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Abstract: The P287 series of documents presents the combined efforts of IEEE P287 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. 

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

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 & 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. 

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

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. 

 
3 Available at: https://ieeexplore.ieee.org/browse/standards/collection/ieee. 
4 Available at: https://standards.ieee.org/standard/index.html. 

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://ieeexplore.ieee.org/browse/standards/collection/ieee
https://standards.ieee.org/standard/index.html
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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 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. 

 
5 Available at: https://standards.ieee.org/about/sasb/patcom/materials.html. 

https://standards.ieee.org/about/sasb/patcom/materials.html
https://standards.ieee.org/about/sasb/patcom/patents.html
https://standards.ieee.org/about/sasb/patcom/materials.html
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Introduction 

This introduction is not part of IEEE Std 287.3-2021, IEEE Recommended Practice for Precision Coaxial Connectors at 
RF, Microwave, and Millimeteter-wave Frequencies-Part 3: Connector Effects, Uncertainty Specifications, and 
Recommendations for Performance. 

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 to include drawings, 
mechanical and electrical tests, and include 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™-2021 contains the specifications for all of the included coaxial connector types.  IEEE Std 
287.2™-2021 is a recommended practice 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™-2021 (this document), is a 
recommended practice guide that contains a set of guidelines, practices, and information that should be 
useful to users of coaxial connectors. 

The work in Clause 3 of this document, “Connector effects,” was funded through the European Metrology 
Research Programme (EMRP) Project SIB62 “Metrology for New Electrical Measurement Quantities in 
High-Frequency circuits.” The EMRP is jointly funded by the EMRP participating countries within 
EURAMET and the European Union. 

There are many different guides about the care and use of microwave connectors.  The authors of Clause 4 
of this document, “Connector care and handling guide,” would especially like to acknowledge the guides 
from Keysight Technologies [B25] and The Rohde & Schwarz Co. [B37].   
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IEEE Recommended Practice for 
Precision Coaxial Connectors at RF, 
Microwave, and Millimeteter-wave 
Frequencies-Part 3: Connector Effects, 
Uncertainty Specifications, and 
Recommendations for Performance 

1. Overview 

1.1 Scope 

This recommended practice provides supplementary information that enhances the user’s knowledge and 
promotes the proper use of precision coaxial connectors. 

1.2 Purpose 

The purpose of this recommended practice is to present information and tools that will inform coaxial 
connector users and will enhance users’ use of coaxial connectors at RF, microwave, and millimeter-wave 
frequencies. Included is the latest research on the effects seen when connecting coaxial connectors together, 
a scheme for color coding different sizes of coaxial connectors, guidance for the care and handling of 
coaxial connectors, and details of how software can be used for looking at the effects and uncertainties 
encountered when connecting different tolerance connectors together. 

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).1,2 

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

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.  
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3. Connector effect 

3.1 Introduction 

Comprehensive work on the SI traceability of S-parameter measurements (see Hoffman et al. [B34]) in the 
coaxial line system has led to the realization that the mechanical discontinuities introduced by the coaxial 
connector have a non-negligible influence on electrical properties.  Therefore, it is necessary to include the 
connector in the characterization of vector network analyzer (VNA) calibration standards (see Hoffman et 
al. [B16]). Typical changes in S-parameters, which result from this consideration are, as an example, |ΔS11| 
= 0.01…0.02 for female device under tests (DUTs) in the 2.4 mm line system. Neglecting the connectors of 
the standards has different impact for male and female DUTs. Male DUTs are less influenced because the 
reflection of the male part of the connector is lower than that of the female part. In general, it can be stated 
that the assumption of ideal connectors for calibration standards leads to inconsistent definitions of 
measurement reference planes and thus to degraded accuracy in measurements. It has further been found 
that the pin gap, inherent to sexed coaxial connectors, shows unpredictable behavior due to resonant effects 
when it has become too small (see Hoffman, Leuchtmann, and Vahldieck [B17]). This is in contradiction to 
the previously established belief that a connection should be as flush as possible. It is therefore expected 
that in future revisions of this recommended practice the acceptable range of pin depth will be changed in 
such a way that too small pin gaps are no longer acceptable. See 3.5 for an explanation. 

