connecting the output of a receiving antenna
to a programmable UWB phase filter implemented in photonics,
we demonstrate compensation of the dispersion associated with
antennas in a line-of-sight wireless link. In addition, we also
demonstrate waveform identification functionality through ap-
propriate programming of the phase filter.

The FCC’s regulation on UWB emission [4] includes a con-
straint on full bandwidth peak power, which has been analyzed
as a function of repetition rate for various pulse bandwidths [27].
It is shown that for repetition rates less than 187.5 kHz, the full
bandwidth peak power constraint dominates the average power
spectral density constraint. Therefore, for fixed bandwidth, one
may transmit at higher energy at the allowed peak power by uti-
lizing waveforms that are spread in time by application of spec-
tral phase modulation.

On the other hand, in radar systems where high energy pulses
are required at low repetition rate, amplification of large frac-
tional bandwidth impulses becomes a bottleneck because of the
tradeoff between bandwidth and output swing in RF power am-
plifiers. In order to increase pulse energy at a fixed peak voltage,
bandwidth-limited pulses are commonly replaced by spread-
time waveforms, which are spectrally phase modulated, e.g.,
linear chirp [28]. Conventionally the return signal is correlated
with a replica of the transmit signal to obtain compression and
realize the ultimate range resolution. However, this scheme re-
quires accurate timing between received waveforms and ref-
erence signals and must be performed in multiple shots or in
multichannel processors [28] in the absence of prior knowledge
of return signal delay. These problems are particularly difficult
when the bandwidths are very large. A different solution is to
use a real-time phase filter, which cancels the spectral phase of
the waveform. This compresses the waveform to the bandwidth
limit, which can be used to improve signal-to-noise ratio and
better resolve closely spaced return signals. In this context, we
further demonstrate compression of arbitrary waveforms by si-
multaneously phase compensating the waveform itself and dis-
persion compensating the wireless link.

Fig. 1. Antenna link configuration.

II. EXPERIMENT

A. Antenna Link Time-Domain Response

Fig. 1 shows the configuration of our pulsed wireless trans-
mission experiments. We use two ridged TEM horn antennas
(Dorado International GH1-12N) with a specified bandwidth of
1–12 GHz in line-of-sight separated by about 1 m. The dis-
tance of 1 m was chosen to satisfy the far-field constraint at
a frequency of 1 GHz. We choose highly directional antennas
to avoid multipath interference and focus on the line-of-sight
link response. Hence, the received waveform will be distorted
mainly from the response of our antennas, and not the multipath
effect. We note that although a ridged TEM horn antenna is not
as highly dispersive as other UWB antennas such as spirals, the
amount of dispersion suffices for a proof-of-concept demonstra-
tion of the improvement offered by dispersion compensation.

A photodiode with a 3-dB bandwidth of 22 GHz is driven by
a mode-locked laser and its output drives the transmit antenna.
The receive antenna is connected to a 26-GHz bandwidth sam-
pling scope. Similar to [23], we obtain the impulse response of
the antenna link by exciting the transmit antenna with a 30-ps
pulse (410-mV peak voltage) from the photodiode [see inset
of Fig. 2(a)]. The measured time-domain response is shown in
Fig. 2(a). The short input pulse is obviously dispersed and the
received waveform shows clear oscillations over roughly 4 ns.
The received waveform is down-chirped with the low-frequency
components near the antenna low cutoff frequency of 900 MHz
occurring roughly 4 ns after the high-frequency oscillations at
the leading edge of the waveform. Since the spectral content of
the exciting pulse is much broader than the antenna frequency
response, we can simply assume the time-domain response in
Fig. 2(a) as the link impulse response. Through Fourier trans-
form, we extract the spectral amplitude (normalized) and phase
of the link response, which are shown in Fig. 2(b).

