
Agilent Nonlinear Vector Network Analyzer (NVNA)

Breakthrough technology for nonlinear 

vector network analysis from 10 MHz to 67 GHz
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I know my amplifi er gain is changing 
with output match, but “Hot S22” 
measurements don’t give me the 
correct answer.

When I cascade individual stages of my 
power amplifi er, the composite output 
does not perform to my expectations.  
What’s going on?  I need new tools 
that can expand my insight into the 
nonlinear behavior of my devices. 
 
Much of my time is spent designing 
matching circuits by trial and error.  
What I really want is the amplitude 
and phase of the full frequency spectra 
of my devices.

These are some of the challenges you contend 

with every day. Agilent Technologies can help you 

meet these challenges with the award-winning* 

NVNA…

Designed specifi cally for:

 ► Semiconductor foundries and IC designers

 ► Base station power amplifi er designers

 ► Active device military component designers 

 ► Research centers and universities

*Electronic Products 2008 Product of the Year Award winner, 
  2008 EDN Innovation Award fi nalist, and selected for the 
  Microwaves and RF Top Products of 2008
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NVNA provides the critical leap in technology to 

go beyond linear S-parameters, allowing you to 

effi ciently and accurately analyze and design active 

devices under real world operating conditions.

Agilent’s NVNA provides fast and powerful mea-

surement capabilities. Three nonlinear options are 

available to help solve your toughest problems:

 ► Nonlinear component characterization

 ► Nonlinear X-parameters1

 ► Nonlinear pulse envelope domain 

Innovative technology to go beyond linear S-parameters

Compatible with 

Maury Microwave

load-pull tuners

Easily move 

between domains

Create custom displays

Nonlinear component characterization

Nonlinear component characterization provides 

strong insight into the nonlinear behavior of your 

device under test (DUT). Now you can quickly and 

easily measure and display the calibrated, vector 

corrected waveforms of the incident, refl ected 

and transmitted waves of the DUT. With this 

capability, you can know explicitly the amplitude 

and phase of each distortion product of interest. 

All measured spectra is traceable to the National 

Institute of Science and Technology (NIST).   

Displayed data can be represented in frequency, 

time or power domains to fully analyze and devel-

op a deeper understanding of device behaviors.  

Each domain provides its unique insight into what 

is contributing to the current state of the device 

operation so that designs can be optimized.  

Absolute amplitude and relative cross frequency 

phase of all the measured spectra enables you 

to tell which spectral components are creating 

problems so you can design matching circuits to 

cancel these signals.

NVNA component characterization additionally 

enables you to: 

   Create user-defi ned parametric displays 
   such as dynamic I/V curves

   Extract full input and output wave data 
   for building user-defi ned models 

   Quickly and easily set up and make
   measurements using the front panel
   Graphical User Interface (GUI) and
   remote programming interface

 
►

 

 
►

 

 
►

 

1.  X-parameters is a trademark of Agilent Technologies
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Introducing X-parameters: The “new S-parameters” for nonlinear 

components

X-parameters are the mathematically correct 

extension of S-parameters to large-signal conditions. 

This provides a device independent, black-box 

framework whose coeffi cients are identifi able 

from a simple set of physical measurements on 

the device under test.  

X-parameters are a fully nonlinear framework that 

provides both the magnitude and phase of the 

fundamental and harmonics. They can be cascaded 

in simulation and produce the correct behavior 

in mismatched environments. Researchers and 

designers can now measure match, gain, group 

delay and more for driven components.

X-parameters in conjunction with ADS design and 

simulation tools minimize design iterations, 

speed simulation and deterministically model the 

nonlinear behavior of your active components. 

This can signifi cantly reduce the time to market 

for component, module, and system design.  

Additionally, because Agilent’s X-parameters 

are a measurement-based, black-box represen-

tation of the DUT, they can be used to distribute 

more complete device operating characteristics 

than traditional datasheets, and at the same time 

protect the device IP.

