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Abstract  —  Recent work on hybrid harmonic injection 

source and load-pull system and tuning algorithm are 

presented. Measurement of RF power transistor shows a 
10% increase in output power at fundamental when input is 
matched at second harmonic frequency.  

Index Terms  —  Characterization, hybrid, harmonic 
injection, load tuner, power transistor, source tuner. 

I. INTRODUCTION 

Passive impedance tuner has been a fast, accurate and 

low-cost approach to characterize and test RF power 

transistor at single or multiple harmonic frequencies for 

the past decade. The impedances generated by the passive 

source and/or load tuners can be reliably used in designing 

matching networks for RF power transistors to attain the 

highest power added efficiency and/or output power [1], 

[2]. Current and next generation wireless standards have 

pushed for higher modulation schemes with a large peak 

to average ratios thus demanding higher efficiency and 

larger output power for RF power transistors. Without 

further increasing the device size (increasing device size 

means adding more fingers which further reduces device 

output impedance making it harder to match [3]), these 

demands push RF power transistor such as those of GaAs, 

GaN or SiC types into strong nonlinear operation at both 

input and output thus creating high and undesired 

harmonics at 2f0 and 3f0 [4].   

Recently, a hybrid harmonic injection load pull system 

and the related impedance synthesis algorithm are 

proposed and demonstrated at fundamental frequency and 

show 1.6dB increase in output power. At harmonic 

frequency of 2f0 where device is now better matched with 

active harmonic injection at its output, it shows 3% 

improvement in efficiency compared to conventional 

passive impedance synthesis method [5]. It has been 

observed recently that RF power transistor when operating 

under nonlinear region generates harmonic 2f0 at the 

input. This short industrial contribution presents recent 

work in hybrid harmonic injection at both input (source) 

and output (load) sides and demonstrates an additional 

10% increase of output power at fundamental frequency 

when an RF power transistor is matched at 2f0 harmonic 

at the input.  

II. HYBRID HARMONIC INJECTION SOURCE AND LOAD 

TUNERS 

A. System Setup 

Figure 1 illustrates a setup of hybrid harmonic injection 

source and load pull system that allows RF power 

transistor characterization at second harmonic (2f0) at the 

input and second (2f0) and third (3f0) harmonics at the 

output simultaneously in addition to the fundamental 

signal (f0). Both input and output tuners are Focus’s 

multi-purpose tuners (MPT) that are capable of harmonic 

tuning with frequency up to 36GHz. A vector receiver 

measures forward waves (a1 and a2) and backward waves 

(b1 and b2) from the two directional couplers to the left 

and right of the device under test (DUT). These waves are 

subsequently used to compute the gammas presented to 

the DUT at all frequencies f0, 2f0 and 3f0. High power 

ferrite circulator is used at output to simultaneously allow 

injecting active signal from output active injection sources 

to the DUT (thus enhancing the a2 wave) and terminating 

the signal from the DUT (b2 wave) into a matched load.  

 

 
Fig. 1. System setup to characterize RF power transistors 
(DUT: Device Under Test) with hybrid harmonic injection 
source pull and load pull. 

B. System Operation and Advantages 

The system illustrated in Fig. 1 operates as follows to 

find the optimum input and output impedances at 

frequencies f0, 2f0, and 3f0. First, the fundamental (f0) 

source is turned on to excite the DUT without any active 



injection at both input and output. As the DUT is driven 

into its strongly nonlinear region, it produces multiple 

harmonic tones in addition to the fundamental tone at f0. 

The output tuner is then tuned to match the DUT at f0, 2f0 

and 3f0 while the input tuner is tuned to match at f0. 

Second, the active injection at output for all frequency 

harmonics is turned on sequentially and independently 

tuned to find optimum impedances for maximum output 

power, or gain or power-added efficiency. Third, the 

active injection of 2f0 at input is turned on to locate the 

optimum impedance at 2f0 to match the DUT and thus 

absorbing the 2f0 harmonic signal. In a conventional 

system, the second harmonic at the DUT’s input is 

unmatched causing a large reflection to the DUT and thus 

resulting in inaccurate characterization of the DUT.  

Comparing to passive-only tuning (only tuners, no active 

injection), the hybrid injection approach overcomes the 

inherent losses of the system thus can achieve the 

theoretical limit of Gamma = 1 (open or short). On the 

other hand, the hybrid injection approach permits the use 

of active injection sources with a much lower required 

power compared to active-only tuning (only active 

injection, no tuners).  

C. Impedance Synthesis Algorithm  

Focus’s hybrid impedance synthesis (tuning) algorithm 

combines passive and active tuning in order to achieve 

fast and accurate convergence of target input/output 

gammas (vector reflection coefficients). The algorithm 

involves synthesizing an intermediate gamma at f0, 2f0 or 

3f0 with the passive tuner and then injects power into the 

input/output at a specific phase such that the target 

gammas are reached with the least active injection power. 

The hybrid algorithm often adjusts the contribution of 

passive tuning and active injection tuning to reach the 

target gamma at each frequency.  

III. EXPERIMENTAL DEMONSTRATION  

Focus input tuner MPT-1808, output tuner MPT-3620 

and an Agilent PNA-X 5242A are used to characterize an 

unmatched high power GaN transistor from CREE at a 

2.14GHz wireless frequency band. Figure 2 shows 

measured output power at f0 = 2.14 GHz contour as a 

function of input tuner impedance with harmonic injection 

at 2f0 (2f0 = 4.28 GHz). The measured output power is 

maximum when the input harmonic injection tuner is near 

the open circuit. At this impedance, the transistor delivers 

0.4dB (or 10% in linear) more output power compared to 

conventional system where 2f0 harmonic is terminated in 

50. Additional results and demonstration will be given at 

the conference.  

 

 
Fig. 2. Output power at fundamental frequency (f0) for 
different input gamma at harmonic frequency 2f0. 
 

IV. CONCLUSION 

A hybrid harmonic injection source and load-pull 

system and tuning algorithm have been presented and 

demonstrated with a RF power transistor which shows a 

10% increase in output power at fundamental when input 

is matched at second harmonic frequency. Experiment 

with third harmonic tuning is under investigation.  
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