As an example: The air-dielectric line, which is considered as a golden standard among coaxial VNA 
calibration standards, has a center conductor that is not kept at a fixed position by a supporting bead in 
order to make the line section calculable from the diameter profiles. The center conductor has thus a 
variability in the longitudinal position, resulting in arbitrary pin gaps at the connections on both sides. Air-
dielectric lines have been used to establish S-parameter traceability and to calculate uncertainties associated 
with S-parameters (with the so-called Ripple Method, see EURAMET [B8]) and the assumption was 
usually that the connectors are ideal. From today’s point of view, air-dielectric lines without a support bead 
are unstable (see Wong and Hoffman [B26]) and are only suitable as standards when additional measures 
(see Hoffman et al. [B15]) are taken to control the position of the center conductor. And even then, it is 
necessary to include the connector in the characterization of the standard. 

Coaxial connectors of primary measurement standards, i.e., calculable standards, which are used to 
establish traceability to SI units, can be taken into account by mechanically parametrizing them and 
performing electromagnetic field simulations on them. In 3.2 through 3.5, the mechanical parametrization 
for a subset of the coaxial connectors covered by IEEE Std 287.1™-2021 [B21] are given. Results of 
calculations of reflection and transmission coefficients of connector pairs based on typical values for the 
geometry parameters are shown. Furthermore, sensitivity coefficients of reflection and transmission 
coefficients with respect to the geometry parameters are displayed, and, finally, minimal pin gap 
requirements are discussed. 

Please refer to Annex A references Zeier et al. [B34]; Hoffman et al. [B16]; Hoffman, Leuchtmann, and 
Vahldieck [B17]; Wong and Hoffman [B26]; EURAMET [B8]; and Hoffmann et al. [B15] for the 
references that are specific to Clause 3.  
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3.2 Connector parametrization 

Mechanical models of slotless and slotted connectors are shown in Figure 1 through Figure 7. 

3.2.1 Model of the slotless connector 

Geometries of the male and female part of a slotless coaxial connector are shown in Figure 1 and Figure 2, 
respectively. The assembled slotless connector pair is shown in Figure 3. 

 
Figure 1 —Male part of the connector 

 

The various chamfers are unavoidable machining artifacts. As given in Figure 1 the following dimensions 
are used to characterize the male connector: 

 d1: Diameter of male center conductor 

 mo: Male outer chamfer 

 mi: Male inner chamfer 

 pd: Pin diameter 
 

The female slotless connector, Figure 2, can be characterized by the following dimensions: 

 fo: Female outer chamfer 

 fi: Female inner chamfer 

 dh: Hole diameter 

 hl: Hole length 

 d2: Female center conductor diameter 
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Figure 2 —Cross-section of the female slotless connector 

 

A slotless connector, which is assembled, is depicted in Figure 3.  

 
Figure 3 —Cross-section of the assembled slotless connector 

 

The assembly of a male and female slotless connector (Figure 3) yields two additional geometry variables 
as follows: 

 pg:Pin gap 

 do: Diameter of outer conductor 
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3.2.2 Model of the slotted connector 

The male slotted connector is identical to the slotless version (Figure 1) with the same dimensions. 

The geometry of a slotted female connector is more complicated. A very intuitive way to define the 
dimensions of such a connector is to specify the production process. The first step for the production of the 
female slotted contact is to lathe a profile on the center conductor. Then the hole for the male pin is drilled 
and the inner and outer chamfers are made (see Figure 4).  

 
Figure 4 —Cross-section of the slotted contact before slotting 

 

In Figure 4 the following variables are defined: 

 sl: Slot length 

 fo: Female outer chamfer 

 fi: Female inner chamfer 

 dh: Hole diameter 

 umfd(n): Uncompressed mid finger diameter 

Note that an arbitrary number of uncompressed mid finger diameters can be used to describe the lathed 
profile. The distance between the length locations of the diameters is constant. As a next step the slots are 
cut. This introduces a new geometry variable as follows (see Figure 5):  

 sw : Slot width 
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Figure 5 —Front view of contact fingers after drilling and slotting 

 

Then the fingers are bent towards the center. In Figure 6 a lateral cut through the slotted section with an 
inserted male pin is shown. 

