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1998 – Beginning of DTV Transition 
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2003 – Increased SS Power & IOT 
Efficiency 
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2006 – Increased SS Efficiency due to Design 
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2013 – Improved Design and 
Transistors 
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High peaks 

Average power 

 Crest Factor =   
Peak value 

Ave value 

Efficiency Enhancement technologies 
Basics for amplifying ATSC signals 

Average power –  
78% efficiency 

Pin 

Headroom 

Pout 



Signal manipulation 
Crest factor reduction 

Without CFR With CFR Lower supply voltage 

 
Crest Factor Reduction, e.g. R&S method for all OFDM standards 

Wasted energy 

l Reduce Crest Factor without reducing signal quality 



Power Supply Manipulation 
Switched mode power amplification SMPA 

Exciter 

l Transistors work in switched mode: 100 % ON or 100 % OFF 
l Amplitude modulated signal is transferred to pulse width modulation 

l Requires specific development in exciter and amplifier 
l Requires specific transistors 



Power supply manipulation 
Envelope tracking 

w/o ET with ET 

Static Supply voltage Dynamic Supply voltage 

Wasted energy Envelope 

l Modulate supply voltage of transistors with signal envelope 



Amplifier manipulation 
Doherty amplifier 
l Amplification for main and peak signals is separated 

l Main amplifier amplifies average signals (class A/B) 
l Peak amplifier amplifies peak signals (class C) 
 lower headroom in main amplifier required 
 No energy required in peak amplifier as long no peaks are in the signal 
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Amplifier manipulation 
Doherty amplifier 

l Main and peak signals are amplified separately 
l This has historically required in a narrow band design 
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Amplifier manipulation 
Doherty amplifier 

l Proven technology 
l Low complexity 
l Transistors available 
l High return, +10-15% 

l Narrow band design required for 
highest efficiency return   

Pro's 

Con's 



Doherty Amplifier 
Why is it narrowband? 

l It all boils down to the fundamental limits of the match 
bandwidth as defined by the Bode Fano Limit  



l For brilliant efficiency you need brilliant matching 
l Broadband design means worse matching, and less 

efficiency 

l A narrow band design gives you brilliant matching 
therefore brilliant efficiency 

Doherty Amplifier 
Why is it narrowband? 



Pin 

Pout 

l The best efficiency is achieved when the transistor is in 
saturation, or at its peak power. 

Doherty Amplifier 
Why is it narrowband? 



Pin 

Pout 

l This requires as close to a constant load impedance as 
possible (matching network) 

Doherty Amplifier 
How do we achieve high efficiency? 

l But.... the input power continuously changes 
l So.... the best efficiency can't be achieved over a wide 

modulation range with a constant load impedance 



Doherty Amplifier 
How can we maintain high efficiency? 

l The solution to this is to dynamically adjust the 
impedance of the load of the low power amplifier 

l This is called load impedance modulation or "load pull" 

l Since the compression point is in inverse proportion to 
the impedance 



Peak amplifier – works only for signal peaks Main amplifier -  lower headroom required 

l Low power signal - power below -6db 

Amp 
ON 

Doherty Amplifier 
How does load pull work 

l The peak transistor is off 
l Main transmitter has a load of 2 x RL and reaches saturation 



Peak amplifier – works only for signal peaks Main amplifier -  lower headroom required 

l Signal reaches -6db of peak - peak amplifier turns on 

Amp 
ON 

Doherty Amplifier 
How does load pull work 

l Its current reduces the load impedance of the main amp 
l The power of the main and peak amplifiers are combined 



Peak amplifier – works only for signal peaks Main amplifier -  lower headroom required 

l Signal reaches 0db, or max power 

Amp 
ON 

Doherty Amplifier 
How does load pull work 

l Main and peak amplifiers each deliver half of full power 
l Both amplifiers operate at optimum efficiency at 50 ohm  



Class A/B Class C 

+ 

Amp 
ON 

Doherty Amplifier 
Doherty combiner 

= 



Doherty Amplifier 
Combined signals 



Additional Sources of Efficiency 
 

l Variable speed fans   



Efficient Cooling System 
Custom pump and heat exchanger 

l Custom designed pump system 
l Variable speed pumps 
l High efficiency heat exchanger 
l Variable speed fans   



• Power supplies and Power Amplifiers Liquid Cooled 
• Liquid cooling provides for maximum removal of heat 

from room 
• Reducing AC Requirement 

Efficient Cooling System 

29 Sept. 30th, 2015 



Efficient Combiner Designs 
 



Efficient Combiner 
Design 
 

l No cables 

l No hoses 



2013 - Introduction of Doherty 
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2016 – Current Modern Design 
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1998 – 2016 Evolution over 20 years 
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Case Study- 40kW SS vs MSDC IOT 

WWSI 40kW Replacement 

• Article compared SS 
Doherty VS High Efficiency IOT 
 

• SS approaches plant efficiency of 
MSDC IOT, less than 2% difference 
  

• Installation easy compared to IOT 



Case Study - Replace 15yr old 30kW SS 
KERA (Dallas PBS) 50kW TPO Required 

           Legacy SS 
 

Transmitter length ……….  20ft  
Output power ……………  30kW  
Efficiency …………………  18%  
Estimated operating …  $131,400/yr 
cost @ $.09 Kw/hr 

             THU9-48 
 

         8 ft 
   50kW  
    40%  
            $98,550/yr 
      

            Difference 
 

               52 sq ft 
           20kW More!  
                    More than 2x Eff 
            $32,850/yr 



Case Study - 30kW Transmitter replacement 

• 53% reduction in power consumption 
• Power Company paid a $40,000 "rebate" to WFXS 
• Savings of $4,446 @ .065/kWH  



Case Study – 7kW VHF in PR 
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Thank You! 
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