The spectral amplitude of the link frequency response de-
creases above 1 GHz. This can be explained by the Friis trans-
mission equation [29]

(1)

where and are receive and transmit powers, and
are receive and transmit antenna gains, is the speed of light in
the medium, is frequency, and is the distance between an-
tennas. Hence, we can write the antenna link spectral amplitude
response as

(2)
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Fig. 2. (a) Ridged-horn antenna link measured time-domain response. The
30-ps driving pulse is shown in the inset. (b) The antenna link frequency
response, amplitude (normalized), and phase extracted from the time-domain
response.

Since the received power is inversely proportional to fre-
quency squared, the spectral amplitude drops by 20 dB per
decade even if the antenna gains are frequency independent.
The spectral phase in Fig. 2(b) is plotted after subtraction of
the linear part of phase. The subtraction of the linear part of the
phase is relevant, as it represents only a constant delay.

B. Experimental Setup

A schematic of our experimental setup is shown in Fig. 3. The
core of our setup is a microwave photonic filter, first demon-
strated in [30], which is based on optical frequency-domain
filtering combined with optical to electrical (O/E) conversion
to implement programmable microwave photonic phase filters.
The optical frequency-domain filtering is based on Fourier
transform pulse shaping [31], which has been extended to
hyperfine (about 600 MHz) spectral resolution through the use
of a virtually imaged phased array as a spectral disperser [32].

In this technique, RF frequencies are up-converted to optical
frequencies, which are then spread out spatially by a spectral
disperser and manipulated independently and in parallel through
a spatial light modulator. In principle, this enables spectral am-
plitude and phase control; here we program the spatial light
modulator for a phase-only response. Hence, the phase filter im-
posed onto the optical spectrum is directly mapped onto a mi-
crowave phase filter at the output. As a result, a user-defined fre-
quency-domain microwave phase filter is implemented photon-
ically that provides essentially programmable arbitrary phase
filter response over an RF band from dc to 20 GHz with about

Fig. 3. Experimental setup. The wireless link is followed by an RF amplifier
and the microwave photonic phase filter.

600-MHz spectral resolution. The minimum achievable spec-
tral resolution is essentially limited by a spectral disperser. The
minimum spectral resolution of a pulse shaper determines the
maximum time aperture over which a waveform may be ma-
nipulated. A spectral resolution of 600 MHz corresponds to a
time aperture of about 730 ps. For more details on such phase
filtering, please refer to [15] and [30].

In this setup, a tunable laser with linewidth below 0.1 pm cen-
tered at 1550.17 nm is input to a Mach–Zehnder (MZ) intensity
modulator with an electrical 3-dB bandwidth of 30 GHz and a
minimum transmission voltage of about 4.75 V. The modu-
lator is driven with a broadband RF amplifier (30-dB gain with
bandwidth of 0.1–18 GHz) fed by the RF waveform received
via the receive horn antenna. The MZ modulator transfers the
RF signal into the optical domain as a double-sideband modu-
lation about the optical carrier. The resulting double-sideband
modulated signal is input into an optical pulse shaper.

The output of the hyperfine optical pulse shaper is applied to
an erbium-doped fiber amplifier. After amplification in an er-
bium-doped fiber amplifier, the optical signal passes through a
3-nm optical filter to reduce its amplified spontaneous emission.
The spectrally-filtered optical signal is then down-converted to
baseband via a photodiode with an electrical 3-dB bandwidth of
22 GHz. Since a photodiode maps optical intensity to an elec-
trical signal, the resulting voltage signal is required to be a posi-
tive-definite quantity. The corresponding nonzero dc level is re-
moved by a dc blocker. The resultant microwave signal is mea-
sured by a fast sampling scope.

