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1. SCOPE:

This document presents standard methods to evaluate the common mode and differential mode
insertion loss of passive electromagnetic interference power line filters from 10 kHz through 10 GHz.
Insertion loss test methods for both quality assurance and performance prediction purposes are
described. The performance prediction tests are selected to more closely approximate operating
impedances. They are not intended to be inclusive or to represent worst case conditions. However,
the methodology of this document can be used to determine the performance in an arbitrary
impedance circuit.

2. APPLICABLE DOCUMENTS:
The following publications form a part of this document to the extent specified herein. The latest issue
of SAE publications shall apply. The applicable issue of other publications shall be the issue in effect

on the date of the purchase order. In the event of conflict between the text of this document and
references cited herein, the text of this document takes precedence. Nothing in this document,

however, supersedes applicable laws and regulations unless a specific exemption has been obtained.
2.1 SAE Publications:
Available from SAE, 400 Commonwealth Drive, Warrendale, PA 15096-0001.
ARP936 Capacitor, 10 uF for EMI Measurements
2.2 ANSI Publications:
Available from ANSI, 11 West 42nd Street, New York, NY 10036-8002.

ANSI C63.13:1991 Guide on the Application and Evaluation of EMI Power Line Filters for
Commercial Use

2.3 U.8. Government Publications:

Available from DODSSP, Subscription Services Desk, Building 4D, 700 Robbins Avenue,
Philadelphia, PA 19111-5094.

MIL-STD-220A  Method of Insertion-Loss Measurement
MIL-STD-462D Measurement of Electromagnetic Interference Characteristics

2.4 Underwriter Laboratories Publications:
Available from Underwriter Laboratories Publications, 333 Pfingsten Road, Northbrook, IL 60062.

UL-1283 Electromagnetic Interference Filters
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2.5 Other Publications:

CISPR-17: 1981 Methods of Measurement of the Suppression Characteristics of Passive Radio
Interference Filters and Suppression Components

3. BACKGROUND:
3.1 Status Quo:

The ANSI C63.13 document is a good overall reference on the use and function of power line filters.
This document supplements the ANSI document by defining a test method for other than in a 50 £
system. Prior to the issuance of this document, the insertion loss performance of EMI power line
filters has been evaluated using the test methods of MIL-STD-220A, or variations thereof. Those
variations, together with the inherent shortcomings of that standard, have caused confusion among
filter users, and have prevented or delayed acquisition of effective power line filters for specific
applications. CISPR-17 also presents a no load test method with mismatched impedances

(0.1/100 ), which is supported by the IEC as a filter standard for measuring insertion loss. Reports
indicate it functions okay for up to 60 dB isolation but is limited in evaluating 100 dB power line filters.

3.2 Shortcomings of MIL-STD-220A (Rev. 15 Dec. 1959):

3.2.1 MIL-STD-220A addresses the insertion loss testing of more traditional filters ("Type 1), such as
depicted in Figure 1 herein; its methods are inadequate for more recently developed filter designs
(“Type 2") such as shown in Figure 2. Filter schematics shown are generalized. Either type of filter
may have more or fewer sections. Capacitors may also have small value "Q-killer" resistors
(typically 1 to 10 Q) placed in series. Filters may have "bleedet" resistors placed in parallel to
capacitors as per UL-1283. Although MIL-STD-220A does cover testing of “multi-circuit” filters, it
makes no distinction between common mode and differential mode insertion loss performance,
which, for a Type 2 filter, can be markedly different. The user requirement for either can also differ,
depending upon the particular problem to be solved by use of the filter. Numerous filter users and
manufacturers have established in-house filter test methods to measure both types of insertion
loss, but the lack of a common set of methods has hindered meaningful and useful communication
and comparison of competing filter designs.

3.22 MIL-STD-220A uses a resistive 50 O source/50 Q load system, which is not representative of
realistic power line impedances, especially at frequencies much below 1 MHz. The resulting
insertion loss data can not realistically be utilized at lower frequencies to approximate filter
performance in an actual power circuit. Published 50 Q test data is almost universally misused by
filter users as a first approximation of benefit to be gained by insertion of the filter into a power
circuit. Untold time and effort are wasted due to the dissimilarity between 50 Q2 published curves
and actual in-circuit performance. While the best check of filter performance is insertion into the
actual intended circuit, a need exists for a methodology to predict performance more accurately.
This is accomplished by using filter terminating impedances in insertion loss test setups which
more accurately represent typical circuit terminating impedances.
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FIGURE 1 - “Type 1" EMI Filter
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FIGURE 2 - “Type 2" EMI Filter
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3.3 Positive Features of MIL-STD-220A;

3.3.1 The general 50 £2/50 €2 test setup of MIL-STD-220A advantageously utilizes commonly available
50 Q RF test equipment, and provides a convenient quality assurance tool for inspecting the
performance of EMI filters.

3.3.2 MIL-STD-220A covers the important aspect of measuring insertion loss with simulated load
current, to determine adequacy of inductor design.

4. INTENT:

The intent of this document is to expand upon the scope of MIL-STD-220A, while not requiring any
extensive new hardware or fixturing for the new test setups mandated by that expansion. The
following specific benefits are intended:

Separate measurement of both common mode and differential mode insertion loss.
Separate measurement methods for quality assurance and performance prediction purposes.
Standardization of insertion loss test methods throughout the EMC community.

a
b.
c.
d. Continued usage of relevant portions of MIL-STD-220A.
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