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Abstract: The IEEE 287 series of documents presents the combined efforts of IEEE 287 Working 
Group that reflect the knowledge and experience of leading specialists in the development and 
measurement of precision coaxial connectors for RF, microwave, and millimeter-wave frequencies. 
It presents minimum performance requirements to standardize both hermaphroditic and pin-and-
socket-type connectors (IEEE Std 287.1™). It provides a recommended practice for electrical 
and mechanical test procedures for Instrument Grade and Metrology Grade precision connectors 
(IEEE Std 287.2™, this document). Recommended reference procedures including connector 
effects, connector care and cleaning, connector repeatability and reproducibility test procedures, 
and a color code for connectors are detailed in the third part of the standard (IEEE Std 287.3™). 
The bibliography provides a list of pertinent references for measurement techniques used in 
determining electrical, mechanical, and dimensional parameters for coaxial connectors.

Keywords: IEEE 287.2™, instrument grade precision connector (IGC), metrology grade precision 
connector (MGC), minimum performance requirement, pin and socket connector, precision coaxial 
connector
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Important Notices and Disclaimers Concerning IEEE Standards Documents

IEEE Standards documents are made available for use subject to important notices and legal disclaimers. 
These notices and disclaimers, or a reference to this page (https:// standards .ieee .org/ ipr/ disclaimers .html), 
appear in all standards and may be found under the heading “Important Notices and Disclaimers Concerning 
IEEE Standards Documents.”

Notice and Disclaimer of Liability Concerning the Use of IEEE Standards 
Documents

IEEE Standards documents are developed within the IEEE Societies and the Standards Coordinating 
Committees of the IEEE Standards Association (IEEE SA) Standards Board. IEEE develops its standards 
through an accredited consensus development process, which brings together volunteers representing varied 
viewpoints and interests to achieve the final product. IEEE Standards are documents developed by volunteers 
with scientific, academic, and industry-based expertise in technical working groups. Volunteers are not 
necessarily members of IEEE or IEEE SA, and participate without compensation from IEEE. While IEEE 
administers the process and establishes rules to promote fairness in the consensus development process, IEEE 
does not independently evaluate, test, or verify the accuracy of any of the information or the soundness of any 
judgments contained in its standards.

IEEE makes no warranties or representations concerning its standards, and expressly disclaims all warranties, 
express or implied, concerning this standard, including but not limited to the warranties of merchantability, 
fitness for a particular purpose and non-infringement. In addition, IEEE does not warrant or represent that the 
use of the material contained in its standards is free from patent infringement. IEEE standards documents are 
supplied “AS IS” and “WITH ALL FAULTS.”

Use of an IEEE standard is wholly voluntary. The existence of an IEEE Standard does not imply that there 
are no other ways to produce, test, measure, purchase, market, or provide other goods and services related to 
the scope of the IEEE standard. Furthermore, the viewpoint expressed at the time a standard is approved and 
issued is subject to change brought about through developments in the state of the art and comments received 
from users of the standard.

In publishing and making its standards available, IEEE is not suggesting or rendering professional or other 
services for, or on behalf of, any person or entity, nor is IEEE undertaking to perform any duty owed by any 
other person or entity to another. Any person utilizing any IEEE Standards document, should rely upon his or 
her own independent judgment in the exercise of reasonable care in any given circumstances or, as appropriate, 
seek the advice of a competent professional in determining the appropriateness of a given IEEE standard.

IN NO EVENT SHALL IEEE BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, 
EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO: THE 
NEED TO PROCURE SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS; 
OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, 
WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR 
OTHERWISE) ARISING IN ANY WAY OUT OF THE PUBLICATION, USE OF, OR RELIANCE 
UPON ANY STANDARD, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE AND 
REGARDLESS OF WHETHER SUCH DAMAGE WAS FORESEEABLE.

Translations

The IEEE consensus development process involves the review of documents in English only. In the event that 
an IEEE standard is translated, only the English version published by IEEE is the approved IEEE standard.

https://standards.ieee.org/ipr/disclaimers.html
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Official statements

A statement, written or oral, that is not processed in accordance with the IEEE SA Standards Board Operations 
Manual shall not be considered or inferred to be the official position of IEEE or any of its committees and shall 
not be considered to be, nor be relied upon as, a formal position of IEEE. At lectures, symposia, seminars, 
or educational courses, an individual presenting information on IEEE standards shall make it clear that the 
presenter’s views should be considered the personal views of that individual rather than the formal position of 
IEEE, IEEE SA, the Standards Committee, or the Working Group.

Comments on standards

Comments for revision of IEEE Standards documents are welcome from any interested party, regardless of 
membership affiliation with IEEE or IEEE SA. However, IEEE does not provide interpretations, consulting 
information, or advice pertaining to IEEE Standards documents.

Suggestions for changes in documents should be in the form of a proposed change of text, together with 
appropriate supporting comments. Since IEEE standards represent a consensus of concerned interests, it is 
important that any responses to comments and questions also receive the concurrence of a balance of interests. 
For this reason, IEEE and the members of its Societies and Standards Coordinating Committees are not able to 
provide an instant response to comments, or questions except in those cases where the matter has previously 
been addressed. For the same reason, IEEE does not respond to interpretation requests. Any person who would 
like to participate in evaluating comments or in revisions to an IEEE standard is welcome to join the relevant 
IEEE working group. You can indicate interest in a working group using the Interests tab in the Manage Profile 
and Interests area of the IEEE SA myProject system.1 An IEEE Account is needed to access the application.

Comments on standards should be submitted using the Contact Us form.2 

Laws and regulations

Users of IEEE Standards documents should consult all applicable laws and regulations. Compliance with 
the provisions of any IEEE Standards document does not constitute compliance to any applicable regulatory 
requirements. Implementers of the standard are responsible for observing or referring to the applicable 
regulatory requirements. IEEE does not, by the publication of its standards, intend to urge action that is not in 
compliance with applicable laws, and these documents may not be construed as doing so.

Data privacy

Users of IEEE Standards documents should evaluate the standards for considerations of data privacy and 
data ownership in the context of assessing and using the standards in compliance with applicable laws and 
regulations.