 
Figure 6 —Lateral cut through the slotted section 

 

The bending process can be characterized by two variables as follows: 

 cmfd(n): Compressed mid finger diameter 

 do(n): Outer diameter 

Note that all geometry variables, which are indexed with (n), are meant as a list of values describing the 
longitudinal geometry profile. Depending on the size of the connector, a step width of 100 µm or smaller is 
chosen for these parameters, i.e., a slotted section with a length of 1 mm would be described by diameter 
profiles, each consisting of 11 or more values. 

Assembling the slotted connector yields two additional variables as follows (see Figure 7): 

 pg : Pin gap 

 do: Diameter of outer conductor 
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Note that do(n) refers to the diameter of the outer conductor at the longitudinal location n in the slotted 
section, whereas do refers to the diameter of the outer conductors between the outer edge of the outer 
female chamfer and the outer edge of the outer male chamfer. 

 
Figure 7 —Cross section of the slotted connector 

3.2.3 Typical parameters and uncertainties of slotless connectors 

In Table 1 through Table 6 typical values and associated measurement uncertainties (with a coverage factor 
of k = 2) of the mechanical parametrization of the slotless connectors Type-N 50 Ω, 3.5 mm, and 2.4 mm 
are listed. Electromagnetic simulations were carried out using a frequency grid of 100 MHz, e.g., a 
connector with recommended upper operating frequency 18 GHz will have 180 points. The conductivity of 
metal is assumed as infinite and the dielectric is assumed to be vacuum. Hermaphroditic and some pin and 
socket connectors are not listed here. The hermaphroditic connectors are mostly used for low frequencies; 
thus modelling is not very crucial, and secondly they are difficult to model because of the hermaphroditic 
contact. The data given for pin and socket connectors is meant as a reference for characterizing connectors 
by electromagnetic simulation. Thus, the dimensions shown in Table 1 through Table 3and S-parameters 
can be used to test electromagnetic simulation programs. The listed S-parameters are a result of the given 
set of geometry parameters, other parameters would yield other results. For that reason, examples are given 
only for the most often used connectors. Once an electromagnetic simulation technique is validated with 
the examples given here, it can be applied to other pin and socket connectors with good confidence. 
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3.2.3.1 Type-N 50 Ω connector 

The recommended upper operating frequency of the Type-N 50 Ω connector is 18 GHz. 

Table 1 — Typical parameter values for the Type-N 50 Ω connector 
Parameter Value Uncertainty 

pg 15 µm 3 µm 
mi 15 µm 5 µm 
mo 15 µm 5 µm 
fi 50 µm 5 µm 
fo 15 µm 5 µm 
hl 150 µm 10 µm 
dh 1.69 mm 1 µm 
pd 1.651 mm 1 µm 
d1 3.04 mm 1 µm 
do 7 mm 1 µm 
d2 3.04 mm 1 µm 

3.2.3.2 3.5 mm connector 

The recommended upper operating frequency of the 3.5 mm connector is 33 GHz. 

Table 2 — Typical parameter values for the 3.5 mm connector 
Parameter Value Uncertainty 

pg 15 µm 3 µm 
mi 15 µm 5 µm 
mo 15 µm 5 µm 
fi 50 µm 5 µm 
fo 15 µm 5 µm 
hl 150 µm 10 µm 
dh 950 µm 1 µm 
pd 930 µm 1 µm 
d1 1.52 mm 1 µm 
do 3.5 mm 1 µm 
d2 1.52 mm 1 µm 
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3.2.3.3 2.4 mm connector 

The recommended upper operating frequency of the 2.4 mm connector is 50 GHz. 

