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Outline

ÅMicrowave photonic matched filtering and broadband 

antenna dispersion compensation.

ÅProgrammable tunable microwave photonic filters based 

on optical frequency comb.

ÅConclusion.
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Å Generation of arbitrary radio frequency waveform. 

ü Surface acoustic wave devices.

ü Digital to analog conversion.

ü Photonic generation.
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Background and Motivation
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Å Due to the absence of arbitrary spectral phase microwave filters, a 

matched filter is implemented as: 

Å How to detect these arbitrary waveforms? 

Matched Filter:
Maximizing Signal to Noise Ratio (SNR) 

in presence of  Additive White Gaussian Noise

(AWGN)
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Spectral amplitude:

Spectral phase:

Filtering noise

Phase correction and compression
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ÅOther approaches:

ü Digital Signal Processing(1)limited to speed and dynamic range of 

analog to digital converter. 

ü Surface Acoustic Wave (SAW) filters(2). Center frequencies up to 

3.63 GHz with bandwidth of 1.1 GHz. 30 % fractional 

bandwidth. Non-programmable.

Background and Motivation

(1) Scholtz,  Pozar, and Namgoong,  EURASIP J. Applied Signal Processing, 3, 252-272, (2005).

(2) Brocato, Skinner, Wouters, Wendt, Heller, and Blaich, IEEE Trans. Ultrason., Ferroelectr., Freq. Control, 53, 1554ï1556, (2006).

(3) Brocato, Heller, Wendt, Blaich, Wouters, Gurule, Omdahl, Palmer, IEEE Topical Conference on Wireless Communication Technology (2003).

ÅWhy is compression of waveforms in ultrawidebandsystems 

important? Applications:

ïSynchronization pulse recovery.

ïOvercoming inter-symbol interference (ISI).

ïUWB radar.

ïUWB multi-access communication systems.

(3)
Limited bandwidth due to difficulties in 

fabricating interdigitatedstructures and 

transmission matching over a large 

bandwidth.



Microwave Photonic Filter based on 

Optical Pulse Shaper
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S. Xiao, A. M. Weiner, JLT, 24, Jul. 2006.

S. Xiao, A. M. Weiner, IEEE MTT, 54, Nov. 2006.

M. Shirasaki, Optics Letter, 21, Mar.1996.
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Waveform Compression
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(2) Lin, McKinney, and Weiner, MWCL15, 226-228 (2005)

UWB waveform generation

1. Microwave Photonic Arbitrary Waveform Generation via Frequency 

to Time Mapping(1),(2)
. (Microwave Photonic AWG) 

2. Agilent N4901BSerialBERT:

Pattern Generator Setup @13.5 Gb/s
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Compression of Broadband Waveforms
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Experiment

Simulation

ex and ca stand for experiment and calculation results.

Bandwidth~15GHz

gex= 14.2 dB

gca= 15.1 dB

Dtex= 40 ps

Dtca= 38 ps

001001101011110---repeats

Showing two periods.

gex= 15.3 dB

gca= 15.9 dB

Dtex= 53 ps

Dtca= 51 ps

Experiment 

Simulation

E. Hamidi, A. M. Weiner, IEEE/OSA JLT, 26, Aug. 2008.



Antenna Dispersion Compensation
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Peak Improvement= 5.52 dB

Peak Improvement= 8.67 dB

FWHM= 65 ps

FWHM= 64 ps

Experiment

Simulation

E. Hamidi, A. M. Weiner, IEEE MTT 57, Apr. 2009.