Copyrights

IEEE draft and approved standards are copyrighted by IEEE under US and international copyright laws. They 
are made available by IEEE and are adopted for a wide variety of both public and private uses. These include 
both use, by reference, in laws and regulations, and use in private self-regulation, standardization, and the 
promotion of engineering practices and methods. By making these documents available for use and adoption 
by public authorities and private users, IEEE does not waive any rights in copyright to the documents.

1Available at: https:// development .standards .ieee .org/ myproject -web/ public/ view .html #landing.
2Available at: https:// standards .ieee .org/ content/ ieee -standards/ en/ about/ contact/ index .html.

https://development.standards.ieee.org/myproject-web/public/view.html#landing
https://standards.ieee.org/content/ieee-standards/en/about/contact/index.html
https://development.standards.ieee.org/myproject-web/public/view.html#landing
https://standards.ieee.org/content/ieee-standards/en/about/contact/index.html
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Photocopies

Subject to payment of the appropriate licensing fees, IEEE will grant users a limited, non-exclusive license to 
photocopy portions of any individual standard for company or organizational internal use or individual, non-
commercial use only. To arrange for payment of licensing fees, please contact Copyright Clearance Center, 
Customer Service, 222 Rosewood Drive, Danvers, MA 01923 USA; +1 978 750 8400; https:// www .copyright 
.com/ . Permission to photocopy portions of any individual standard for educational classroom use can also be 
obtained through the Copyright Clearance Center.

Updating of IEEE Standards documents

Users of IEEE Standards documents should be aware that these documents may be superseded at any time 
by the issuance of new editions or may be amended from time to time through the issuance of amendments, 
corrigenda, or errata. An official IEEE document at any point in time consists of the current edition of the 
document together with any amendments, corrigenda, or errata then in effect.

Every IEEE standard is subjected to review at least every 10 years. When a document is more than 10 years old 
and has not undergone a revision process, it is reasonable to conclude that its contents, although still of some 
value, do not wholly reflect the present state of the art. Users are cautioned to check to determine that they have 
the latest edition of any IEEE standard.

In order to determine whether a given document is the current edition and whether it has been amended through 
the issuance of amendments, corrigenda, or errata, visit IEEE Xplore or contact IEEE.3 For more information 
about the IEEE SA or IEEE’s standards development process, visit the IEEE SA Website.

Errata

Errata, if any, for all IEEE standards can be accessed on the IEEE SA Website.4 Search for standard number and 
year of approval to access the web page of the published standard. Errata links are located under the Additional 
Resources Details section. Errata are also available in IEEE Xplore. Users are encouraged to periodically 
check for errata.

Patents

IEEE Standards are developed in compliance with the IEEE SA Patent Policy.5

Attention is called to the possibility that implementation of this standard may require use of subject matter 
covered by patent rights. By publication of this standard, no position is taken by the IEEE with respect to the 
existence or validity of any patent rights in connection therewith. If a patent holder or patent applicant has 
filed a statement of assurance via an Accepted Letter of Assurance, then the statement is listed on the IEEE 
SA Website at https:// standards .ieee .org/ about/ sasb/ patcom/ patents .html. Letters of Assurance may indicate 
whether the Submitter is willing or unwilling to grant licenses under patent rights without compensation 
or under reasonable rates, with reasonable terms and conditions that are demonstrably free of any unfair 
discrimination to applicants desiring to obtain such licenses.

Essential Patent Claims may exist for which a Letter of Assurance has not been received. The IEEE is not 
responsible for identifying Essential Patent Claims for which a license may be required, for conducting inquiries 
into the legal validity or scope of Patents Claims, or determining whether any licensing terms or conditions 
provided in connection with submission of a Letter of Assurance, if any, or in any licensing agreements are 

3Available at: https:// ieeexplore .ieee .org/ browse/ standards/ collection/ ieee.
4Available at: https:// standards .ieee .org/ standard/ index .html.
5Available at: https:// standards .ieee .org/ about/ sasb/ patcom/ materials .html.

https://www.copyright.com/
https://www.copyright.com/
https://ieeexplore.ieee.org/browse/standards/collection/ieee/
https://standards.ieee.org/content/ieee-standards/en/about/contact/index.html
https://standards.ieee.org/standard/index.html
https://ieeexplore.ieee.org/browse/standards/collection/ieee/
https://standards.ieee.org/about/sasb/patcom/materials.html
https://standards.ieee.org/about/sasb/patcom/patents.html
https://ieeexplore.ieee.org/browse/standards/collection/ieee
https://standards.ieee.org/standard/index.html
https://standards.ieee.org/about/sasb/patcom/materials.html
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reasonable or non-discriminatory. Users of this standard are expressly advised that determination of the 
validity of any patent rights, and the risk of infringement of such rights, is entirely their own responsibility. 
Further information may be obtained from the IEEE Standards Association.

IMPORTANT NOTICE

IEEE Standards do not guarantee or ensure safety, security, health, or environmental protection, or ensure against 
interference with or from other devices or networks. IEEE Standards development activities consider research 
and information presented to the standards development group in developing any safety recommendations. 
Other information about safety practices, changes in technology or technology implementation, or impact 
by peripheral systems also may be pertinent to safety considerations during implementation of the standard. 
Implementers and users of IEEE Standards documents are responsible for determining and complying with 
all appropriate safety, security, environmental, health, and interference protection practices and all applicable 
laws and regulations.
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Introduction

This introduction is not part of IEEE Std 287.2-2021, IEEE Recommended Practice for Precision Coaxial Connectors at 
RF, Microwave, and Millimeter-Wave Frequencies—Part 2: Test Procedures.

The IEEE 287 series of documents presents minimum performance requirements for precision coaxial 
connectors developed by the IEEE Subcommittee P287. The documents build on the previous version of 
the IEEE 287 standard. The main purpose of this rewrite is to modernize the standard including drawings, 
mechanical and electrical tests, and includes several new connector sizes that were not available when 
the standard was rewritten in 2007. The IEEE 287 series of documents has three parts. The first part, 
IEEE Std 287.1™ contains the specifications for all of the included coaxial connector types. IEEE Std 287.2™ 
(this document) is a recommended practice guide for all of the mechanical and electrical tests that are needed to 
verify the specifications of the connectors. The third part, IEEE Std 287.3™, is a recommended practice guide 
that contains a set of guides, practices, and information that should be useful to users of coaxial connectors.
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1. Overview

1.1 Scope

This recommended practice specifies the mechanical and electrical test procedures that are recommended 
to be used for precision coaxial connectors used at radio frequency (RF), microwave, and millimeter-wave 
frequencies. Current state-of-the-art test procedures are covered by this Recommended Practice.