Table 3 —Typical parameter values for the 2.4 mm connector 
Parameter Value Uncertainty 

pg 15 µm 3 µm 
mi 15 µm 5 µm 
mo 15 µm 5 µm 
fi 50 µm 5 µm 
fo 15 µm 5 µm 
hl 150 µm 10 µm 
dh 530 µm 1 µm 
pd 511 µm 1 µm 
d1 1.0423 mm 1 µm 
do 2.4 mm 1 µm 
d2 1.0423 mm 1 µm 

3.2.4 Typical parameters and uncertainties of slotted connectors 

Table 4 and Table 5 list values and associated measurement uncertainties (k=2) of the mechanical 
parametrization of the slotted connectors 2.92 mm, 1.85 mm, and 1 mm.   It is assumed that the profile 
between µmfd(1) and µmfd(N) is straight, i.e., a linear decrease or increase of diameter with respect to z-
position. Additionally, it is assumed that the profile between cmfd(1) and cmfd(N) is straight as well. There 
are always four slots in the slotted female contact. Electromagnetic simulations were carried out using a  
frequency grid of 100 MHz (e.g., a connector with maximum operating frequency 40 GHz will have 400 
points). The conductivity of metal is assumed as infinite and the dielectric is assumed to be vacuum. 

3.2.4.1 2.92 mm connector 

The recommended upper operating frequency of the 2.92 mm connector is 40 GHz. 

Table 4 —Typical parameter values for the 2.92 mm connector  
Parameter Value Uncertainty 

pg 15 µm 3 µm 
mi 15 µm 5 µm 
mo 15 µm 5 µm 
fi 50 µm 5 µm 
fo 15 µm 5 µm 
sl 2.5 mm 50 µm 
sw 100 µm 5 µm 
pd 930 µm 1 µm 
dh 950 µm 1 µm 
d1 1.27 mm 1 µm 
do 2.92 mm 1 µm 

cmfd(1) 1.27 mm 1 µm 
cmfd(N) 1.32 mm 1 µm 

The recommended upper operating frequency of the 1.85 mm connector is 65 GHz.  



IEEE Std 287.3-2021 
IEEE Recommended Practice for Precision Coaxial Connectors at RF, Microwave, and Millimeteter-wave Frequencies-

Part 3: Connector Effects, Uncertainty Specifications, and Recommendations for Performance 

20 
Copyright © 2022 IEEE. All rights reserved. 

Table 5 —Typical parameter values for the 1.85 mm connector 
Parameter Value Uncertainty 

pg 15 µm 3 µm 
mi 15 µm 5 µm 
mo 15 µm 5 µm 
fi 50 µm 5 µm 
fo 15 µm 5 µm 
sl 1.5 mm 50 µm 
sw 100 µm 5 µm 
pd 511 µm 1 µm 
dh 530 µm 1 µm 
d1 803.6 µm 1 µm 
do 1.85 mm 1 µm 

cm f d(1) 803.6 µm 1 µm 
cm f d(N) 820 µm 1 µm 

3.2.4.2 1 mm connector 

The recommended upper operating frequency of the 1 mm connector is 110 GHz.  

Table 6 —Typical parameter values for the 1 mm connector 
Parameter Value Uncertainty 

pg 15 µm 5 µm 
mi 15 µm 5 µm 
mo 15 µm 5 µm 
fi 30 µm 5 µm 
fo 15 µm 5 µm 
sl 1 mm 50 µm 
sw 0.75 mm 10 µm 
pd 250 µm 1 µm 
dh 270 µm 1 µm 
d1 434 µm 1 µm 
do 1 mm 1 µm 

cmfd(1) 434 µm 1 µm 
cmfd(N) 450 µm 1 µm 

3.3 Reflection and transmission coefficients 

The calculated reflection and transmission coefficients of the previously defined connectors are plotted in 
Figure 8 through Figure 13. The respective reference planes are depicted in Figure 3 and Figure 7, labelled 
as Port 1 and Port 2. The plotted results refer to reflection at the port on the female side and transmission 
from the port on the female side to the male side. The link between trace and corresponding connector can 
be made by referring to the recommended upper  frequency of the connector. 
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Figure 8 —The magnitude of the reflection coefficient is plotted vs the frequency 

 

 

 
Figure 9 —The magnitude of the transmission coefficient is plotted vs the frequency 

 

 
Figure 10 —The phase of the reflection coefficient is plotted vs the frequency—only slotted 

connectors are considered in this plot 
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Figure 11 —The phase of the transmission coefficient is plotted vs the frequency—only slotted 

connectors are considered in this plot 
 

 
Figure 12 —The phase of the reflection coefficient is plotted vs the frequency—only slotless 

connectors are considered in this plot 
 

 
Figure 13 —The phase of the transmission coefficient is plotted vs the frequency—only slotless 

connectors are considered in this plot 
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3.4 Sensitivity coefficients 

