Characterizing MEMS Magneto-Impedance Sensors
Using Agilent 4294A and E4991A Impedance Analyzers
Application Note ► Excellent accuracy and repeatability
► Easy evaluation of MagnetoImpedance characteristics
► A wide variety of design-automation
tools and functions

Figure 1. Agilent 4294A and E4991A
Impedance Analyzers

Introduction

Evaluation of MI Characteristics
of the Amorphous Magnetic
Material

This application brief describes the beneﬁts of using
Agilent impedance analyzers for device characterization
of MEMS Magneto-Impedance (MI) sensors and how they
improve design and test efﬁciency while offering a wide
variety of design-automation tools and functions.

Evaluating the MI sensor’s sensitivity is very important
because its sensitivity depends on the impedance change
of the amorphous magnetic material when high frequency
is applied.

Agilent Impedance Analyzers
The 4294A covers the range of 40 Hz to 110 MHz and the
E4991A, from 1 MHz to 3 GHz. These impedance analyzers
(see Figure 1) offer excellent impedance measurement accuracy and are optimum tools for both design and manufacturing test of MEMS MI sensors.
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The MI sensor applies the principle of the MI effect. The
impedance of the amorphous magnetic material changes
depending on the external magnetic ﬁeld when high
frequency current is applied. Figure 2 shows the equation
of this characteristic. High sensitive MI sensors are easily
miniaturized into MEMS devices.
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Figure 3. Impedance vs. Magnetic Field

For an MI sensor, the impedance is low at low frequencies and changes rapidly at high frequencies (Figure 4).
The instrument’s impedance accuracy with sufﬁcient test
frequency resolution is required to know the true performance of an MI sensor. Agilent impedance analyzers have
frequency resolution up to 1 mHz, enabling them to follow
rapid impedance changes. These impedance analyzers have
advanced calibration and ﬁxture compensation capabilities
and offer excellent accuracy and repeatability by removing
the instruments’ systematic error and residual impedance
of the test ﬁxture used.
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In addition, the Agilent impedance analyzers display frequency
characteristics on their screens in real time, which helps
users analyze the MI characteristics of the amorphous
magnetic material quickly. (Figures 5 and 6)

Figure 2. Impedance calculation formula for amorphous
magnetic materials

2

A Wide Variety of DesignSummary
Automation Tools and Functions The Agilent 4294A and E4991A Impedance Analyzers are
ideal test instruments for characterizing MEMS MI sensors.
These analyzers offer excellent accuracy and repeatability
because of the advanced calibration function that removes
instrument system measurement errors and residual impedance of the test ﬁxture used. In addition, a wide variety of
design-automation tools help designers improve the design
productivity.

Agilent impedance analyzers provide various design-automation tools and functions that increase test productivity.
The built-in programming function allows users to customize the parameters to be evaluated and/or to build an
automated test environment and customize it without an
external PC. The data output functions corresponding to
Touchstone (4294A) and CITI ﬁle (E4991A) formats enable
much more advanced analysis using the external simulator,
which improves the device design efﬁciency.

For more information, please refer to the following
literature and websites:
►
►
►
►
►

Agilent 4294A Technical Overview (P/N 5968-3808E)
Agilent 4294A Data Sheet (P/N 5968-3809E)
Agilent E4991A Technical Overview (P/N 5980-1234E)
Agilent E4991A Data Sheet (P/N 5980-1233E)
MEMS/NEMS Device Measurement Solution:
www.agilent.com/ﬁnd/mems
► Agilent 4294A Precision Impedance Analyzer:
www.agilent.com/ﬁnd/4294a
► Agilent E4991A Impedance/Material Analyzer
www.agilent.com/ﬁnd/e4991a
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Figure 4. Magneto-Impedance frequency characteristic

Figure 5. E4991A impedance measurement accuracy chart

Figure 6. 4294A impedance measurement accuracy chart
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www.agilent.com
Remove all doubt
Our repair and calibration services will get your
equipment back to you, performing like new, when
promised. You will get full value out of your Agilent
equipment throughout its lifetime. Your equipment
will be serviced by Agilent-trained technicians using
the latest factory calibration procedures, automated
repair diagnostics and genuine parts. You will always
have the utmost conﬁdence in your measurements.
Agilent offers a wide range of additional expert
test and measurement services for your equipment,
including initial start-up assistance onsite education
and training, as well as design, system integration,
and project management.
For more information on repair and calibration
services, go to:
www.agilent.com/find/removealldoubt

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

For more information on Agilent Technologies’ products,
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Europe
Austria
Belgium
Denmark
Finland
France
Germany

0820 87 44 11
32 (0) 2 404 93 40
45 70 13 15 15
358 (0) 10 855 2100
0825 010 700
01805 24 6333*
*0.14€/minute
1890 924 204
39 02 92 60 8 484
31 (0) 20 547 2111
34 (91) 631 3300
0200-88 22 55
44 (21) 8113811(Option 2)
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Ireland
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Switzerland (French)
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United Kingdom
Other European Countries:
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