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Abstract - This work describes the design of a two-way Doherty 

type Power Amplifier, using LDMOS transistors, for base station 

wireless transceivers in the frequency range of 2.5 – 2.7 GHz. 

Two of the main requirements of this amplifier are high 

efficiency and good linearity, which are always in conflict. The 

Doherty configuration, composed of a main amplifier and a 

peaking amplifier offers a reasonable tradeoff between the two 

requirements. A prototype amplifier based on simulations has 

been built and tested, including the transistors characterization. 

Efficiency of 33% over the full band of frequencies, with good 

linearity till output power of 42 dBm has been demonstarated. 

Index Terms - Power Amplifiers, Wireless Base Stations,  
Efficiency of High Power Microwave Amplifiers. 

. 

I. INTRODUCTION 

  High efficiency and good linearity are among the important 

characteristics of base station power amplifiers used in 

majority of the modern wireless applications such as WiMAX, 

LTE and HSPA. 

  Spectrum is expensive and newer technologies demand 

transmission of maximum amount of data using the minimum 

amount of spectrum. This requires sophisticated modulation 

techniques, leading to wide dynamic signals that require linear 

amplification. Although linear amplification is achievable, it 

always comes as a tradeoff with efficiency. The modern 

wireless communication standards employ non-constant 

envelope modulation signal (QAM) as well as multi carrier 

signals such as (OFDM) for obtaining high data rates at high 

spectral efficiency. 

  The RF power amplifiers implemented in such systems are 

‘backed off’ from its saturation into their linear operating 

region in order to obtain a satisfactory linearity over the 

transmitter’s dynamic range. This drastically reduces the 

efficiency of the power amplifier and also decreases the 

battery life of the handset. Modern solutions offer 

linearization techniques like DPD (Digital Pre-Distortion) for 

linearization of nonlinear high efficiency amplifiers.  

  This work describes the challenges of simulating and designs 

a symmetrical two-way Doherty type Power amplifier (DPA) 

on different substrates, using NXP LDMOS transistors, for 

WiMAX base station wireless transceivers in the frequency 

band of 2.5 – 2.7 GHz.  The main requirements of this 

amplifier are high efficiency and good linearity, which are 

always in conflict.  

II. DOHERTY AMPLIFIER  

  The Doherty configuration is composed of a Main amplifier 

and a Peaking (Peak) amplifier and is based on a load 

modulation concept. The Main amplifier (Class AB) is always 

in “ON” state and sees the modulating impedance from Peak 

amplifier (Class C) and output Doherty combiner. The Peak 

amplifier is in “OFF” state at low power and turns to “ON” 

state at high power. The peaking amplifier state does at least 

two things to a Doherty type amplifier performance: 

• Peak amplifier draws no current at a low power state 

while simultaneously looking like an open circuit in 

the Doherty inverter. 

• During the “ON” state the peaking amplifier input 

supplies high RF energy, enough to amplify the peak 

energy that the Main amplifier clips. 

  The Peak amplifier is constantly turning on and off with RF 

energy, subsequently changing the Main amplifier load line 

into the high efficiency state when the power output demand 

is low. Due to this, the impedance of the Main amplifier varies 

from Zo (at high power rates) to 2Zo (at low power rates) as 

described in Fig. 1. The result is a high efficiency combining 

process. 

 

 
 

Fig. 1   Block diagram of Doherty type Amplifier 
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III. DESIGN STAGES 

  The amplifier has been designed and simulated in 

accordance with the following stages. We use AWR 

Microwave office as a CAD tool and a reference assembly 

scheme from the NXP BLF6G27-45 transistor data sheet.  

 

• The first step is to construct the main amplifier 

assembly scheme into the AWR CAD, according to 

the NXP recommendations as appear in the 

datasheet (for substrate with dielectric constant 3.5 

and thickness 0.76 mm). Also we have to adjust the 

specific transistor working point, following the 

datasheet recommendation. 

 

• After the CAD circuit is finished we must compare 

the Main amplifier parameters (Gain, Efficiency, IP 

at 3dB, S11 and S22) with the datasheet. It is 

obvious that we do not expect exact values so we  

need to tune the amplifier until the result will match  

the datasheet.  

   

• Next stage is the duplication of the Main amplifier 

scheme and set the working point to satisfy class C 

amplifier. This will be the Peak amplifier (Fig.1). 