The Fourier transform pulse shaper passes both the carrier
and both sidebands of the modulated optical signal. By pro-
gramming the spatial light modulator, a filter with an arbitrary
spectral phase can be synthesized and imposed on the optical
signal. After O/E conversion, the relation between input and
output electrical signals is given by

(3)

where is the microwave photonic filter frequency re-
sponse, and and are the Fourier transforms of input
and output electrical signals. For practical signals which are
real, one sideband is a complex-conjugate of the other. Thus, in
our apparatus, optical phase filters are programmed with com-
plex-conjugate symmetry about the optical carrier frequency. In
order to program the microwave photonic filter as a phase-only
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Fig. 4. (a) Output electrical waveform when the pulse shaper is quiescent.
(b) Output dispersion compensated electrical waveform after the phase filter is
applied, and calculated dispersion-compensated electrical waveform by an ideal
photonic phase filter in solid and dashed lines, respectively.

filter, we first extract the spectrum of the output dispersed elec-
trical waveform when the pulse shaper is quiescent, i.e., no spec-
tral phase is added, by taking Fourier transform of the measured
output waveform. By imposing the opposite of the output dis-
persed waveform’s spectral phase onto the corresponding op-
tical signal spectrum, the envelope of the optical carrier elec-
tric field is compressed to its transform-limited duration. This
results after O/E conversion in an electrical pulse that is com-
pressed to a bandwidth-limited duration. In other words, we
have , which results in an output
electrical signal with spectrum

(4)

III. EXPERIMENTAL RESULTS

A. Antenna Dispersion Compensation

The results of antenna link dispersion compensation are
shown in Fig. 4, where voltage profiles after the dc blocker
of Fig. 3 are plotted. Fig. 4(a) shows the output waveform
when the pulse shaper is quiescent. The output waveform
after the microwave photonic filter when no spectral phase is
added is almost the same as the received dispersed waveform
in Fig. 2(a). The spectral phase of the waveform in Fig. 2(a)
is then extracted via fast Fourier transform (FFT), and the
spatial light modulator in the pulse shaper is programmed for
equal, but opposite, spectral phase. Mathematically we have

, which results in

(5)

Assuming an input bandwidth limited pulse with a bandwidth
larger than the link bandwidth, the output signal becomes
proportional to with a constant factor. Fig. 4(b) shows
the compressed electrical waveform at the output after the con-
jugate spectral phase is applied through the microwave photonic
filter in a solid line. As we expect, the received waveform after
dispersion compensation is highly compressed.

The compressed voltage pulse has a duration of 65-ps full
width at half maximum (FWHM), which is very close to the
bandwidth limit. The residual oscillation around 3.6 ns is due
to the fact that our microwave photonic filter has a temporal
window less than 1 ns, as mentioned in Section II; wings of
the received waveform corresponding to time spreads greater
than the phase filter’s time aperture cannot be fully dispersion
compensated. This limitation also results in asymmetry in the
dispersion-compensated waveform. The RF peak power gain is
5.52 dB.

Assuming an ideal photonic phase filter with no spectral res-
olution or time aperture limits, and setting the spectral phase of
the waveform in Fig. 4(a) to zero, we can calculate the ideal
dispersion-compensated waveform. The result is shown by a
dashed line in Fig. 4(b). The ideal FWHM pulse duration and
peak power gain are calculated to be 64 ps and 8.67 dB, respec-
tively. We attribute the slight discrepancy between our experi-
mental and calculated results to abrupt phase changes between
adjacent spatial light modulator pixels, which result in diffrac-
tion and excess loss at corresponding frequencies. This effect is
related to finite spectral resolution and has been investigated re-
cently, for example, in line-by-line pulse shaping [32]. This loss
is dependent on the rate of phase change across pixels and is,
therefore, waveform and frequency dependent. The difference
in peak power gain is due to the fact that the time aperture of the
filter is insufficient to fully capture the energy of the dispersed
waveform at the correlation point. Nevertheless, our measure-
ments show that the phase of the compressed pulse is corrected
with a high degree of precision.

Similar to [23], it is interesting to consider metrics that can
be used to quantify how well a signal is dispersion compensated
and compressed. We define the sidelobe level of a signal as the
ratio of the normalized power of the sidelobes to that of the main
lobe in the dispersion compensated signal

dB (6)

where is the voltage magnitude of the th sidelobe and
is the voltage magnitude of the main peak.

