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INTRODUCTION 
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ÅPower Amplifiers for Efficiency and Power Output 

ÅBJTs, GaAsFETs, VDMOS, LDMOS, GaN 

ÅControlled source and switched mode PA 

ÅModes of Operation for controlled source PAs : A, B, AB, C 
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PA FUNDAMENTALS 
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ASSUMPTIONS 
ÅLoad is purely resistive 
ÅAll harmonics shorted 
ÅConstant trans 

conductance ▌□ ) 
ÅKnee voltage is small 

compared with drain 
voltage 
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PA FUNDAMENTALS 
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PA FUNDAMENTALS 
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PA FUNDAMENTALS 
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Class C 
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PA FUNDAMENTALS 
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 is the current conduction angle (CCA) 
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PA FUNDAMENTALS 
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PA FUNDAMENTALS 
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Optimum load at fundamental frequency is 
given by 

opt 
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SEMICONDUCTOR PROPERTIES 
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SEMICONDUCTOR PROPERTIES 
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Design steps for PA 
realization 
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PA DEVICE SELECTION 
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PA DEVICE SELECTION 
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PA MODEL 
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SIMULATED LOAD PULL 
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SIMULATED LOAD PULL 
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SIMULATED LOAD PULL 
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PA MEASUREMENT 
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ÅOne tone measurement : AM-AM and 
AM-PM distortion 
ÅTwo tone measurement : IMD 

(typically 30dbc for constant envelope 
modulation) 
ÅACPR, EVM, CCDF are metrics for 

Digitally modulated signal 



Finetuning Academy (www.finetuningrf.com) 

Two Tone IMD Measurement 
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One Tone Measurement 
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ACPR WCDMA (PAR 6db) 
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ÅModern Communication systems demand high PAR 

ÅHigh Efficiency 

ÅMultiband ςMulti standard  operation 

ÅBetter linearity 

 

ÅDOHERTY POWER AMPLIFIER 

ÅENVELOPE ELIMINATION AND RESTORTION 

ÅBIAS ADAPTION 

Introduction 

27 
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DOHERTY PA 



Finetuning Academy (www.finetuningrf.com) 29 

ENVELOPE ELIMINATION AND RESTORTION 
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BIAS ADAPTION 
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ÅIdeal efficiency value 78.5% at maximum power output 

ÅEfficiency decreases as the input drive level is reduced 

Ǻ = Pi/4*p   ; p is the reduction in input voltage drive 

ÅIncrease the load resistance by same factor p its possible to return to 
ideal efficiency value of 78.5% 

Ideal Class B Amplifier 

31 
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ÅActive load pull concept, dynamically alters the load resistance for 
maximum efficiency  

ÅExtends high efficiency operation to lower power levels 

Åὤ=Ὑ*(ρ  ) 

Conventional Doherty PA 

32 
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ÅThree distinct operating regions are defined for DPA 

ÅLow Drive region:  Carrier amp conducting Peaking amp OFF 

ÅLoad Modulation Region: Carrier saturated Peaking turning ON 

ÅPeak Power Region: Carrier and Peaking amplifiers saturated 

Conventional Doherty PA 

33 
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Conventional Doherty PA 
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Theory of operation 
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Theory of operation 
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ÅὍ  Ὅ                    ----(1)     
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Theory of operation 
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impedance seen at the output of the Carrier amplifier is 

ÅὙ  = 
 

 =     (2) 

 

And the impedance seen at the output of the Peaking amplifier is  

ÅὙ  = 
 

 =    (3) 
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Theory of operation 
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ÅCase-1 (Symmetric Doherty) 

  ŎǳǊǊŜƴǘ ŀƴŘ ǇƻǿŜǊ ŘƛǾƛǎƛƻƴ Ǌŀǘƛƻǎ ƻŦ ʰҐʲҐлΦр 

   Ὑ= Ὑ=Ὑ=ὤ=  in Peak Power Region 

Å    for ὤ=35  and Ὑ=50  

ÅὙ= Ὑ=Ὑ=ὤ = 50  

ÅIn low power region 

    Ὑ= Ὑ=100        (6db back-off) 
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Theory of operation 
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ÅCase-2 (Asymmetric Doherty) 

  current and power division ratios of hҐʲҐлΦнр 

   Ὑ= ὤ=Ὑ=σὙ;    in Peak Power Region 

   for ὤ=15  and Ὑ=50  

ÅὙҐὤҐ18 ; Ὑ=Ὑ/3=6  

ÅIn low power region 

    Ὑ= =72   (12db back-off) 
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Limitations of Conventional DPA 
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ÅIn the low power region, the assumption of Peaking Amplifier being 
open is difficult to achieve  

ÅThe power splitter and combiner at the input and output of the DPA are 
inherently narrowband due to the presence of lambda by four 
transformers 

ÅThe Peaking and Carrier amplifiers are to be designed using wideband 
matching techniques 
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Modified DPA 
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ÅSimple modifications to improve operating BW of Conventional DPA 

Å30% operating BW centered around 1450MHz till 6db back-off 

ÅCree CGH40045 GaN transistor for Carrier (Class AB) and Peaking 
Amplifier (Class C) 

ÅSymmetric DPA structure 

ÅBetter than 30% efficiency over full BW and 6-db Back-off range 
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Modified DPA 
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ÅThe Carrier and Peaking amplifier were designed over a broad range of 
frequencies 1.2GHz-1.8GHz. ADS simulations were carried out to check 
and optimize the performance of Carrier and Peaking amplifier over this 
frequency range  

ÅReplacing the 50 ohms impedance inverter at the output of Carrier 
amplifier by a 70 Ohms impedance inverter, inserting another 70 ohms 
impedance inverter at the Peaking amplifier output and removing the 
35 ohms Impedance transformer at the load. The load is now directly 
connected at the junction of two 70 Ohms impedance inverters. 
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Modified DPA 
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Modified DPA 

44 

ÅThe relatively smaller impedance step (from 50 ohms to 100 ohms) at 
the output of Carrier amplifier improves the BW by a factor of 1.73. 

ÅThe power splitter at the input is a modification of Branch line hybrid 
where additional lambda by four sections are included to make it 
operate over octave band (1G-2G) without changing its size appreciably 

ÅOffset delay lines were included at the output of the Carrier and the 
Peaking amplifier 
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Modified DPA 
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Modified DPA 
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Modified DPA 
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DISCUSSION OF SIMULATION RESULTS 
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ÅModified DPA delivers good efficiency over a broad BW 

ÅDemonstrates Linearity improvement over Class AB amplifier 

ÅSuffers from BW limitation of output combiner 

ÅFurther improvement possible by designing a wideband output 
combiner to covet the entire 0.8G to 2.7G cellular band 
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Result Discussion 
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Result Discussion 
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Result Discussion 
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