The Main amplifier will be set to class AB. this 

tuning provides almost maximum peak power out of 

the device with the best available efficiency. To 

completely satisfy the ratio between efficiency and 

linearity we shall need to fine tune the Peak 

amplifier working point. 

• Now we combine Main and Peak amplifiers and 

determine the quarter wavelength phase length (with 

35Ω  impedance) required to obtain the proper 

DPA action, and add this length to the Main 

amplifier output. This line allows transforming 

50Ω  on the output to 25Ω  to the input of both 

amplifiers, and because the amplifiers are parallel,  

each of the amplifiers “sees” 50Ω  resistance on his 

output.  

 

• After the connection of the two amplifiers is done 

we chose an ideal splitter in the simulation AWR 

CAD tool. The splitter must split the signal from the 

input to the Main and Peak amplifiers. 

 

  The tuning process is the most important and 

complicated stage. The following steps explain the DPA 

transferring process into narrower substrate (dielectric 

constant 3.48 and thickness of 0.5 mm). 

 

• On the new substrate, we measure all Microstrip 

elements resistance and convert them one by one into 

the same resistance of the former substrate. This 

could be done by one of the Impedance calculators 

such as the CITS25 by Polar. 

• After the circuit is mounted on the new substrate we 

must validate again the DPA parameters such as: 

Gain, Efficiency, IP at 3dB, S11, and S22 on the new 

substrate. Usually we do not receive optimal 

performance and a tuning process should be applied 

in few cycles.  

 

  After we have done with the tuning and obtain suitable 

parameters, we could assembly those schemes on one of the 

low loss microwave substrates. In this case we have used 

ROGERS RO4350 material. During the assembly one has to 

consider the fact that the temperature of the transistor is rising 

up so the PCB must be mounted above a heat sink. 

 

 
 

Fig.  2   A picture of the amplifier mounted on a heat sink 

IV. MEASUREMENTS 

  During the design process we have compared three possible 

LDMOS transistors: (1) NXP BLF6G27-45 (2) Freescale 

MRF6S27050HR3 (3) Infineon PTFA260851E and eventually 

have chosen the first one. All the network and the bias 

parameters were simulated and showed that efficiency of 30% 

- 35% is feasible without sacrifice of the linearity. 

  A prototype amplifier based on the simulation has been built 

and fully tested, including the transistors characterization. The 

prototype mounted on a heat sink is shown in Fig. 2. 

Measured graphs of input-output powers and efficiencies at 

frequencies 2.5 GHz, 2.6 GHz and 2.7 GHz are shown in Fig. 

3 and Fig. 4 
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Fig. 3 (a) Input-Output power diagram measured at 2.5 GHz  

 

 

 
 

Fig. 3 (b) Input-Output power diagram measured at 2.6 GHz 

 

 

 
 

Fig. 3 (c) Input-Output power diagram measured at 2.7 GHz 

 

 

 

 

 
 

Fig. 4 (a) Efficiency measured at 2.5 GHz  

 

 

 
 

Fig. 4 (b) Efficiency measured at 2.6 GHz  

 

 

 
 

Fig. 4 (c) Efficiency measured at 2.7 GHz 
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  Table 1 summarizes the simulated and measured results, 

showing good agreement between the two. The efficiency had 

been checked basically at 9 dB back-off, but as can be seen it 

is better at 8 dB back-off. Thus, final results prove efficiency 

of 33% over the full band of frequencies with good linearity 

till output power of 50 dBm – 8 dBm = 42 dBm. 

V. CONCLUSIONS 

Doherty type amplifier design case shows both high 

efficiency and good linearity which are very important in any 

wireless high power transmitter. 
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TABLE I  

SIMULATED AND MEASURED RESULTS 

 
Property Simulation Measurement 

Gain 16 to 17 dB 14.5 to 15.5 dB 

3 dB compression 50 to 51 dBm 49 to 50 dBm 

2
nd

 harmony -28 to -31 dBc -24 to -26 dBc 

Inter-modulation  -26 dBc to -36 dBc -25 dBc to -32 dBc 

Input Return Loss -7 dB to -9 dB -10 dB to -15 dB 

Output Return Loss -10 dB -9 dB 

Efficiency@backoff 9 dB 

                               2.5 GHz 

                               2.6 GHz 

                               2.7 GHz 

 

31% 

34% 

29% 

 

29% 

30% 

30% 

Efficiency@backoff 8 dB 

                               2.5 GHz 

                               2.6 GHz 

                               2.7 GHz 

  

34% 

33% 

33% 

  