Fig. 5 shows the corresponding instantaneous power of the
waveforms in Fig. 4. The power plots are normalized to their
peak power, and the sidelobes are indexed with respect to the
main peak. We observe when the pulse shaper is quiescent, the
output waveform has a FWHM of 372 ps in terms of power,
however, when the antenna link is dispersion-compensated,the
FWHM becomes 47 ps, which is in excellent agreement with
the ideal dispersion-compensated waveform’s FWHM of 46 ps.
A summary of the sidelobe levels with respect to the main peak
for the antenna link impulse response, the dispersion-compen-
sated response, and the ideal dispersion-compensated response
is given in Table I.
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Fig. 5. Comparison of normalized power for: (a) the antenna link impulse re-
sponse. (b) Measured dispersion-compensated waveform. (c) Calculated disper-
sion-compensated waveform.

The main sidelobe level from the dispersion-compensated
waveform to the antenna link response is reduced from 2.47
to 13.46 dB (11-dB suppression, compared to 7.8-dB suppres-
sion in [23]), while calculation predicts up to 16-dB sidelobe
suppression for dispersion compensation by an ideal photonic
phase filter.

B. Approaching UWB Radar Ultimate Range Resolution

Fig. 6 shows our experimental setup, which mimics a sim-
plified radar configuration. There are two effective propagation
paths: line-of-sight and reflection from a target. The centers of
the antennas’ apertures are separated by about 95.5 cm, and they
are tilted upward in order to obtain two paths with equal trans-
mission amplitude. Here we use a metal plate as a target, which
is placed 19 cm away from the line-of-sight path. The plate is

TABLE I
COMPARISON OF SIDELOBE LEVELS IN THE RECEIVED WAVEFORM FOR LINK

IMPULSE RESPONSE AND DISPERSION COMPENSATED WAVEFORM

Fig. 6. Radar configuration.

initially positioned relative to the antennas such that the propa-
gating wave from the transmit antenna is incident on the plate
in TM polarization, yielding an amplitude reflection coefficient

.
Fig. 7(a) shows the received signal at the receive antenna,

which is a combination of two paths. Since the difference in
the path lengths corresponds to a time delay much smaller than
the antenna’s line-of-sight impulse response, the signal contri-
butions from the two paths interfere at the receive antenna. The
composite impulse response can be written as

(7)

where is the overall multipath antenna link impulse re-
sponse, is the line of sight impulse response, which has
a Fourier transform of is a coefficient accounting for
the strength of the reflection path with respect to the line-of-
sight path, and is the delay difference. The overall frequency
response is

(8)

In Fig. 7(a), large dispersion in the antenna link response
makes it difficult or impossible to distinguish the individual
signal paths from simple inspection of the received waveform.
Signal processing is required to identify the waveform contri-
bution from each path in order to resolve time delays between
return signals (related to spatial distances between targets). In-
stead here we utilize spectral phase filtering to remove unde-
sired dispersion from the antenna link. This compresses the dis-
persed waveforms from different paths back to bandwidth-lim-
ited pulses, which may be resolved at much smaller time off-
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Fig. 7. (a) Radar link response with TM reflection without the phase filter.
(b) Radar link response after applying the dispersion compensating filter. Mag-
nified view of two highly resolved pulses is shown in the inset.

sets. The compressed impulse response of the composite link
may be written

(9)

where is the compressed impulse response of the line-of-
sight antenna link given by

(10)

We note that this technique requires arbitrary phase filters, the
design and implementation of which has in the past remained
essentially unexploited in the microwave filter design area, par-
ticularly for UWB applications.

