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Baylor WMCS Program

ÅWireless and Microwave Circuits and Systems

ÅWireless and Microwave Education and Research in a 

Caring, Christian Environment  

ÅLaunched in 2008.

ÅFor more information, go to http://www.wmcslab.org. 

http://www.wmcslab.org/


Spectral Constraints
ÅRadar criteria imposed in the Radar Spectrum 

Evaluation Criteria (RSEC), which are 

determined by the National Telecommunications 

and Information Administration (NTIA).

ÅLess available spectrum will mean tighter 

requirements.  

ÅSpectral mask outlines the required confines of 

the signal:   
*Reprinted from J. de Graaf, H. Faust, J. Alatishe, 

and S. Talapatra, ñGeneration of Spectrally Confined 

Transmitted Radar Waveforms,ò Proc. IEEE Conf. on 

Radar, 2006, pp. 76-83



Sources of Spreading

ÅThird-order nonlinearity (ñintermodulation 

distortionò) in the amplifier transistor between in-

band components

ÅAssume a third-order nonlinear system:                         

ÅStimulate with a two-tone input signal:  
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Third-Order Intermodulation Terms



Intermodulation Results

ÅFor a radar bandpass signal (e.g. a chirp), 

each frequency at which the signal is 

nonzero represents a ñtoneò.  

ÅIn general, all pairs of tones intermodulate:

ïIn-band distortion

ïOut-of-band distortion (ñspectral spreadingò)

ÅTo minimize unwanted sidelobes:

ïLinearize the transmitter circuitry.  

ïOptimize the input waveform.  



Linearity vs. Efficiency
ÅEfficiency increases with output power.

ïGaAs MESFET power amplifier example shown below.

ÅLinearity decreases with increasing output power for 

amplitude modulated signals.
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Summary of Present 

Baylor/NRL Research Effort
ÅCreate a useful design approach for joint 

optimization of power-amplifier circuitry 

and waveforms.

ÅTwo-fold objective:

ïSpectral Conformity

ïPower Efficiency

ÅPossible Long-Term Outgrowth:  A real-

time, reconfigurable radar transmitter



Signal Generator

Future Radar Transmitter

Tunable Load Network 

(i.e. tunable MEMS 

capacitors or 

varactors)

FPGA 

Controller Spectrum 

Analyzer

Power 

Sensor

All functionality implemented on-chip and 

reconfigurable in real time.



Load-Pull Measurements

ÅLoad-pull:  varying the load impedance (around the 

Smith Chart) to find the load impedance producing 

maximum power, maximum efficiency, minimum ACPR, 

etc.  

IndexPoutdBm (1.000 to 66.000)

 

IndexPoutdBmDscr (1.000 to 1.000)
 (0.000 to 0.000)



Baylor Waveform and Load 

Optimization Lab Test Platform

*C. Baylis et al.



Test Platform Configuration



Baylor Optimization Test Platform

Signal Generator

Source Tuner Load Tuner

Power Meter

Spectrum Analyzer

Amplifier

Power Meter



Intelligent Search for PAE/ACPR

ÅSteepest ascent algorithm

ÅMaximum PAE found first.

ÅACPR point found from another steepest 

ascent search starting at the maximum 

PAE location.

ÅThe ACPR search will be along the Pareto 

tradeoff line and can be stopped when 

ACPR is low enough.



Intelligent Search for PAE/ACPR
Standard Load-Pull:

(Red = PAE, Blue = ACPR)
PAE Intelligent Algorithm

18 measurements

Maximum PAE= 33.90%

at 0.693<170.71ę

Maximum PAE= 33.72%

at 0.689<172.08ę



Intelligent Search for PAE/ACPR
Standard Load-Pull:

(Red = PAE, Blue = ACPR)
ACPR Intelligent Algorithm

25 measurements

Minimum ACPR = -52.00 dBm

at 0.935<173.43ę

Minimum ACPR = -52.01 dBm

at 0.939<-174.32ę



Multiple Starting Points
18 PAE/25 ACPR meas.

20 PAE/27 ACPR meas.

17 PAE/31 ACPR meas.21 PAE/33 ACPR meas.

27 PAE/33 ACPR meas.

15 PAE/28 ACPR meas.



Chirp Waveform Optimization

ÅObjective:  Create a piecewise linear chirp 

optimized for spectral confinement.  

ÅTwo Optimization Goals:

ïMaximize in-band energy.

ïIn-band flatness should be as flat as possible.

ïSpectral mask requirements must be met.  

*M. Moldovan, C. Baylis, M. Wicks, J. Martin, R.J. Marks II, ñChirp Optimization

Using Piecewise Linear Approach,ò International Waveform Diversity and Design

Conference, Kauai, Hawaii, January 2012.  


