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Characterizing Differential Amplifiers 
with True Differential Signals

• True differential measurement method 
using hybrid junctions

• Mathematical balun extracts differential, common, 
and mode conversion S-parameters
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The Challenge of Today’s
Differential Amplifier 
Evaluation

One of the toughest challenges
for RF amplifier manufacturers
today is evaluating differential
amplifiers. Since differential-
mode signals and common-mode
noise mix in real world circuits,
differential amplifiers need to 
be carefully designed to work
properly under real operating
conditions. Thus, balun transformers,
with a traditional 2-port network
analyzer, have been used to convert
single-ended signals to differential
signals for practical evaluation.
However, it is not possible to
obtain accurate mode-conversion
data and characteristics with
this balun measurement method. 

Differential amplifier 
measurement issues

Recently mixed-mode S-parameters
based on single-ended measure-
ments are becoming more com-
mon to characterize differential
components. This method is valid for
characterizing differential ampli-
fiers when the amplifiers behave
in the linear operating region.
However, in this case differential
amplifiers are not driven by true
differential signals. To character-
ize differential amplifiers, even
in the non-linear operating
regions, it is necessary to drive
them with true differential sig-
nals and to use 4-port network
analyzers with some key mea-
surement functions.

True differential measurement
method using hybrid junctions

Differential amplifiers can be
fully characterized using hybrid
junctions with the Agilent
E5070B/71B ENA Series 4-port
network analyzers. As shown in
Figure 1, a differential amplifier
is driven by a true differential
signal for the measurement.  
The characteristics of hybrid
junctions need to be compensat-
ed to get the actual amplifier’s
response. The ENA Series net-
work analyzers provide this com-
pensation using the 4-port de-
embedding function.  The ENA
also provides the measurement
results converted from S-para-
meters to mixed-mode S-parame-
ters using the fixture simulator
function.  In this way, the true
differential characteristics of dif-
ferential amplifiers can be mea-
sured.

The step-by-step procedure 
using the 4-port ENA and hybrid 
junction is as follows:

Step 1: Calibrate the ENA at the
ends of cables as the calibration
plane.

Step 2: Characterize a hybrid
junction using a 4-port ENA.
Additional cables/transmission
lines can be modeled by using an
ENA’s port extension function.
Measured S-parameters can be
saved in touchstone format for
de-embedding.

Step 3: Measure the differential
amplifier using the measurement
setup shown in Figure 1. Thus,
the DUT can be driven by differ-
ential signals. The ENA’s 4-port
de-embedding function removes
the effect of the hybrid junction.

Step 4: Obtain differential, 
common, and mode conversion
S-parameters from the measure-
ment result in Step 3. The ENA’s
mathematical balun will interpret
them. 

Figure 1. True differential measurement method using hybrid junctions
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Measurement examples

Figure 2 shows the actual 
measurement results for gain
compression using the true 
differential measurement
method with a hybrid junction
and the direct mixed-mode 
S-parameter measurement
method  (refer to Figure 3 for
measurement setup). Comparing
the two measurement results,
non-linear characteristics of the
DUT, such as Sdc11 and Sdc21
(common mode to differential
mode conversion), can be mea-
sured with the true differential
method. In this example, note
that the measured differential
gain such as Sdd21 are quite
similar between two methods,
since differential gain is the 
most important parameter of
amplifiers. 

The ENA Series meets your
measurement needs

There are many trade-offs with 
differential amplifier measure-
ment methods as shown in Table
1 below. The ENA Series RF net-
work analyzer with its high-per-
formance, flexible measurement
functions, and true differential
characterization, is a valuable tool
suited to meet your measurement
needs. 

For more information, please
contact your local Agilent 
representative.

Advantages Disadvantages

True differential measurement • Provides both differential-mode and • May be difficult to find the 
method using hybrid junctions common-mode signals for full performance or broadband hybrid

characterization of differential junctions
amplifiers • Requires characterization of hybrid junctions

Direct mixed-mode S-parameter • Simple measurement procedure • May NOT provide accurate measurement
measurement method • Provides valid measurement results results in non-linear operating region

in the linear operating region

Figure 2. Differential amplifier measurement results

Figure 3. Direct mixed-mode S-parameter measurement method

Table 1. Measurement method comparison
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Agilent Technologies’ Test and Measurement
Support, Services, and Assistance
Agilent Technologies aims to maximize the value
you receive, while minimizing your risk and prob-
lems. We strive to ensure that you get the test
and measurement capabilities you paid for and
obtain the support you need. Our extensive sup-
port 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.
Support is available for at least five years beyond
the production life of the product. Two concepts
underlie Agilent’s overall support policy: “Our
Promise” and “Your Advantage.”

Our Promise
Our Promise means your Agilent test and mea-
surement equipment will meet its advertised
performance and functionality. When you are
choosing new equipment, we will help you with
product information, including realistic perfor-
mance specifications and practical recommenda-
tions from experienced test engineers. When
you use Agilent equipment, we can verify
that  it works properly, help with product opera-
tion, and provide basic measurement assistance
for the use of specified capabilities, at no extra
cost upon request. Many self-help tools are available.

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 integration, project management,
and other professional engineering services.
Experienced Agilent engineers and technicians
worldwide can help you maximize your productivity,
optimize the return on investment of your Agilent
instruments and systems, and obtain dependable
measurement accuracy for the life of those products.  

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

Agilent T&M Software and Connectivity
Agilent’s Test and Measurement software and
connectivity products, solutions and developer
network allows you to take time out of connect-
ing your instruments to your computer with tools
based on PC standards, so you can focus on your
tasks, not on your connections.  Visit 
www.agilent.com/find/connectivity
for more information.

By internet, phone, or fax, get assistance with
all your test & measurement needs

Phone or Fax

United States:
(tel) 800 452 4844

Canada:
(tel) 877 894 4414
(fax) 905 282 6495

China:
(tel) 800 810 0189
(fax) 800 820 2816

Europe:
(tel) (31 20) 547 2323
(fax) (31 20) 547 2390

Japan:
(tel) (81) 426 56 7832
(fax) (81) 426 56 7840

Korea:
(tel) (82 2) 2004 5004 
(fax) (82 2) 2004 5115

Latin America:
(tel) (305) 269 7500
(fax) (305) 269 7599

Taiwan:
(tel) 0800 047 866 
(fax) 0800 286 331

Other Asia Pacific Countries:
(tel) (65) 6375 8100 
(fax) (65) 6836 0252
Email: tm_asia@agilent.com

Online Assistance:
ww.agilent.com/find/assist
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