Fig. 7(b) demonstrates the received signal after dispersion
compensation via the programmable microwave photonic phase
filter. Now two distinct pulses are clearly resolved, with sepa-
ration of about 223 ps. A magnified view is shown in the inset.
Compared to Fig. 7(a), ringing due to dispersion is significantly
suppressed. The polarity of the two pulses is the same, consis-
tent with the TM reflection coefficient equal to one.

The difference between the line-of-sight and reflection paths
lengths calculated from the geometry in Fig. 6 is 242 ps, which
is in reasonable agreement with the measured 223-ps delay.
The slight difference between experiment and calculation arises
from referencing our geometrical measurement to the center of
the antenna apertures, which apparently does not exactly repre-
sent the wave propagation path.

Fig. 8. (a) Radar link response with TE reflection without the phase filter.
(b) Radar link response after applying the dispersion compensating filter.

We performed a similar experiment with the apparatus repo-
sitioned such that the wave incident on the metal plate is in TE
polarization, which has amplitude reflection coefficient equal to

. Here the centers of the antenna apertures are
separated by about 92 cm and the metal plate is placed 26 cm
away from the line-of-sight. Fig. 8(a) shows the received signal
arising from the combination of the two paths without disper-
sion compensation. Fig. 8(b) shows the received signal after dis-
persion compensation via the programmable microwave pho-
tonic phase filter. We observe two highly resolved pulses sepa-
rated by about 490 ps. The polarities of the two pulses are op-
posite, as expected for TE reflection.

Summarizing the results of this section: we have demon-
strated pulse compression over UWB bandwidths, yielding
distance resolution proportional to the bandwidth-limited pulse
duration. This significantly improves on results without disper-
sion compensation, where resolution is significantly degraded.

C. Simultaneous Dispersion Compensation and Compression
of Spread-Time Waveforms

As mentioned in Section I, the application of UWB
spread-time waveforms instead of monopulses may be used
to enhance transmit energy from a peak voltage limited
transmitter, although utilizing a phase filter to realize pulse
compression becomes necessary. Spread-time waveforms may
also be employed in UWB wireless communication, for ex-
ample, for purposes of multiaccess [34], [35].
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Fig. 9. Experimental setup. 15-bit pseudorandom sequence is generated by Ag-
ilent N4901 SerialBERT and transmitted via the wireless link followed by an RF
amplifier and the microwave photonic phase filter.

Here we utilize the programmable microwave photonic phase
filter both to dispersion compensate the antenna link and simul-
taneously to compress a specific spread-time waveform. This is
achieved by programming the filter to apply the conjugate of
the sum of the antenna link spectral phase and the spread-time
waveform spectral phase. Hence, by transmitting the spread-
time waveform from the transmit antenna, we will obtain a com-
pressed pulse at the output of the microwave photonic phase
filter corresponding to each path from the transmit antenna to
the receive antenna. Compression of the spread-time waveform
at the receiver should also provide gain in RF peak power and
improve the signal-to-noise ratio.

Fig. 9 shows the experimental setup, which is similar to the
line-of-sight setup of Fig. 3, but with a pattern generator pro-
viding the input electrical signal. Here we use the pattern gener-
ator from an Agilent N4901B SerialBERT, which we program
to generate a periodically repeating pseudorandom sequence of
15-bit length at 13.5 Gb/s.

Fig. 10(a) shows two cycles of the pattern generator output.
The waveform observed at the receive antenna is shown by a
solid line in Fig. 10(b). The dashed line shows the simulation re-
sult, calculated by convolving the pattern generator output with
the antenna link impulse response

(11)

where is the Fourier transform of the input pseudo-
random sequence (which can be also expressed in Fourier
series), and is the Fourier transform of the distorted
received signal. Clearly the pseudorandom sequence pattern
cannot be identified due to the distortion introduced by the
antenna link dispersion.