The previously calculated reflection and transmission coefficients of connectors depend on the geometry 
and material parameters. As already mentioned, the material parameters are assumed to be ideal, i.e., the 
conductivity of metal is infinite, and the relative permeability and permittivity of all materials is one. The 
geometry parameters are specified with associated uncertainties. In the following analysis, the sensitivities 
of reflection and transmission with respect to these geometry parameters are discussed. Figure 14 through  
Figure 29 show sensitivities towards the geometry parameters pin gap, male outer chamfer, male inner 
chamfer, female outer chamfer, female inner chamfer, male center conductor diameter, hole diameter, and 
pin diameter. 

 
Figure 14 —The sensitivity of the complex reflection coefficient S11 to pin gap in µm is plotted 

for the previously calculated slotted and slotless connectors 
 

 

 
Figure 15 —The sensitivity of the complex transmission coefficient S21 to pin gap in µm is 

plotted for the previously calculated slotted and slotless connectors 
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Figure 16 —The sensitivity of the complex reflection coefficient S11 to male outer chamfer in 

µm is plotted for the previously calculated slotted and slotless connectors 
 

 
Figure 17 —The sensitivity of the complex transmission coefficient S21 to male outer chamfer 

in µm is plotted for the previously calculated slotted and slotless connectors 
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Figure 18 —The sensitivity of the complex reflection coefficient S11 to male inner chamfer in 

µm is plotted for the previously calculated slotted and slotless connectors 
 

 
Figure 19 —The sensitivity of the complex transmission coefficient S21 to male inner chamfer 

in µm is plotted for the previously calculated slotted and slotless connectors 
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Figure 20 —The sensitivity of the complex reflection coefficient S11 to female outer chamfer in 

µm is plotted for the previously calculated slotted and slotless connectors 
 

 
Figure 21 —The sensitivity of the complex transmission coefficient S21 to female outer chamfer 

in µm is plotted for the previously calculated slotted and slotless connectors 
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Figure 22 —The sensitivity of the complex reflection coefficient S11 to female inner chamfer in 

µm is plotted for the previously calculated slotted and slotless connectors 
 

 
Figure 23 —The sensitivity of the complex transmission coefficient S21 to female inner chamfer 

in µm is plotted for the previously calculated slotted and slotless connectors 
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Figure 24 —The sensitivity of the complex reflection coefficient S11 to male center conductor 

diameter in µm is plotted for the previously calculated slotted and slotless connectors 
 

 
Figure 25 —The sensitivity of the complex transmission coefficient S21 to male center 

conductor diameter in µm is plotted for the previously calculated slotted and slotless 
connectors 
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Figure 26 —The sensitivity of the complex reflection coefficient S11 to hole diameter in µm is 

plotted for the previously calculated slotted and slotless connectors 
 

 
Figure 27 —The sensitivity of the complex transmission coefficient S21 to hole diameter in µm 

is plotted for the previously calculated slotted and slotless connectors 
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Figure 28 —The sensitivity of the complex reflection coefficient S11 to male pin diameter in µm 

is plotted for the previously calculated slotted and slotless connectors 
 

 
Figure 29 —The sensitivity of the complex transmission coefficient S21 to male pin diameter in 

µm is plotted for the previously calculated slotted and slotless connectors 
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3.4.1 Sensitivities for slotted connectors 

For slotted connectors the sensitivity to slot length and slot width is additionally shown in Figure 30 
through Figure 33. In Figure 34 through Figure 37 the sensitivity of the first section of the slotted female 
fingers is shown. The slotted section has been divided into 100 subsections.  

