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Presentation Outline 

•  Basic antenna models 
•  Phased Array Antennas (PAA) 
•  Beamforming: phase shifters vs. true-time delay 

(TTD) 
•  Photonic TTD systems 
•  Proposed system: Photonic TTD beamformer 

based on a tunable polarization-domain 
interferometer 

•  Conclusions & Future work 
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Basic antenna models 
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Dipoles Horn Parabolic 

Basic antennas offer very limited options in designing the 
radiation diagram. 
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Antenna arrays 
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Dipoles Horn Parabolic 

Basic antennas offer very limited options in designing the 
radiation diagram. 

Yagi Antenna 
(1926) 
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Phased array antenna – Transmitter scheme 
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input 

α1 exp(jφ1)  

α2 exp(jφ2)  

αN exp(jφN)  

• 	  Split	  
• 	  Delay	  

• 	  Gain	  
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input 

α1 exp(jφ1)  

α2 exp(jφ2)  

αN exp(jφN)  
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φ 
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Phased array antenna – Receiver scheme 
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output 

α1 exp(jφ1)+ 

α2 exp(jφ2)+… 

αN exp(jφN)  • 	  Delay	  
• 	  Gain	  

• 	  Combine	  
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Phased array antenna design – impact of N 
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N = 5; αi =1 N = 20 ; αi =1 
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N = 20 ; αi =1 

Phased array antenna design – impact of α 
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N = 20 ; αi =Blackman 
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Beamforming – Phase shift or TTD? 

In practice: 
•  αi = αi(f) (e.g. low pass filtering) → beam distortion 
•  φi = φi(f)  (e.g. dispersion)  → beam squinting 
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PS VS. TTD: 
•  φi = φi  → phase shifting  
•  φi = φif  → true-time delay: enables broadband operation 
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Phase shift – beamsquinting 
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Photonic TTD beamformer 
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input 

α1 exp(jφ1)  

α2 exp(jφ2)  

αN exp(jφN)  

• 	  Split	  
• 	  Delay	  

• 	  Gain	  
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Photonic TTD beamformer – Transmitter scheme 
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input 

E/O 

O/E 
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Photonic TTD beamformer – Receiver scheme 
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E/O 

O/E 
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Tunable Mach-Zehnder delay interferometer 
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Tunable Mach-Zehnder delay interferometer 
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TMZDI implementation – PDI 
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Beamformer based on PDI 
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E/O 

Beamformer O/E 
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Beamformer based on PDI – optimization 
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E/O 

Beamformer O/E 

Single laser Single delay 
line 

Tunable 
beamforming 
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Ideal TTD vs. Proposed scheme 
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PDI Decentering 
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Centered PDI, with fRF-fmax≠0  
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Precise centering between the laser and the PDIs must 
be ensured to avoid beamsquinting 
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Experimental assessment 
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Conclusions 

•  A novel photonic TTD beamformer was presented. 
•  Advantages: one laser, one delay line, simple tunability. 
•  Simple devices ease the implementation in integrated optics. 
•  Problem: coherent operation → integrated optics. 

•  Future work 
•  Receiver scheme. 
•  Incoherent operation. 

•  More details in:  
•  Drummond, M. V.; Monteiro, P. P.; Nogueira, R. N.; , "Photonic True-Time Delay 

Beamforming Based on Polarization-Domain Interferometers," IEEE/OSA Journal 
of Lightwave Technology, vol.28, no.17, pp.2492-2498, 2010 
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