
PRECISION 

MEASUREMENTS  

AND MODELS YOU TRUST 

® 

PRECISION 

MEASUREMENTS  

AND MODELS YOU TRUST 

® 

Welcome 

 

Dr. Larry Dunleavy,  

President & CEO Modelithics Inc. 

 

Copyright © 2012 Modelithics, Inc.  



PRECISION 

MEASUREMENTS  

AND MODELS YOU TRUST 

® 

 

Power Amplifier Design with X-Parameter* 
 Power Transistor Models 

 

 

Larry Dunleavy  

Modelithics, Inc.  

Tampa, FL  
 

 

*X-parameters is a trademark of Agilent Technologies. The X-parameter format and underlying equations are open and 

documented. For more information, visit www.agilent.com/find/eesof-x-parameters-info. 

Copyright © 2012 Modelithics, Inc.  
2 

http://mwjournalemails.com/portal/wts/cgmcoAaQ8gDbbbmxujqB3cby6tgCa
http://mwjournalemails.com/portal/wts/cgmcoAaQ8gDbbbmxujqB3cby6tgCa
http://mwjournalemails.com/portal/wts/cgmcoAaQ8gDbbbmxujqB3cby6tgCa
http://mwjournalemails.com/portal/wts/cgmcoAaQ8gDbbbmxujqB3cby6tgCa
http://mwjournalemails.com/portal/wts/cgmcoAaQ8gDbbbmxujqB3cby6tgCa
http://mwjournalemails.com/portal/wts/cgmcoAaQ8gDbbbmxujqB3cby6tgCa
http://www.agilent.com/find/eesof-x-parameters-info
http://www.agilent.com/find/eesof-x-parameters-info
http://www.agilent.com/find/eesof-x-parameters-info
http://www.agilent.com/find/eesof-x-parameters-info
http://www.agilent.com/find/eesof-x-parameters-info
http://www.agilent.com/find/eesof-x-parameters-info
http://www.agilent.com/find/eesof-x-parameters-info


PRECISION 

MEASUREMENTS  

AND MODELS YOU TRUST 

® 

ÅDr. Jiang Liu, Scott Muir Modelithics 

ÅNeil Craig, Nitronex  

ÅSaurabh Gupta, University of South Florida PhD 

student.  

ÅAndy Howard, Jack Sifri, How-Siang Yap of Agilent 

Technologies  

 

Acknowledgement 

Copyright © 2012 Modelithics, Inc.  

3 



PRECISION 

MEASUREMENTS  

AND MODELS YOU TRUST 

® 

4 

Outline 

ÅSimulation-Based PA Design Flow  

ÅPA Design with NL ñCompactò Models 

ÅPA Design with NL X-Parameter Models 

ÅExamples 

ÅSummary  

ÅGenesys X-parameter Demonstration  
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Example PA Design Flow with NL Models 

Å Perform simulated load-pull at frequencies of interest and select 
input and output matching conditions for desired Eff. / Power.  

Å Simulate S-parameters vs. frequency with selected port 
impedances ï address stability issues / iterate. 

Å Setup idealized matching networks that achieve desired 
input/output match conditions. 

Å Realize MN with microstrip elements and scalable parasitic 
models for all RLC components used for matching and bias. 

Å Perform NL Optimization ï if practical. 

Å Layout, Fabricate boards, Assemble & Test 

Å Close the Loop ï compare simulation and measurement and 
investigate/resolve/understand discrepancies  
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Parameter Design Goal  

Power added efficiency ü 60%  

Output power ü  >10W 

Frequency of operation ü 1.5GHz  (narrow band) 

Power gain  ü 8dB min.  

Output return loss ü 5dB 

Input VSWR  ü 1.5:1 

DC bias range for (For AB 

operation) 

 

Vds=20V to 28V, Ids<=160mA  for (minimum)  

Example 10 W GaN PA Design Example  

(S. Gupta - USF PA Design Course  Project)  

Nitronexô NPT1012 GaN HEMT transistor is selected was the core 

device, due to its high performance as well as model availability.  

Free Model Download at:   http://www.modelithics.com/mvp/Nitronex/  

Copyright © 2012 Modelithics, Inc.  

6 

http://www.modelithics.com/mvp/Nitronex/
http://www.modelithics.com/mvp/Nitronex/
http://www.modelithics.com/mvp/Nitronex/


PRECISION 

MEASUREMENTS  

AND MODELS YOU TRUST 

® 

Transistor: Nitronix NPT1012 

=  ñCompactò NL  Equiv.  