1.2 Purpose

The purpose of this Recommended Practice is to present state-of-the-art test procedures that can be used to 
verify the performance of coaxial connectors. Test procedures for both electrical and mechanical performance 
are detailed. A very important utility of this recommended practice is that it serves as a user's guide. The guide 
presents up-to-date test methods to utilize vector network analyzers (VNAs) and other test methods along with 
current state-of-the-art concepts in connector technology.

1.3 Word usage

The word shall indicates mandatory requirements strictly to be followed in order to conform to the standard 
and from which no deviation is permitted (shall equals is required to).6,7

The word should indicates that among several possibilities one is recommended as particularly suitable, 
without mentioning or excluding others; or that a certain course of action is preferred but not necessarily 
required (should equals is recommended that).

The word may is used to indicate a course of action permissible within the limits of the standard (may equals 
is permitted to).

The word can is used for statements of possibility and capability, whether material, physical, or causal (can 
equals is able to).

6The use of the word must is deprecated and cannot be used when stating mandatory requirements; must is used only to describe 
unavoidable situations.
7The use of will is deprecated and cannot be used when stating mandatory requirements; will is only used in statements of fact.

IEEE Recommended Practice for 
Precision Coaxial Connectors at RF, 
Microwave, and Millimeter-Wave 
Frequencies—Part 2: Test Procedures
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2. Normative references
The following referenced documents are indispensable for the application of this document (i.e., they must 
be understood and used, so each referenced document is cited in text and its relationship to this document is 
explained). For dated references, only the edition cited applies. For undated references, the latest edition of the 
referenced document (including any amendments or corrigenda) applies.

There are no normative references in this recommended practice.

3. Recommended electrical test procedures

3.1 Statement

Precision connectors require careful measurements of their electrical performance to help ensure full 
compliance to their specified parameters. Current techniques permit stepped frequency and time-domain 
measurements over the entire frequency ranges of both instrument grade connector (IGC) and metrology 
grade connector (MGC) connectors with sufficient accuracy to satisfy these requirements. The ratio of the 
specification to measurement error equal to or better than 4 to 1 provides sufficient accuracy. Real-time full-
frequency performance display can reveal spurious responses, erratic behavior, and impedance deviations of 
the connectors under test.

A primary concern of the process is the accuracy and repeatability of the measurements with respect to the 
connector performance requirement. Care shall be taken to distinguish between the error and the repeatability 
of the measurement technique, and the repeatability of the connector itself. The precision connectors shall be 
attached to precision airlines for the measurement process, as the airlines become the impedance reference.

3.2 Reflection coefficient

The IGC and MGC shall be tested with attached airlines. Also, all test methods require airlines in their 
configuration and calibration. When using airlines, it is recommended that the connector be separated from a 
support structure (such as a bead) sufficiently to permit time domain gating. A good rule of thumb is a gate 
width of 5 2λ /  centered around the connector interface and a physical separation of at least 5 2λ /  from any 
support structure relative to the connector interface, where λ  is the wavelength of the highest measurement 
frequency. For the smallest line sizes, offset short circuits can be used for calibration. In both of the previously 
mentioned situations, the airlines or short circuits shall be carefully controlled to maintain impedance values 
consistent with the error limit required for the connector reflection measurement. The inner and outer 
conductor diameters, the concentricity of the center conductor, the conductivity, and the surface finish shall all 
meet the impedance standards (see Harris and Spinney [B12], IEEE Std 314™-1971 [B19], Weinschel [B46] 
and [B47], and Wong [B51]). The surface conductivity shall be appropriately controlled and, in some cases, 
corrected by calculation (see Nelson and Coryell [B35], Somlo and Hunter [B44], and Zorzy [B52]), especially 
at low frequencies.

3.2.1 Measurement techniques

All of the methods listed in this subclause have the requisite accuracy and dynamic or frequency range. The 
first method is a one-port measurement that can provide greater accuracy by avoiding flexible or semi-flexible 
cables in the measurement path. This is more appropriate for larger connectors with greater precision specified, 
e.g., 7–16, 14 mm, 4.3–10, 7 mm, Type N, and 3.5 mm. This is also needed for the repeatability measurements. 
A two-port measurement may subsequently be required for the transmission parameter measurements under 
certain circumstances. The second method allows all parameters except repeatability with rotation to be made 
with one setup. This method is more appropriate for the smaller, higher frequency connector types.
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Method 1—VNA, gated time domain. This method (see Oldfield [B36] and Rytting [B38]) allows both 
reflection and transmission measurements. The directivity and both test port matches are calibrated and stored 
in software to create a nearly ideal network analyzer. Furthermore, the proposed test method uses precision 
airlines on both sides of the connector pair under test as shown in Figure 1.

Figure 1—Reflection test setup for IGC/IGC connector pair

Line A and Line B both shall have an IGC on one end and a MGC on the other end. For polarized connectors, 
one line will have pin connectors on each end; the other will have socket connectors on each end.

Both lines shall meet all impedance control requirements. The connector pair under test shall be configured to 
measure the following connector pairs:

— IGC/IGC

— IGC/MGC

— MGC/IGC

The VNA is calibrated for reflection measurement using the full-frequency range of the connector type with a 
harmonic series of test frequencies.

Next, the data are digitally transformed to the time domain using the harmonic frequency series for the low-
pass process. The frequency domain data is windowed (see Harris [B10]) by a nominal window, such as the 
following:

a) Truncated Gaussian at 2.5σ

b) Kaiser-Bessel with α = 2.0

c) Hamming

All of these provide 40 dB to 45 dB side lobe suppression with a main lobe width on reflection of one half 
a wavelength λ/2 at the maximum frequency. Both the impulse and the step response can be observed. The 
response display should be centered on the test connector pair position and expanded to include 5λ/2 on both 
sides giving a total display of 10λ/2.