Fig. 10(c) shows the output of the phase filter for two cycles
when the pulse shaper is quiescent; the signal is similar to that in
Fig. 10(b). The output of the phase filter when it is programmed
for dispersion compensation of the antenna link response only
can be expressed as

(12)

where is the Fourier transform of the distorted re-
ceived signal after compensation of antenna link dispersion.
The measured received signal with link dispersion compensa-
tion only is shown by a solid line in Fig. 10(d). The ideal disper-
sion-compensated pseudorandom sequence, assuming an ideal
photonic phase filter, is calculated by imposing the opposite of
the spectral phase extracted from the waveform in Fig. 2(a) and
is shown by a dashed line.

With dispersion compensation, we can now identify the pseu-
dorandom sequence pattern, which is marked in the figure by 0’s

Fig. 10. (a) Generated pseudorandom sequence waveform. (b) Experimental
and simulated distorted pseudorandom sequence received through the antenna
link in solid and dashed lines, respectively. (c) Output of the microwave pho-
tonic filter when the pulse shaper is quiescent. (d) Experimental and simulated
retrieved pseudorandom sequence after compensating the antenna link disper-
sion in solid and dashed lines, respectively. (e) Experimental and simulated re-
ceived waveform after compensating the antenna link dispersion and conjugate
phase filtering the pseudorandom sequence waveform in solid and dashed lines,
respectively.

and 1’s for one waveform period. However, the signal remains
significantly distorted due to attenuation of the higher RF fre-
quencies, which is expected from the low-pass response of the
antenna link evident from Fig. 2(b). The simulation, which in-
cludes the frequency-dependent amplitude response of the link
through the factor, is in excellent agreement with the
measurement results; this provides evidence that the phase re-
sponse of the link is well compensated.

Authorized licensed use limited to: Purdue University. Downloaded on October 15, 2009 at 10:54 from IEEE Xplore.  Restrictions apply. 



HAMIDI AND WEINER: POST-COMPENSATION OF ULTRA-WIDEBAND ANTENNA DISPERSION 897

The output of the phase filter after programming the pulse
shaper to compensate both the antenna link dispersion and
the pseudorandom sequence waveform spectral phase can be
written as

(13)

The measurement result is shown in Fig. 10(e) via a solid
line, while the dashed line shows the simulation result assuming
an ideal photonic phase filter programmed according to (13).
Clearly each period of the transmitted pseudorandom sequence
is compressed to a single, almost bandwidth-limited, pulse. This
signifies that compression via spectral phase compensation is
robust against distortion arising from frequency-dependent am-
plitude response. These results, which demonstrate high-quality
pulse compression even when superimposing two different fre-
quency dependent phase functions, illustrate the flexibility and
accuracy provided by our programmable RF photonic phase fil-
tering approach.

IV. CONCLUSION

We have experimentally demonstrated post-compensation of
the dispersion of a UWB antenna link via programmable mi-
crowave phase filters, implemented in photonics. We achieved
compression of the time-domain power response of a line-of-
sight antenna link from 372-ps duration FWHM to 47 ps, es-
sentially at the bandwidth limit. We have also reported a simple
proof-of-concept UWB radar experiment in which such disper-
sion compensation improves the temporal resolution, allowing
clear resolution between return signals separated by 223 ps.
Based on the 65-ps compressed signal duration in these exper-
iments, we anticipate a temporal resolution of 32.5 ps, which
corresponds to 1-cm path length resolution. We have further
presented the application of phase-only matched filtering for
simultaneous dispersion compensation and compression of a
UWB spread-time transmit waveform. Our technique is fully
programmable and may for the first time open up the use of
well-known analog signal-processing methods, such as matched
filtering, for application to bandwidths in the UWB range and
beyond.

We note that the current research utilizes bulk optics pulse-
shaping systems, which are likely too expensive for low-cost
applications. Here we note that there is significant ongoing re-
search in the integration of optical pulse shaping into semicon-
ductor technology [36], which may, in the future, enable in-
tegration of optical processing techniques into compact lower
cost devices. On the other hand, in applications such as satellite
communications and radar systems, higher cost may be toler-
able while achieving much higher performance.
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