 
Figure 30 —The sensitivity of the complex reflection coefficient S11 to slot length in µm is 

plotted for the previously calculated slotted connectors 
 

 
Figure 31 —The sensitivity of the complex transmission coefficient S21 to slot length in µm is 

plotted for the previously calculated slotted connectors 
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Figure 32 —The sensitivity of the complex reflection coefficient S11 to slot width in µm is 

plotted for the previously calculated slotted connectors 
 

 
Figure 33 —The sensitivity of the complex transmission coefficient S21 to slot width in µm is 

plotted for the previously calculated slotted connectors 
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Figure 34 —The sensitivity of the complex reflection coefficient S11 to the first compressed mid 

finger diameter in µm is plotted for the previously calculated slotted connectors—the 
slotted section has been divided into 100 subsections 

 

 
Figure 35 —The sensitivity of the complex transmission coefficient S21 to the first compressed 

mid finger diameter in µm is plotted for the previously calculated slotted connectors—the 
slotted section has been divided into 100 subsections 
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Figure 36 —The sensitivity of the complex reflection coefficient S11 to the first outer diameter 

in µm is plotted for the previously calculated slotted connectors—the slotted section has 
been divided into 100 subsections 

 

 
Figure 37 —The sensitivity of the complex transmission coefficient S21 to the first outer 

diameter in µm is plotted for the previously calculated slotted connectors—the slotted 
section has been divided into 100 subsections 
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3.4.2 Sensitivities for slotless connectors 

For slotless connectors the sensitivity to female hole length, outer conductor diameter, and female center 
conductor diameter are shown in Figure 38 through Figure 43. The link between trace and corresponding 
connector can be made by the maximum operating frequency of the connector. 

 
Figure 38 —The sensitivity of the complex reflection coefficient S11 to hole length in µm is 

plotted for the previously calculated slotless connectors 
 

 
Figure 39 —The sensitivity of the complex transmission coefficient S21 to hole length in µm is 

plotted for the previously calculated slotless connectors 
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Figure 40 —The sensitivity of the complex reflection coefficient S11 to outer conductor 

diameter in µm is plotted for the previously calculated slotless connectors 
 

 
Figure 41 —The sensitivity of the complex transmission coefficient S21 to outer conductor 

diameter in µm is plotted for the previously calculated slotless connectors 
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Figure 42 —The sensitivity of the complex reflection coefficient S11 to female center conductor 

diameter in µm is plotted for the previously calculated slotless connectors 
 

 
Figure 43 —The sensitivity of the complex transmission coefficient S21 to female center 

conductor diameter in µm is plotted for the previously calculated slotless connectors 

3.4.3 Minimal pin gap 

The electrical parameters of a coaxial connection can become very sensitive to sub-micron changes in pin 
gap under certain conditions. It is easy to imagine that it makes a big difference for reflection and 
transmission whether the head of the female center conductor touches the shoulder of the male center 
conductor. Surprisingly, the sensitive region of pin gap does not end after the male shoulder and the head 
surface of the female center contact no longer make contact. This is due to magnetic and electric fields that 
build up in the pin gap. Under the condition of large chamfers and small pin gap this can lead to resonance 
within the range of operating frequencies of the connector (see Wong and Hoffman [B26]). 
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The minimum pin gaps in Table 7 are advised for the suppression of resonance effects better than |ΔS11| = 
0.001 in typical connectors.  

Table 7 — Coaxial line sizes and minimal pin gap 
Connector Minimal pin gap  

(mm) 
7-16 Not calculated yet 

14 mm Not applicable 
4.3-10 Not calculated yet 
7 mm Not applicable 

Type-N, 50 Ω 0.012 
Type-N, 75 Ω 0.015 

3.5 mm 0.015 
2.92 mm 0.010 
2.4 mm 0.015 

1.85 mm 0.005 
1.35 mm 0.006 

1 mm 0.005 
0.8 mm Not calculated yet 

How these minimal pin gap requirements relate to the pin depth specifications in IEEE Std 287.1™-2021 
and summarized in Table 8 is explained in 3.5. 