Finally, a time gate width of 5(λ/2), which is ±2.5(λ/2) around the central point of the gate is applied to the 
region around the test connector pair and then the gated time response is returned to the frequency domain. 
A magnitude or vector response from the test connector pair is displayed. This response is isolated from the 
initial test connection to the VNA and the connector and termination at the far end of the test configuration. 
The time domain and the gated frequency-domain responses will all be referenced to the impedance of the 
airline preceding the test connector pair.
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Figure 2 shows the four responses discussed in Method 1 for a 1.85 mm instrumentation-grade test connector 
pair. The VNA with the time-domain transformation method tests the entire frequency range of all current 
and proposed connectors to 145 GHz. It provides initial scrutiny to verify connection viability and can test 
instrumentation grade and instrumentation grade-metrology grade connector pairs.

A sufficient dynamic range is 90 dB to 50 GHz and 60 dB to 145 GHz. The time gated frequency response 
can be stored, and the connection broken and reestablished to study connector repeatability. The reflection of 
subsequent connections can be subtracted from the original stored reflection to give repeatability differences 
(see Botka [B3] and Harris [B10]).

Figure 2—Four responses for a 1.85 mm instrumentation grade connector pair
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Method 2—VNA, direct measurement with calibration kit yielding sufficient accuracy. Residual 
directivity is the dominant error source for reflection measurements. The 4 to 1 accuracy level is met for a 
calibration kit and associated calibration method when they yield a residual directivity at least 12 dB better 
than the return loss specification expressed in dB. The VNA using LRL calibration can achieve directivity and 
test port matches at ports 1 and 2 of 60 dB return loss in 7 mm. This performance is illustrated in an article by 
K. H. Wong [B51]. This can be used to measure an IGC connector alone (with MGC on the other end of the test 
line) and an IGC/IGC pair on the ends of the test lines. This method can further be used to measure attenuation 
and electrical length.

3.3 Connector repeatability

The repeatability of the reflection coefficient can be determined when at least one of the mating ports has a 
supporting structure for the center conductor. The test configuration of Figure 3 is used for this test.

Figure 3—Test configuration for connector repeatability for the case of two IGC connectors

An open/short/load (termination) calibration is performed at the test connector pair.

Proper connector repeatability measurements require measurements of at least eight connect and disconnect 
cycles. Rotation is added between each connection to help ensure the full range of possible connector 
orientations is explored. When using eight connect and disconnect cycles, sequentially rotating the connector 
clockwise by about 45 degrees prior to each connection would be satisfactory. The repeatability of a specified 
parameter determined from this set of repeatability measurements is defined as the maximum difference 
relative to the mean of the measurement set. Note this is consistent with 3.2.4 of IEEE Std 287.1™-2021 
[B17]. This differs from the definition in previous versions of this standard which considered repeatability 
to be the difference between the extreme values of the measurements. The previous definition did not 
match the electrical test process that referenced all measurements to the first measurement. Referencing the 
measurements to the mean provides better consistency with measurement results.

A plot of the vector difference from the mean of the data from 10 connection/disconnect cycles on an IGC 1.85 
mm pair is shown in Figure 4.
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Figure 4—Repeatability of S11: Instrumentation grade 1.85 mm connector pair

A potentially more descriptive methodology to describe both connector repeatability and reproducibility 
is described in IEEE Std 287.3™-2021 Clause 5 [B18]. In that statistical procedure, variability between 
physically different connectors and connections to different test ports is also included.

3.4 Shielding effectiveness

Three methods are presented for the shielding effectiveness (SE) measurement of a coaxial connector, and are 
listed as follows:

— The traditional triaxial test fixture

— The mode-stirred method

— The broadband terminated fixture

3.4.1 Triaxial method

Figure 5 is a diagram of a test fixture that is used in the triaxial technique (see Dimitrios [B5] and Zorzy and 
Muehlberger [B53]). The test fixture is a segment of a coaxial transmission line surrounded by an outer tubular 
conductor, which externally forms a second coaxial system that is normally configured for a characteristic 
impedance of 50 Ω. This implies for each connector and cable size measured that a new test fixture has to be 
designed and configured to maintain a constant 50 Ω characteristic impedance throughout the test fixture and 
reduce internal reflections that are a source of errors in the measured SE. The excitation of the outer coaxial 
line is believed to be principally transverse electromagnetic, although it is possible for higher order modes 
to exist, depending on frequency. The wavelength at the operating frequency shall be greater than the mean 
circumference of the coaxial system to prevent propagation of higher order modes that can add uncertainty to 
the measurement.
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Figure 5—Triaxial test fixture

The second external coaxial system in Figure 5 is terminated at one end in a sliding short circuit and at the 
other tapered transition in a matched detector. The sliding short circuit is positioned to produce a maximum 
indication at the detector for each test frequency measured. Positioning of the sliding short circuit shall exceed 
a half-Wavelength between the short circuit and the connector pair under test. On a connector assembly that is 
properly mounted on semi-rigid cables or airlines, there are three possible leakage areas: the region around the 
mating face and locking mechanism of the connector, plus the two regions where the connector is attached to 
the cable or airline.

The SE of the connector pair under test is determined by establishing as a reference and measuring the total 
applied power P1 that is fed through the inner coaxial line. Next the power P2 leakage through the connector 
pair into the outer coaxial structure is maximized at the detector by the sliding short circuit and measured. 
The SE of the connector pair in decibels is determined using the following equation (see also Zorzy and 
Muehlberger [B53]).