X-Parameter Process Flow

 NVNA Nonlinear Measurements

MDIF File

Measure and view X-parameters

     ADS Simulation and Design

                             X-parameter blocks

   X-parameters enable accurate nonlinear simulation under 

   arbitrary matching conditions.

   This allows prediction of component behavior in complicated 

   nonlinier circuits.
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Capture complete nonlinear behavior at all load impedances
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Measured and simulated voltage and current waveforms
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Measured and simulated voltage and current waveforms
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Measure nonlinear behavior with Agilent's NVNA and view simulated waveforms in Agilent's ADS 
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X-parameters give contours and waveforms at any loading 

condition including cascaded systems

X-parameters provide a powerful, yet simple and 

automated process for capturing nonlinear compo-

nent behavior over arbitrary complex impedances, 

input powers, input frequencies, DC biases, and 

more. By loading Maury load-pull software on the 

NVNA and adding an external Maury tuner, the full 

complex Gamma dependence of the device under 

large-signal operating conditions can be captured. 

X-parameters fundamentally unify, for the fi rst time, 

scattering parameters, scalar and vector load-pull 

data, and device generated harmonics. Full load-

dependence also enables immediate X-parameter 

applications to transistor characterization, model-

ing, and circuit design.

PNA-X network analyzer with Maury load-pull tuners

►

►  Reduce design cycles by 50 percent 
  using real nonlinear data

► Extend X-parameter cascadability 
    to arbitrarily large load mismatch

► Model devices and design multi-stage, 
 Doherty, or other complex amplifi er 
circuits with the drag and drop 
simplicity of Agilent’s Advanced
Design System (ADS)

Measure and predict dynamic load-
lines at input and output ports under 
arbitrary loading conditions, even 

under very large compression 

X-parameters with arbitrary load 

impedances
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Two-tone X-parameter Measurements

X-parameter measurements have been ex-

panded to include two-tone large signal stimuli 

to a device. When a two-tone signal is applied 

to a nonlinear device, it produces a number of 

mixing products which occur around the fun-

damental frequency as well as the harmonics. 

The NVNA has the ability to measure all these 

mixing products providing a much richer char-

acterization of the device’s nonlinear behavior. 

Once the two-tone stimulus X-parameters have 

been captured, the component’s behavior can 

be imported into ADS, and cascaded with other 

components, providing powerful design and 

analysis capabilities to be modeled and analyzed 

under two-tone stimulus conditions. A two-tone 

stimulus can also provide additional insight about 

bandwidth dependencies and inferences about a 

device’s possible memory effects.

Extract X-parameters with two-tone stimuli 

DUT
f1 f1 3f12f1

DUT

A single tone stimulus signal produces harmonics

A two-tone stimulus signal produces inter-modulation products 

around each of the harmonic frequencies

Accurately measure amplitude and relative phase of two-tone 

mixing products to deterministically design matching circuits
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Multi-tone Waveform Measurement and Analysis

An arbitrary number of large signal stimuli can 

be applied to a device for waveform measure-

ment and analysis. Any multi-tone stimuli 

ranging from a simple two-tone stimulus to 

an arbitrary number of large signal tones can 

be applied to the DUT to simulate conditions 

analogous to a variety of modulation stimuli. 

This allows analyzing a device’s behavior under 

conditions very similar to modulated signals.  

Simulate complex modulation signals

Since many system designs operate with complex 

modulation signals, it is desirable to evaluate 

components and system designs with complex 

signals that are similar to these modulation 

signals. An external arbitrary waveform generator 

and microwave source can be utilized to generate 

a desired complex multi-tone signal to stimulate 

the device.