     Circuit Model 

= Physically motivated 

    (can be ~ scaled)   
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Source-Pull simulation for optimal source 

impedance 

Source pull 

freq (100.0MHz to 4.000GHz)

S
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m
..
S

(1
,1

)

Readout

m4

m4
freq=
SParam..S(1,1)=0.878 / -179.699
impedance = Z0 * (0.065 - j0.003)

1.500GHz

indep(PAE_contours_p) (0.000 to 35.000)
P

A
E

_
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n
to

u
rs

_
p

indep(Pdel_contours_p) (0.000 to 31.000)
P

d
e

l_
c
o

n
to

u
rs

_
p

3
0.830 / 166.141

m2

m2
indep(m2)=
Pdel_contours_p=0.949 / 178.346
level=45.803546, number=1
impedance = 1.302 + j0.721

3

Sourcepull simulation shows that the conjugate 

S11 of the device is a good starting point for input 

matching network design.   

(Pin = 28dBm, f=1.5GHz)  
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Load-Pull Analysis at 28dBm, 1.5GHz  

Pout PAE 

Goal 10W 

(40dBm) 

60% 

Design 43dBm 73% 

Max Power 

Max PAE 
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Load-Pull Analysis at 28dBm, 1.5GHz  

Pout PAE 

Goal 10W 

(40dBm) 

60% 

Design 43dBm 73% 

Selected Load 

Č Good PAE/Pout 

 

 ZL =  7 + j 7.442 

Max Power 

Max PAE 
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Input/Output Matching Network Design 
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Initial input/output matching network using MDLX CLR models and 

transmission lines.  Both networks show good return loss performance at 

1.5 GHz center frequency.  

Input  Output  
Z*s Goal  

Z*L Goal  
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Swept Frequency Simulation Shows Stability 

Issue with Matching Networks  

Before 

Stabilization 

After 

Stabilization 

Final Design 
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Final Design 

Stabilizing 

networks  

Input matching 

network 

Output matching 

network 

In the final design, the input and output matching networks were optimized 

(Modelithics CLR Library models used for SMT Rôs, Lôs and Côs); note that three 

stabilizing networks were added. 
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Layout , Fabrication and Measurement 1.5 GHz PA 

Transistor (HMT -NIT-

NPT1012-001-S )

Input matching network Output matching network

Drain Terminal

Gate Terminal

Series stabilizing 

network

Shunt stabilizing 

network

DC Block DC Block
RF choke

RF choke

I/P O/P

Stabilizing 

Resistor

The PA met all the design goals without any tuning, with about a 50MHz (~3%) 

shift in the center frequency.  

Red =simulated 

Blue = measured  
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Closing the Loop  

 @1.5GHz  Required 

Specification 

Simulation 

@ 1.5 GHz 

Measured 

@1.5GHz  

Specification 

Achieved 

Input RL (dB)  >10 >10 >10dB Achieved*   

Output RL 

(dB) 

>5 >10 >10 Achieved 

Stability  Unconditionally 

stable 

Unconditionally 

stable 

Unconditionally 

stable 

Achieved 

Gain (dB) 8db (min)  ~15dB ~14 dB Achieved 

Output Power 

(W) 

10 11 10 Achieved 

PAE (%) >60 63 >60 Achieved* 

* With frequency shift (~ - 50MHz) 
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üTeam design review important prior to finalization of board 
design /simulation  

üLayout effects - pay careful attention discontinuity and pad 
effect treatment  

üPassive model accuracy and use  

üTransistor mounting parasitics (pads, lead lengths, etc.)  
may differ from fixture used for modeling 

üComponent and fabrication tolerances can play strong role ï 
true for the transistors as well as the passive components.  

üElectromagnetic analysis (e.g. Momentum GXF) of final 
layout generally leads to better simulation to measured 
agreement.  

Suggestions for Success in ñClosing the Loopò   

Copyright © 2012 Modelithics, Inc.  
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Why PA Behavioral Models? 

ÅNo knowledge needed of internal circuitry   

ÅFaster simulation 

ÅCan be ported more easily to other EDA software  

ÅExample is S-parameters. 

ÅMore relevant for PA work are X-parameters and other 
similar and emerging NL model formats.  

ÅCare needs to be exercised in trying to extrapolate model 
performance outside of the data range used to build it.  