SE =10 10
1

2

log
P
P

 (1)

3.4.2 Mode-stirred method

Figure 6 presents a diagram of a mode-stirred test system as specified in accordance with Method 3008 of 
MIL-STD-1344A [B32]. The test chamber is essentially a low-loss shielded enclosure that includes an input 
antenna, a reference antenna, and a mode stirrer. Testing is conducted inside the test chamber whose smallest 
dimension is at least three wavelengths at the lowest test frequency to help ensure an ample mode density, 
which is a necessary condition of the validity of the mode-stirred technique (see Crawford and Koepke 
[B4], Jesch [B20], and Staeger and Bolinger [B45]). In addition, the minimum distance between the DUT 
and the chamber walls is at least one wavelength at the lowest test frequency to maintain a uniform electric 
field throughout the chamber. The chamber is excited by an input antenna provided by a line wire mounted 
parallel to the chamber walls. To reduce reflections, impedance matching tapers are used at both ends of the 
antenna. One end of the antenna is terminated in 50 Ω, whereas the other end is connected to the signal source. 
A reference antenna of the same length as the input antenna is mounted on the opposite wall with one end 
connected to a receiver and the other terminated into 50 Ω through impedance matching tapers.
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Figure 6—Diagram of mode-stirred test systems from MIL-STD-1344A [B32]

The mode-stirrer, typically a paddle wheel tuner, which, when rotated, serves to randomize the multimode 
electromagnetic fields existing inside the test chamber by significantly altering the complex standing wave 
patterns. Rotation of the mode-stirrer changes the relative amplitude of the modes, and it is intended to help 
ensure that the field at any point is uniform on a time-averaged basis.

The mode-stirred chamber as specified in MIL-STD-1344A [B32] was intended for use to 10 GHz. Substituting 
horn antennas for the wire style extends the frequency range.

To measure the SE of the connector pair under test (DUT ), the power P1 is fed through the input antenna and 
received by the reference antenna to establish a reference level. Next the power P2 leaking into the DUT is 
measured. The SE of the DUT is determined by taking the 10 log10 ratio of the averages (P1 and P2) over one 
rotation of the mode-stirrer.

3.4.3 Broadband terminated fixture

This broadband fixture is triaxial with both the outer and the inner coaxial line terminated on both ends (see 
Crawford and Koepke [B4], IEC 61169-1-3 [B15], and Staeger and Bolinger [B45]). With this test setup as 
shown in Figure 7, cable and connector shielding effectiveness measurements over more than seven frequency 
decades can be performed. The setup permits measurement of directive effects, which occur on both cables 
and connectors due to several discrete leakage points. Wide dynamic range (up to 150 dB) is achieved by 
using a combination of synthesized signal generator, synthesized spectrum analyzer, or receiver and low noise 
preamplifier.
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Figure 7—Basic configuration for a broadband terminated fixture

The test connector pair is in the center of the inner connector for that coaxial system. The coupling to the inner 
coaxial system is measured.

The test configuration is shown in Figure 8 (see Kubota et al. [B21]). This covers the frequency ranges of 
1 kHz to 10 MHz and 10 MHz to 10 GHz.

Figure 8—Test configuration for a triaxial broadband fixture

The test source and leakage receiver should be chosen to measure attenuation up to 160 dB.

3.5 Direct-current contact resistance

Diagrams describing a measurement technique for low-level, direct-current contact resistance are shown in 
Figure 9 and Figure 10. The contact-resistance values to be reported are those of the inner-conductor and outer-
conductor joints, irrespective of the resistance of the conductor materials. Contacts should not be cleaned or 
conditioned prior to testing. For the outer conductor, the resistance of each connector body (AB and CD) is 
first determined as indicated in Figure 9(a). The standard conductive coupling mechanism is replaced with 
a nonconductive coupling with the connectors mated and tightened to the recommended torque. The overall 
resistance from end to end (A to D) is measured. Care shall be taken to make the probe connections in the same 
location and manner as Figure 9(a). The outer conductor contact resistance is the difference between these 
measurements [see Figure 9(b)].
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Figure 9—Outer conductor contact-resistance measurement method: (a) Initial 
measurement (single connector) and (b) final measurement (mated connector pair)

For the inner conductor, the contact resistance specified includes the resistance due to all moving contact 
parts. The initial measurements of the inner conductor resistance shall not include the resistance inherent in 
the moving parts. In the initial measurement, one probe is placed at the end of the contact that attaches to the 
precision line, whereas the other probe is placed at a point just behind the moving contacting parts. The final 
measurement is made from end to end of a mated pair of inner contacts assembled in the connector housings. 
The contact resistance is the difference between these measurements; see Figure 9(a) and Figure 9(b).

If points B and C are accessible in the mated connector, a single measurement for contact resistance is 
permitted.

The measurements can be made directly using a four-terminal ohmmeter (Kelvin Double Bridge) with thermal 
EMF compensation. A separate voltmeter and current source can also be used. In this case, each voltage is 
measured with equal magnitude positive and negative currents, and each result is as follows:

R
V V

IXX

positive negative
=

+

2
 (2)

With either method, the source should not exceed 100 mA and 20 mV open circuit (dry circuit).
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Figure 10—Inner conductor contact-resistance measurement method: (a) Initial 
measurement and (b) final measurement (mated contacts)

4. Recommended mechanical test procedures

4.1 Definition of mechanical parameters

4.1.1 Dimensional measurements

Measurement of dimensions that influence the characteristic impedance of an airline are as follows:

a) Outer conductor internal diameter

b) Inner conductor external diameter

c) Inner conductor to outer conductor eccentricity

4.1.2 Inner conductor axial force (only for hermaphroditic connectors)

Measurement of the range of axial force applied to the spring-loaded inner contact (collet) of a hermaphroditic 
connector to make it flush with the outer contact (reference plane).

4.1.3 Inner conductor protrusion (only for hermaphroditic connectors)

Measurement of the range of protrusion of the spring-loaded inner contact of a hermaphroditic connector 
beyond the reference plane before mating.
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4.1.4 Inner conductor axial displacement (only for hermaphroditic connectors)

Measurement of the maximum axial displacement of the spring-loaded inner contact of a hermaphroditic 
connector resulting from the application of a specified axial force for a given duration.

4.1.5 Maximum insertion and withdrawal forces

Measurement of the maximum insertion and withdrawal forces of a socket inner conductor of a polarized 
connector when a standard test pin is inserted and withdrawn at the specified rate to the specified depth.

4.1.6 Displacement due to insertion and withdrawal force

Measurement of the maximum temporary, as well as the resulting permanent, displacement of a socket inner 
conductor as a result of the maximum insertion and withdrawal forces as measured in 4.1.5.