Evaluate device behavior with multiple 

large signal stimuli

DUT
f1 f2 2f1f2 3f1f1

2
f

1 -f2
3
f

1 -2
f

2

2
f

2 -f1

3
f

1 -2
f

2

2f2

f1 +
f2

3f2

2
f

1 +
f2

2
f

2 +
f1

DUT
fnf1

A two-tone signal produces multiple mixing products

A multi-tone signal into an amplifi er produces many complex 

mixing products

When a multi-tone signal is applied to a non-

linear device, a variety of mixing products from 

all the tones appear at the output of the de-

vice. The NVNA has the ability to measure the 

amplitude and phase of each of these mixing 

products, and characterize the behavior of the 

device to this complex multi-tone signal. This 

type of information can provide insight into the 

behavior of the device or system under com-

plex modulation conditions. 

NVNA display showing an input signal with 64 frequency tones 

spaced 80 kHz apart centered at 2 GHz, and the corresponding 

composite output waveform from the DUT
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Mixer and Converter Measurements

The NVNA has the ability to characterize three-

port devices such as mixers or downconverters. A 

drive tone RF signal is provided to the RF port of a 

mixer, and an LO signal with a different frequency 

and amplitude is presented to the LO port of the 

mixer. The RF signal presented to the mixer can 

be varied in power level to provide a variety of 

large signal conditions. The NVNA has the ability 

to measure and characterize the amplitude and 

phase of all the mixing products on the mixer’s 

RF, LO, and IF ports. This enables characterizing 

the nonlinear behavior of a three-port device, and 

extracting a three-port X-parameter fi le.

With this three-port measurement capability, 

there is fl exibility in characterizing a mixer or con-

verter. The RF and LO frequencies can be swept 

simultaneously, providing a fi xed IF output, or a 

swept RF and fi xed LO can be utilized, providing a 

swept IF frequency output.  

Accurate system design simulation

With the capability to measure and extract the 

nonlinear behavior of a mixer or converter, a 

three-port X-parameter fi le can be imported into 

an ADS design simulator to provide accurate 

simulations for system designers. 

Characterizing three-port devices

RF

LO

IF

IF 2 IF

3 IF

LO

R
F 2 R

F -
LO

LO
 -IF

2 R
F

2  LO

Characterize mixer nonlinear behavior 

►

►  Characterizing the nonlinear behavior of 
  mixers and converters

► Accurate three-port X-parameter models that 
can be imported into ADS simulators

► Cascading both amplifiers and mixers in
    system designs

Accurate simulation results for system 

designs 

Three-port X-parameter measurement 

capability enables:

[X-parameter file]

ADS circuit simulator

Simulated Measured

Simulated system performance will closely match measured perfor-

mance 
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Explore the power of Pulse Envelope Domain

Gain key insights into understanding memory 

effects in active nonlinear devices. Low frequency 

effects from thermal/heating or contributions 

from biasing circuits to high frequency effects 

from frequency limiting matching circuits can 

complicate analyzing component behaviors. 

NVNA pulse envelope domain measures the 

vector corrected amplitude and phase of the 

fundamental and harmonic pulse envelopes 

of your DUT. Displayed data indicates how the 

nonlinear behaviors of your device are changing 

over time, giving you a powerful tool in analyzing 

the nonlinear root issues and then validating the 

design changes. 

R2

D

R

C

Source 2

Pulse generators

LOOUT 2OUT 1

Pulse
modulator

1

2
3

4

To receivers

ω1 ω1

2ω

3ω

x(t) y(t)

Multiple frequency envelopes with 

time varying phase and amplitude

PNA-X integrated pulse generators and modulators

NVNA takes full advantage of the PNA-X optional

internal pulse modulators and generators to 

provide fast, accurate and easily confi gured 

nonlinear pulse envelope domain measurements. 

This high level of integration greatly simplifi es setup 

while maximizing effi cient, accurate measurements.

Each harmonic has a unique 
time varying envelope signature

Output (b2) multi-envelope waveforms

Nonlinear pulse envelope domain
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Fundamental Only X-parameters

For certain devices, it may be difficult or not 

important to measure the device’s harmonic 

energy. Many narrowband devices would not have 

meaningful harmonic responses, and certain high 

frequency devices may be diffi cult to measure the 

device’s harmonic energy. For example, a 34-GHz 

device would need a network analyzer with a 

frequency range of over 100 GHz to characterize 

the energy at the third harmonic. 