 

input output 
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X-parameters (In brief)  
ÅX-parameter model defined as 

 

 

 

)1,1(,
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ljT
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F

ijij aPAXaPAXPAXb

where A11 is the large signal driven into port 1 at the fundamental frequency. 

Index i is the output port, j is the output frequency index, k is the input port, 

and l is the input frequency index.  

 

The X-parameter format and 

underlying equations are open 

and documented.  

X-parameter model captures the 

magnitude and phase information of 

the fundamental and harmonics  
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X-parameters can:  

Å add flexibility (e.g. ease of porting models between ADS 

and Genesys) reproduce the nonlinear behavior in the 

simulator  

Å In some cases overcome limitations of compact models 

Å have large file size (trade-off in generality vs. size)   

Å be generated either from circuit level design or through 

fast measurement (e.g. using Agilentôs PNA-X NVNA 

application) 

Å cut the simulation time and reduce convergence issues, 

especially in loadpull-type of simulation and optimizations.  

 

Consideration of using X-parameter Models 

Copyright © 2012 Modelithics, Inc.  
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Measured X-parameters* vs. Compact model at 6GHz 

For details see reference paper presented at IEEE WAMICON 2012  

*Data taken  

With Agilent PNAX NVNA 
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Measured X-parameter Model Can Have Better Data 

Fit Vs. Compact Model (Load-pull Data is Symbols)    

Compact  

Model  Vs. 

Measured  

 IM3 Data* 

X-parameter  

Model Fit  

To Measured  

 IM3 Data*  

For details see reference paper presented at IEEE WAMICON 2012  

*Data taken  

With Maury ATS System 
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How to obtain X-parameter Models from Compact 

Models 

XP_source 

XP_Load 

X-parameter 

simulator 

Three key elements to generate an X-

parameter model 

 

(E.g. File size 12MB, 3 harmonics, 42 loads, 

1.5 GHz)  
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Loadpull X-parameter Generation 

Å To generate loadpull X-parameter models, the XP_load 

component needs to be set accordingly.  

Å This simulation can take a long time, depending on how 

many load points, power levels, and frequencies are to 

be swept.  

Å One needs to be careful about the sweep setup, since it 

can easily generate a huge amount of data in the file. 

 

Copyright © 2012 Modelithics, Inc.  



PRECISION 

MEASUREMENTS  

AND MODELS YOU TRUST 

® 

Simulation Generated X-parameter to Compact 

Model Comparison  - NPT1012  
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Example Modelithics X-parameter Model Data Sheet 

Copyright © 2012 Modelithics, Inc.  
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Example X-parameter Model Freescale MWE619100NR1 

(7 harmonics used.   

Copyright © 2012 Modelithics, Inc.  
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How to use X-parameter Model in Actual Design 

For comparison, we 

can simply replace the 

compact model with the 

X2P and resimulate 

Copyright © 2012 Modelithics, Inc.  
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Comparison of the large signal simulation results for 

matched PA design  using compact model (red) and X-

parameter model (blue). The results are 

indistinguishable.  

Verification of Model Replacement for Example PA 
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Equivalent Design Flow Can be Done in 

Genesys: example output matching network  
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Equivalent Design Flow in Genesys: example 

output matching network  
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Portability of X-parameter Model between Genesys 

and ADS (1): Power Sweep  
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Portability of X-parameter Model between Genesys 

and ADS (2): Loadpull 
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28dBm, 1.5GHz, with Zs at 2.45+j*3.1  
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X-parameters Enable  PA Design Flow in Genesys 

When the compact transistor models are not available, one can use the 

equivalent X-parameter models instead with confidence 

 

IDC=19.98e-9A

i1

N1

PH=0?
PAC=28dBm [RFpow er1]

F=1.5e+9Hz [F]

R=50O
PORT=1

VS1

N2
ZO=50O

Port_2

IDC=0.077A

i2

VDC=27.984V
v2

model_mode=1
Data4 {HMTXP_NIT_NPT1012}

VDC=-1.997V

v1
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Genesys Simulation Result 
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Nitronex GaN MMIC Transistor and Process Characteristics   

X-parameter-Based MMIC PA Design Example 
(shared with permission of Neil Craig , Nitronex)  
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1-2 GHz MMIC PA Design Goals & Approach 

 

Å Initial design with  a gate-width scalable Modelithics®  extracted 

Angelov compact model for the GaN process .  

Å An X-parameter model generated using ADS. 

Å Final design optimization was done using the X-parameter model 

that led to a much more efficient optimization of the broad-band 

matching network.  
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