4.1.7 Minimum withdrawal force

Measurement of the minimum axial withdrawal force of a polarized socket inner conductor when mated with a 
standard test pin as specified in the detail specifications.

4.1.8 Angular deflection

Measurement of the angular deflection of both hermaphroditic and polarized connector inner conductors when 
a specified torque is applied. This torque is to be referred to the center of the dielectric support, and it shall be 
applied to the rear of the dielectric support.

4.1.9 Connect/disconnect life

Measurement of the connect/disconnect life of a connector pair is specified in the detail specifications.

4.1.10 Measurement uncertainties

Regardless of the measurement method chosen, the uncertainty of the method should be low enough to provide 
satisfactory results. Good measurement practices dictate that the ratio of tolerance to measurement uncertainty 
be at least 4 to 1. For example, if one were measuring a diameter with a tolerance of ±0.01 mm, the uncertainty 
of the measurement tool should be no more than ±0.0025 mm.

4.2 Procedures for recommended mechanical tests

4.2.1 Measurement of dimensions that influence the characteristic impedance of an airline

Three main dimensions affect the characteristic impedance of an airline; the internal diameter of the outer 
conductor, the external diameter of the inner conductor, and the eccentricity of the two relative to each other.

4.2.1.1 Measurement of outer conductor internal diameter

Many methods can be used to measure the diameter of an internal bore. These methods fall into two categories: 
contacting and non-contacting measurements. An example of a contacting measurement would be a plug 
gauge. An example of a non-contacting measurement would be an air gauge. For tolerances shown in the detail 
specifications, the use of a contacting measurement is not recommended. A properly implemented air gauge 
measurement is considered the best functional inspection of bore diameters for microwave purposes.

Figure 11 shows a cross-sectional drawing of an outer conductor being measured with the probe of an air 
gauge.
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Figure 11—Air gauge for measurement of an internal diameter

Air gauges, when calibrated with the highest grade of standards, can achieve measurement uncertainties on 
the order of 0.5 μm. The calibration standards chosen should be of the highest quality affordable and should 
be directly traceable to the National Institute of Standards and Technology (NIST ) (see Sherwood [B41]) or 
other national standards laboratories as appropriate (see Sherwood [B42]). The gauge should be calibrated 
frequently, and proper techniques, as dictated by the gauge manufacturer, should be followed.

To achieve the lowest possible uncertainty, multiple measurements along the bore should be made. Proper 
fixation of the test piece is a must. Temperature effects should also be considered. It is recommended that the 
test piece “soak” in the same temperature environment as the gauge to allow its temperature to match that of 
the environment.

Air gauging has some limitations, the largest of which is that the air gauge cannot measure the diameter of the 
part right up to the end of the bore. Since the gauge works on a back-pressure principle, the gauge requires 
a minimum length of bore to achieve accurate results. If the air gauge is used to measure up to the end of a 
bore, air will begin to leak out of the bore and an error in the measurement will be introduced. Other methods 
shall be used to determine that the end of the bore meets its dimensional requirements. One method that is 
commonly used is a coordinate measurement machine (CMM).

4.2.1.2 Measurement of inner conductor external diameter

The recommended method for measuring the outer diameter of an inner conductor is to use a laser micrometer; 
one such gauge is shown in Figure 12. The laser micrometer provides a non-contacting measurement.

Figure 12—Laser scanner/Laser micrometer
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Unlike a standard micrometer, nothing other than the beam of light touches the part. A laser micrometer has 
a beam that is on the order of 0.1 mm wide. The beam, which has a horizontal axis, is continuously swept in a 
vertical direction by a system of spinning mirrors. When a part is placed in the beam to be measured, it blocks 
the beam. The gauge has the capability of converting the time the beam is blocked into a dimensional reading 
of the diameter of the part.

Another method that is commonly used to measure inner conductor diameters is an air gauge for external 
diameters. Instead of a probe, the tip is an annular ring that fits over the outside of the inner conductor. 
Figure 13 shows this device.

Figure 13—Air gauge for measurement of an external diameter

Measurement uncertainties on the order of 0.5 μm can be achieved by either method. The part should be 
rotated as the diameter is being measured. As in the case of the air gauge for internal diameters, multiple 
measurements along the length of the part should be taken.

The best results will be achieved with the highest level of calibration standards. These standards should be 
directly traceable to the NIST (see Sherwood [B41]) or other national standards laboratories as appropriate, 
and should be of the highest quality affordable (see Sherwood [B42] and Wong [B50]). The gauge should be 
calibrated frequently and by proper techniques, as dictated by the gauge manufacturer, should be followed.

Neither the air gauge nor the laser micrometer can measure the form of the parts. The form should be measured 
on a good roundness spindle.

4.2.1.3 Measurement of inner to outer conductor eccentricity

Eccentricity can have both a mechanical and an electrical effect on the performance of the connector. 
Mechanically, if the inner and outer conductors are out of eccentricity specification, damage may occur when 
connectors are mated to one another. On the other hand, electrically, the eccentricity can cause an error in the 
characteristic impedance of the connector leading to an unwanted reflection.

There are two optical methods to measure the eccentricity of the inner to outer conductor at the reference 
plane—a tool maker’s microscope or an optical comparator. This measurement would help to prevent 
mechanical damage to the connector pairs since it checks eccentricity at the reference plane only, not down 
inside the connector. It is helpful if the measurement equipment used is coupled with a controller so that the 
operator can be assisted in making the measurement.
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4.2.1.4 Determining characteristic impedance

For air-spaced coaxial lines where the skin depth is insignificant compared to the radius of the inner conductor, 
which is typically the case at radio frequencies, the characteristic impedance can be calculated by the following 
equation:
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where

μ0 is the permeability of free-space (approximately 4π∙10−7 V s A−1 m−1)
μr is the relative permeability of air (approximately 1)
ε0 is the permittivity of free-space (approximately 8.854∙10−12 A s V−1 m−1)
εr is the relative permittivity of air (approximately 1.000649 for 50% RH, 101.3 kPa, and 23 °C)
D is the outer conductor internal diameter
d is the inner conductor external diameter

A parallelly displaced inner conductor reduces the characteristic impedance to:
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where

e is the inner conductor’s displacement from the centerline

4.2.2 Inner conductor axial force (only for hermaphroditic connectors)

Figure 14—Fixture for measuring the force applied to the inner conductor of a 
hermaphroditic connector (F denotes the dial of a force gauge)

Fixture design: Figure 14 shows one possible solution to this measurement problem. There are three main 
components to this fixture: the connector retainer, the force gauge, and the parts that hold the connector 
together. The connector retainer should be designed so that different connectors may be tested with the fixture. 
The force gauge is mounted in a horizontal manner on a slide mechanism.
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Provisions are made for a linear micrometer; this would be used to both move the force gauge horizontally 
and allow the measurement of its axial position. The tip of the force gauge is designed so that it abuts the outer 
conductor reference plane when the collet is fully compressed.