The NVNA has the capability to measure and 

characterize these types of devices at their 

fundamental frequencies only, and extract an 

X-parameter model that includes the device’s 

behavior at a desired large signal operating point, 

and can also include power level, bias, source, 

and load dependencies. The fundamental only 

X-parameter model can be imported into an ADS 

design simulation, where its associated depen-

dencies can be used in simulation like any other 

device model. 

When the NVNA is used solely as a fundamental 

only measurement instrument, the calibration 

and measurement phase references are not 

required. Thus, lower cost and less complicated 

measurement systems can be confi gured.

 

Measuring X-parameters at only the 

fundamental frequency  

ADS design simulation

[X-parameter file]

Measure fundamental X-parameters

ADS software

New IC device

Fundamental only X-parameter models can be utilized in ADS simulations 
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NVNA: A highly integrated extension of the premier-performance 

PNA-X microwave network analyzer

The industry-leading performance and highly 

integrated confi gurable nature of the PNA-X make 

it the ideal solution to address active device

measurement challenges. High quality sources

with excellent harmonic performance, sensitive

and linear receivers, exceptional fl exibility and 

a friendly user interface combine to create a 

winning combination. The PNA-X with NVNA 

enables engineers to stay on the leading edge 

of component design and test.

The standard PNA-X is transformed into the 

NVNA with a minimum of external accessories 

and the nonlinear fi rmware options. Core to this

transformation is the nonlinear calibration process. 

Trust in the measured data is as important as 

the data itself. NVNA’s state-of-the-art nonlin-

PNA-X block diagram

NVNA guided calibration wizard

ear calibration process provides vector calibrated 

amplitude and phase data traceable to the National 

Institute of Science and Technology (NIST). A 

simple three-step calibration process is driven by a 

graphical calibration wizard to remove any systematic 

errors and maximize accuracy.

Vector, phase and 
amplitude calibrations
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Calibration module

USB power sensor

U9391C Comb Generator

10 MHz to 26.5 GHz
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Harmonic Phase Reference (HPR)

Phase reference output provides wide frequency coverage with less than 1 MHz tone spacing

● Vector calibration with Agilent’s standard   

 electronic or mechanical calibration kits

● Amplitude calibration with Agilent’s 

 power meter or USB sensor

● Phase calibration with Agilent’s new 

 performance comb generator

 Agilent’s U9391C/F/G Comb Generators are used 

 as the NVNA’s harmonic phase reference   

 and provides exceptional performance, 

 frequency range and ease of use. The comb  

 generator plays a key role in making 

 calibrated phase measurements at the   

 spectral components of interest and offers: 

 ► Low sensitivity to temperature, input   

  power, and drive frequency

 ► 10 MHz to 50 GHz frequency range

 ► Wide dynamic range

U9391F/G Comb Generator

10 MHz to 50 GHz or 67 GHz
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Agilent Nonlinear Vector Network Analyzer (NVNA) 
The NVNA is built on the high-performance PNA-X platform. Go to http://cp.literature.agilent.com/litweb/pdf/N5242-90007.pdf 
PNA-X Data Sheet and Technical Specifi cations for more details.

