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Introduction The desire for more bandwidth has resulted in an increase in research of data transmis-
sion in optical networks. Examples of components used in an optical network include
photodiodes (optical to electrical, 0-E, transducers) and optical modulators (electrical to
optical, E-0, transducers). Typically, these components are used to form the basis of an
optical transmission path where light energy is used to transmit data.

A Lightwave Component Analyzer (LCA) is often used to characterize various optical
components used in the transmission media. A conceptual LCA is shown below in
Figure 1.
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Figure 1. Conceptual LCA



The concept of lightwave component analysis is straightforward. Measurements are
made of the small-signal linear transmission and reflection characteristics of a variety of
lightwave components. These components include electro-optical components like
lasers, photodiodes, optical modulators and optical fibers. A precise electrical (signal
generator) or optical (laser) source is used to stimulate the component-under-test and a
very accurate optical or electrical receiver measures the transmitted (or reflected) signal.
Since characterization over a range of modulation frequencies is required, the frequency
of modulation is normally swept over the bandwidth of interest.

The Agilent PNA Series of network analyzers can be used to test optical components. A
key benefit of using the PNA Series is the ability to apply 2-port error correction along
with de-embedding. De-embedding is applied through the fixturing application, which is
included in the PNA Series (other methods may not utilize 2-port error correction which
can lead to possible increased measurement error). This, along with industry-leading
hardware performance, provides an accurate measurement representation of the optical
component performance.

The content covered in this documentation applies to both the PNA and the PNA-L Series:

N5230A, PNA-L Series

Frequency range Standard test set Configurable test set
300 kHz to 6 GHz Option 020 Option 025
300 kHz to 13.5 GHz Option 120 Option 125
300 kHz to 20 GHz (4-port) Option 240 Option 245
10 MHz to 20 GHz Option 220 Option 225
10 MHz to 40 GHz Option 420 Option 425
10 MHz to 50 GHz Option 520 Option 525
PNA Series

10 MHz to 20 GHz E8362B

10 MHz to 40 GHz E8363B

10 MHz to 50 GHz E8364B

10 MHz to 67 GHz E8361A

10 MHz to 110 GHz N5250A




The fixturing application allows the user to de-embed 2-port networks, such as a calibrated
photodiode! or modulator from the displayed measurement results shown on the PNA.
All four S-parameters of the calibrated photodiode or modulator can be de-embedded,
whereas previous solutions only rely on the forward transmission response, which can
lead to increased measurement error. The photodiode or modulator data needs to be
stored in comma-separated format (CSV), which can then be imported into the analyzer
by using the fixturing application. Once imported, the data can easily be de-embedded
from the calibrated measurement results.
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Figure 2. PNA fixturing application

1. Photodiodes with calibration data are available
through Agilent. Please contact you local sales
representative for more information.



optical Modulator (E-O) For electrical-optical (E-0) measurements:

Measurements 1. Perform a 2-port calibration at the end of the coaxial cables where the optical
modulator and photodiode will be connected.

2. To measure the E-0 (modulator), connect the cables from the analyzer to the modulator
(port 1) and to the photodiode (port 2). See Figure 3 for details.

3. To obtain the measurements of the modulator, simply de-embed the calibrated
photodiode characteristics from the measured results using the fixturing application in
the PNA. (Photodiodes purchased from Agilent contain the characteristic data for used
in de-embedding.)
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Figure 3. Modulator measurement
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Figure 4. Measured optical modulator response using the PNA Series



Photodiode (0-E)
Measurements

For optical-electrical (0-E) measurements:

1. Perform a 2-port calibration at the end of the coaxial cables.

2. With the modulator in place, a photodiode standard (with calibration data) is used to
calibrate (Data/Mem) the system. See Figure 5 for details.

3. The photodiode standard is then replaced with the 0-E DUT (photodiode). The resulted
measurements will be relative to the photodiode standard. See Figure 5 for details.
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Figure 6. Measured photodiode response using the PNA Series




Results

The following figures compare the measurement results of a photodiode and modulator
using the PNA Series of network analyzers versus the Agilent 86030A lightwave analyzer.
Measured results from the two systems are closely correlated. Plus, measurements
made with the PNA Series show less ripple due to the performance advantages of 2-port
error correction and 2-port de-embedding as previously mentioned.
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Figure 7. Measurement results as compared between the PNA Series and the 86030A LCA



Summary

The results shown indicate that optical measurements can be accurately performed
using the Agilent PNA Series network analyzers. The superior performance of the

PNA hardware over other analyzers, along with the fixturing application and 2-port
error correction, provide a much more accurate measurement result over other previous
measurement solutions.

Web Resources
Visit our Web sites for additional information and literature.

Microwave and RF network analyzers:
www.agilent.com/find/na

PNA microwave network analyzers:
www.agilent.com/find/pna

Electronic calibration (ECal):
www.agilent.com/find/ecal

Test and measurement accessories:
www.agilent.com/find/accessories

g Agilent Email Updates

www.agilent.com/find/emailupdates
Get the latest information on the products and
applications you select.

www.agilent.com

Agilent Technologies’ Test and Measurement Support,
Services, and Assistance

Agilent Technologies aims to maximize the value you
receive, while minimizing your risk and problems. We
strive to ensure that you get the test and measurement
capabilities you paid for and obtain the support you need.
Our extensive support resources and services can help
you choose the right Agilent products for your applications
and apply them successfully. Every instrument and system
we sell has a global warranty. Two concepts underlie
Agilent’s overall support policy: “Our Promise” and “Your
Advantage.”

Our Promise

Our Promise means your Agilent test and measurement
equipment will meet its advertised performance and
functionality. When you are choosing new equipment, we
will help you with product information, including realistic
performance specifications and practical recommendations
from experienced test engineers. When you receive your
new Agilent equipment, we can help verify that it works
properly and help with initial product operation.

Your Advantage

Your Advantage means that Agilent offers a wide range of
additional expert test and measurement services, which
you can purchase according to your unique technical and
business needs. Solve problems efficiently and gain a
competitive edge by contracting with us for calibration,
extra-cost upgrades, out-of-warranty repairs, and onsite
education and training, as well as design, system integra-
tion, project management, and other professional engineer-
ing services. Experienced Agilent engineers and techni-
cians worldwide can help you maximize your productivity,
optimize the return on investment of your Agilent instru-
ments and systems, and obtain dependable measurement
accuracy for the life of those products.

o= Agilent Open
www.agilent.com/find/open

Agilent Open simplifies the process of connecting and
programming test systems to help engineers design, vali-
date and manufacture electronic products. Agilent offers
open connectivity for a broad range of system-ready
instruments, open industry software, PC-standard 1/0 and
global support, which are combined to more easily inte-
grate test system development.

For more information on Agilent Technologies’ products,
applications or services, please contact your local
Agilent office.

Phone or Fax

United States: Korea:

(tel) 800 829 4444 (tel) (080) 769 0800
(fax) 800 829 4433 (fax) (080)769 0900
Canada: Latin America:
(tel) 877 894 4414 (tel) (305) 269 7500
(fax) 800 746 4866 Taiwan:

China: (tel) 0800 047 866
(tel) 800 810 0189 (fax) 0800 286 331
(fax) 800 820 2816 Other Asia Pacific
Europe: Countries:

(tel) 31 20 547 2111 (tel) (65) 6375 8100
Japan: (fax) (65) 6755 0042

(tel) (81) 426 56 7832 Email: tm_ap@agilent.com
(fax) (81) 426 56 7840 Contacts revised: 05/27/05

The complete list is available at:
www.agilent.com/find/contactus
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