Fixture use: After the connector is clamped into the holding fixture, slowly bring the force gauge forward 
toward the connector using the micrometer adjustment. Once the tip of the force gauge contacts the collet, 
stop and make note of the reading on the micrometer, as well as any force showing up on the gauge. Using the 
micrometer, continue moving the force gauge toward the connector and, thereby, compress the collet.

Using small increments on the micrometer, such as 0.005 mm, take note of the force versus distance as the 
collet is compressed. Continue to compress the collet until the tip of the force gauge hits the outer conductor 
reference plane of the connector. A simple electrical continuity setup can be attached to the fixture to tell when 
the tip of the force gauge hits the connector outer conductor reference plane. Plot the data in a graph of force 
versus distance. This graph will show the force required to compress the collet to the point where it is coplanar 
with the outer conductor reference plane.

4.2.3 Inner conductor protrusion (only for hermaphroditic connectors)

One way this measurement could be made is with an optical method such as a shadow-graph or optical 
comparator. The connector could be held in place, with its outer coupling mechanism removed, and measured 
in side view. This method has been used; however, care shall be taken to properly align the connector before 
measurement. Any non-perpendicularity of the connector relative to the lens will cause an error in the 
measurement. With an optical method, it is sometimes difficult to properly focus on the surface from which the 
measurements shall be taken.

A mechanical method may also be used to make this same measurement.

Figure 15—Fixture for measuring the protrusion of a hermaphroditic connector's collet (L 
denotes the dial of a length gauge)

Fixture design: Figure 15 shows one possible configuration for a fixture to make this measurement. The fixture 
should have an interchangeable method for holding the connector to be tested. This interchangeable holding 
method would allow different connectors to be tested in the same fixture. A linear height gauge should be 
mounted horizontally on a sliding mechanism. The sliding mechanism would be used to take up any large 
excesses in position of the end of the gauge relative to the connector collet being measured. The gauge should 
have an electrical continuity system that would allow the user to know exactly when contact has been made to 
the connector.

Fixture use: Install the assembled connector into the holding fixture. Bring the linear gauge up into contact 
with the outer conductor reference plane and zero the gauge. Slide the gauge back and align the tip up with 
the collet. Slowly let the gauge tip move toward the collet until the continuity occurs. Record the length 
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measurement at the exact point where electrical continuity is achieved between the collet and the tip of the 
gauge.

4.2.4 Range of recession of contact on polarized connectors

The most established method of measuring the relative position of the inner conductor to the mechanical 
reference-plane of the outer conductor is a hand-held measuring device shown in Figure 16.

Figure 16—Device for measuring recession of the inner conductor of a polarized connector 
(L denotes the dial of a length gauge)

A linear length gauge is used that has a connection similar to the counterpart of the connector to be measured. 
The outer conductor of the connector stops at the reference plane of the gauge. The tip of the gauge will stop 
at the inner conductor end face of the connector. The gauge for a male connector has to have a bore for the 
inner conductor pin. Before measurement the height gauge should be zeroed with a calibration block which 
basically is a cylinder with a plane face. The flatness of the calibration block must be sufficiently small to 
achieve the desired measurement uncertainty of approx. ± 1 µm.

For highest accuracy and repeatability of this gauging it is necessary to use a screw-on type gauge.

The nut of this gauge (or the nut of the DUT in case of a male-type) has to be screwed on with the torque 
specified in the relevant connector annex of IEEE Std 287.1- 2021 [B17].

Also, an optical method is possible, for example using a white light fringe measuring device.
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4.2.5 Inner conductor axial displacement

Figure 17—Fixture to measure inner conductor deflection under a specified load (F and L 
denote the dial of a force and length gauge, respectively)

Fixture design: Figure 17 shows one possible solution to this measurement problem. The fixture has a method 
of holding the connector that is identical to the fixture shown in Figure 14. The fixture also has means for 
holding both a force and a length gauge horizontally on either end of the connector assembly. The connector 
holding block is movable horizontally so that the connector may be brought into contact with the length gauge. 
The force gauge can also move horizontally so that the axial force applied to the inner conductor can be varied 
for each connector to be tested. The force and length gauges also have interchangeable end tips that can be 
used depending on which connector is being tested. The length gauge may be a horizontally mounted height 
gauge. The length gauge shall have a very small spring force; it should be small enough so that it does not 
affect the results of this test. The fixture itself can be used to measure the distance gauge’s axial force.

Fixture use: Once the connector is assembled, it is clamped into the fixture. The length gauge is brought into 
contact with the back of the connector’s inner conductor. Again, this gauge shall have a very small spring force 
so that it will not affect the force setting. The gauge is zeroed once it makes contact with the inner conductor. 
Next, the force gauge is brought into contact with the front of the inner conductor. Slowly the force gauge is 
advanced toward the connector until it is applying the specified amount of axial force to the inner conductor. 
The fixture is left in this condition for the specified amount of time. At the end of this time, the length is noted. 
Next, the force is removed by backing off the force gauge. When the force is completely removed, the length 
is noted again.

4.2.6 Maximum insertion and withdrawal forces

This test provides a measurement of the maximum insertion and withdrawal force of a socket inner conductor 
of a polarized connector when a standard test pin is inserted and withdrawn at the specified rate to the specified 
depth.
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Figure 18—Insertion/withdrawal force measurement fixture (F denotes the dial of a force 
gauge)

Fixture design: This test requires a fixture that can insert a standard test pin into a socket inner conductor 
contact at a specified rate.