PNA-X Family of Network Analyzers

N5241A, 10 MHz to 13.5 GHz

N5242A, 10 MHz to 26.5 GHZ

N5244A, 10 MHz to 43.5 GHz

N5245A, 10 MHz to 50 GHz

N5247A  10 MHz to 67 GHz     

Component Characterization - the following options are required

Option 510 Nonlinear component characterization

Option 400 4 ports, dual source test set

Option 419 4 ports, extended power range and bias tees

Option 080 Frequency offset

X-Parameters 

Requires component Characterization Confi guration plus:

Option 514 Nonlinear X-parameters 

Option 423 Internal combiner and mechanical switches

Extended Capabilities 

Option 5201 Arbitrary load impedance X-parameters

Option 087 Inter-modulation distortion measurements
(Required to enable multi-tone component characterization or two-tone X-parameters)

Option 083 Vector and scalar calibrated converter measurements
(Required to enable three-port mixer and converter measurements)

Pulsed Envelope Domain 

Requires component characterization confi guration plus:

Option 518 Nonlinear pulse envelope domain

Option 0212 Pulse modulator for internal 1st source

Option 025 Add four internal pulse generators

Phase Reference Comb Generators3

U9391C 10 MHz to 26.5 GHz Phase reference comb generator

U9391F 10 MHz to 50 GHz Phase reference comb generator

U9391G 10 MHz to 67 GHz Phase reference comb generator (Requires a +15 VDC, 2A)

DC power supply for comb generators: Recommend 87421A (quantity 2) or equivalent.

Go to http://cp.literature.agilent.com/litweb/pdf/5989-7619EN.pdf for the Agilent U9391C/F/G Comb Generators 

Technical Overview.

Required Nonlinear Accessories

Agilent power meter and sensor or USB power sensor

Agilent vector calibration standards, mechanical or ECal

Optionally an Agilent source such as a MXG or PSG can be used in place of the 10 MHz reference from the PNA-X as 
the drive signal for the phase reference comb generator if a tone spacing different from 10 MHz is desired. 

Ordering information 

1.  Requires Maury Microwave load-pull tuner and software, plus Agilent’s
     Advanced Design System (ADS) software.
2.  Order Option 036 instead of Option 021 if import restrictions apply.
  

3.  Two phase reference comb generators are required for nonlinear 
 measurements; fundamental only X-parameters measurements do not  
 require phase reference comb generators.



Agilent Advantage Services is committed to your success 

throughout your equipment’s lifetime. To keep you competi-

tive, we continually invest in tools and processes that speed 

up calibration and repair and reduce your cost of owner-

ship. You can also use Infoline Web Services to manage 

equipment and services more effectively. By sharing our 

measurement and service expertise, we help you create the 

products that change our world.

www.agilent.com/find/advantageservices

www.agilent.com/quality

For more information on Agilent Technologies’ products, 

applications or services, please contact your local Agilent 

office. The complete list is available at: 

www.agilent.com/find/contactus

Americas
Canada (877) 894 4414 
Brazil  (11) 4197 3500
Mexico                  01800 5064 800 
United States (800) 829 4444

Asia Pacific
Australia  1 800 629 485
China 800 810 0189
Hong Kong  800 938 693
India  1 800 112 929
Japan 0120 (421) 345
Korea 080 769 0800
Malaysia  1 800 888 848
Singapore  1 800 375 8100
Taiwan 0800 047 866
Other AP Countries (65) 375 8100  

Europe & Middle East
Belgium  32 (0) 2 404 93 40 
Denmark 45 70 13 15 15
Finland 358 (0) 10 855 2100
France 0825 010 700*
 *0.125 €/minute

Germany 49 (0) 7031 464 6333 
Ireland 1890 924 204
Israel 972-3-9288-504/544
Italy 39 02 92 60 8484
Netherlands 31 (0) 20 547 2111
Spain 34 (91) 631 3300
Sweden 0200-88 22 55
United Kingdom 44 (0) 131 452 0200

For other unlisted countries: 
www.agilent.com/find/contactus
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Agilent Email Updates

www.agilent.com/find/emailupdates

Get the latest information on the products and applications 

you select.  

www.lxistandard.org

LAN eXtensions for Instruments puts the power of Ethernet 

and the Web inside your test systems. Agilent is a founding 

member of the LXI consortium.

Agilent Channel Partners

www.agilent.com/find/channelpartners

Get the best of both worlds: Agilent’s measurement exper-

tise and product breadth, combined with channel partner 

convenience.