Figure 18 shows one possible design for a fixture to perform this test. The fixture consists of two main parts: 
the force gauge with drive mechanism and the inner conductor holding collet. The force gauge is mounted 
in a horizontal direction on a slide that can be driven at different linear rates. The slide mechanism needs to 
have an adjustable rate so that the fixture can be used to test different connectors. The holding collet should 
be designed so that it will hold any inner conductor size that needs to be tested. An adjustable stop should be 
provided so that different depths of penetration can be set on the test pin.

Fixture use: Start by loading the proper size collet into the inner conductor holding mechanism. Load the 
inner conductor to be tested into the collet and tighten to secure it. Load the proper test pin for the test being 
conducted into the force gauge. Slide the gauge with test pin up to the inner conductor and adjust the alignment 
of the two halves of the fixture. Set the adjustable insertion rate at the specified rate for the connector inner 
conductor being tested. Adjust the stop mechanism to the proper depth of penetration, as dictated in the detail 
specifications given in IEEE Std 287.1-2021 [B17]. Start the test pin moving toward the inner conductor and 
record the insertion force while the pin is going into the socket inner conductor. Note the force as the pin is 
being withdrawn as well.

Figure 19—Insertion/withdrawal force measurement using a tension/compression testing 
machine



IEEE Std 287.2-2021
IEEE Recommended Practice for Precision Coaxial Connectors at RF, Microwave, 

and Millimeter-Wave Frequencies—Part 2: Test Procedures

29
Copyright © 2022 IEEE. All rights reserved.

As an alternative, a tension/compression testing machine (for example, as shown in Figure 19) can be used to 
get a force deflection graph of the insertion and withdrawal force of a connection.

4.2.7 Displacement due to insertion and withdrawal force

This test provides a measurement of the maximum temporary, as well as resulting permanent, displacement of 
the socket inner conductor as a result of the maximum insertion and withdrawal forces as measured in 4.2.4. 
Refer to 4.2.4 for the design and use of the fixture shown in Figure 17. The same fixture will work for this test.

It is also possible to use a tension/compression testing machine shown in Figure 19 for this test.

4.2.8 Minimum withdrawal force

This test provides a measurement of the minimum axial withdrawal force of a socket inner conductor when 
mated with a standard test pin as specified in the detail specifications given in IEEE Std 287.1-2021 [B17].

Refer to 4.2.5 for the design and use of the fixture shown in Figure 17. The same fixture will work for this test. 
The main difference in this test will be that the dimensions of the test pin used will change; these dimensions 
will be specified in the detail specifications given in IEEE Std 287.1-2021 [B17] for the connector being tested.

4.2.9 Angular deflection

This test provides a measurement of the angular deflection of both hermaphroditic and polarized connector 
inner conductors when a specified torque is applied. This torque is to be referred to the center of the dielectric 
support, and it shall be applied to the rear of the dielectric support.

Figure 20—Fixture to measure angular deflection as a result of a specified torque  
(F denotes the dial of a force gauge)
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Fixture design: This fixture shall be capable of applying a variable torque to the inner conductor of a connector 
while, at the same time, measuring the resulting angular deflection of the inner conductor.

Figure 20 suggests a design that may be used to perform this test. A holding mechanism, which is the same as 
in the fixtures described above, can be used on this fixture. This mechanism should be capable of holding any 
of the connectors that shall be tested. A force gauge is mounted with a method of moving it perpendicular to 
the inner conductor. By moving the force gauge toward the inner conductor, the torque that is applied to the 
connector can be increased. If a known length is used for the component that is connected to the back of the 
inner conductor, the torque can be easily calculated using the following formula:

Torque = Force  Length´  (5)

The outer conductor of the connector shall be modified to allow for the measurement of the deflection of the 
inner conductor. Since an optical method will be used to measure the deflection, the outer conductor shall 
be sectioned to allow sighting down into the connector to the inner conductor. A section of 45° should be 
sufficient to allow seeing down inside the connector. The remaining portion of the outer conductor will be 
strong enough to hold the bead ring assembly.

Fixture use: First, assemble the connector to be tested, attach the torque rod to the back of the inner conductor, 
and tighten around the bead. Place the inner conductor assembly into the connector body, and tighten it using 
the locking piece. Mount the entire connector assembly into the holding fixture. Place the entire fixture on the 
bed of an optical comparator. Align the axis of the comparator with the centerline of the inner conductor. Bring 
the force gauge up into contact with the torque arm. Apply the correct amount of force to establish the specified 
torque at the center of the bead. Using the comparator, measure the angular deflection of the inner conductor 
under the specified torque value.

Also, it is possible to use a tension/compression testing machine for this test.

4.2.10 Connect/disconnect life

Use the following test for the determination of connect/disconnect life as specified in the detail specifications 
in IEEE Std 287.1-2021 [B17].

This test is most easily performed by mounting a pluggable pair of connectors (e.g., pin and socket) on airlines. 
Begin by measuring the following:

S S argS S S11 21 21 11 21, ,  , repeatability , repeatability , ∆ ∆ aand repeatability ∆argS21

See 3.2.4 in IEEE Std 287.1-2021 [B17] for a basic definition of Δ|S11|, Δ|S21| and ΔargS21. See Clause 5 in 
IEEE Std 287.3-2021 [B18] for a more detailed definition.

Mount one airline in a fixture or otherwise clamp so that it is held rigidly. For pin/socket combinations, 
the socket half of the pair preferably is held rigid. Connect the second airline to the first airline such that 
the connectors to be exposed are connected together by hand. With a torque wrench, tighten the coupling 
mechanism to the specified torque. With the torque wrench, unscrew the coupling mechanism such that the 
disconnect can be performed by hand. Completely disconnect the connectors. This constitutes one cycle. 
A random rotational position should be allowed to simulate real-life conditions. This will minimize wear 
patterns on the mating contacts.

Nonabrasive cleaning is permitted every 10 cycles.

At the completion of the specified number of cycles, repeat the electrical tests as above.
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