3.5 Pin depth specifications and minimal pin gap 

The pin depth specifications provided in the connector drawings in IEEE Std 287.1-2021 and Table 8 of 
this subclause, state a minimal pin depth of 0 mm, except for the 1.35 mm and 0.8 mm connector. As an 
example, the 1.35 mm connector has been designed rather recently with the resonant effects related to a too 
small pin gap in mind. The stated minimal pin depth of 0.003 mm satisfies the requirement of a minimal 
pin gap of 0.006 mm when two connectors, that are in spec, are paired. The question arises of how the 0 
mm pin depth of the other connectors is compatible with the minimal pin gaps specified in Table 7. Indeed, 
from today’s knowledge of connector effect, it would be advised to avoid a pin depth close to 0 mm. If two 
connectors are paired with very small pin depth, i.e., resulting in a pin gap smaller than recommended, the 
resonant effects mentioned in 3.1 come into play. However, there are two reasons why the minimal pin 
depth is kept at 0 mm for now. First, backward compatibility with IEEE 287™-2007 is desirable. A change 
in pin depth specifications has the potential to declare existing components previously in spec as out of 
spec. Second, the effects related to a small pin gap have the largest impact at measurement or calibration 
reference planes. A notable example is the test ports of a VNA. It is recommended to use test port adapters 
with a minimal pin depth at the measurement plane according to the numbers in Table 7. This way the 
minimal pin gap is always realized, even if a component is connected that has a very small pin depth. This 
is a consideration that should be made at the coaxial measurement plane of any measuring device. 
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Table 8 — Coaxial line sizes and pin depth specifications 
Connector Instrument grade 

connector (IGC)  
Pin depth  

(mm) 

Instrument grade 
connector (IGC) 

Pin depth  
(10-4 inches) 

Metrology grade 
connector (MGC) 

Pin depth  
(mm) 

Metrology grade 
connector (MGC) 

Pin depth  
(10-4 inches) 

7-16 
socket (female) 

1.7900 +0.0000 
1.7900 +0.0600 

704.72   +0.00 
704.72 +23.62 

1.7900 +0.0000 
1.7900 +0.0300 

704.72   +0.00 
704.72 +11.81 

7-16 
pin (male) 

-1.7500 +0.0000 
-1.7500 +0.0600 

-688.98   +0.00 
-688.98 +23.62 

-1.7500 +0.0000 
-1.7500 +0.0300 

-688.98   +0.00 
-688.98 +11.81 

14 mm 
hermaphroditic 

0.0000 
+0.0254 

0.00 
+10.00 

0.0000 
+0.0254 

0.00 
+10.00 

4.3-10 
socket (female) 

+3.1000 +0.0000 
+3.1000 +0.1000 

+1220.47    +0.00 
+1220.47  +39.37 

+3.1000 +0.0000 
+3.1000 +0.0500 

+1220.47    +0.00 
+1220.47  +19.69 

4.3-10 
pin (male) 

-2.9000 +0.0000 
-2.9000 +0.1000 

-1141.73    +0.00 
-1141.73  +39.37 

-2.9000 +0.0000 
-2.9000 +0.0500 

-1141.73    +0.00 
-1141.73  +19.69 

7 mm 
hermaphroditic 

0.0000 
+0.0508 

0.00 
+20.00 

0.0000 
+0.0127 

0.00 
+5.00 

Type-N, 50 Ω 
socket (female) 

-5.2578 +0.0000 
-5.2578 +0.0762 

-2070.00   +0.00 
-2070.00 +30.00 

-5.2578 +0.0000 
-5.2578 +0.0762 

-2070.00   +0.00 
-2070.00 +30.00 

Type-N, 50 Ω 
pin (male) 

5.2578 +0.0000 
5.2578 +0.1016 

2070.00   +0.00 
2070.00 +40.00 

5.2578 +0.0000 
5.2578 +0.1016 

2070.00   +0.00 
2070.00 +40.00 

Type-N, 75 Ω 
socket (female) 

-5.2578 +0.0000 
-5.2578 +0.0762 

-2070.00   +0.00 
-2070.00 +30.00 

-5.2578 +0.0000 
-5.2578 +0.0762 

-2070.00   +0.00 
-2070.00 +30.00 

Type-N, 75 Ω 
pin (male) 

5.2578 +0.0000 
5.2578 +0.1016 

2070.00   +0.00 
2070.00 +40.00 

5.2578 +0.0000 
5.2578 +0.1016 

2070.00   +0.00 
2070.00 +40.00 

3.5 mm 
socket (female) 

0.0000 
+0.0500 

0.00 
+19.69 

0.0000 
+0.0130 

0.00 
+5.12 

3.5 mm 
pin (male) 

0.0000 
+0.0500 

0.00 
+19.69 

0.0000 
+0.0130 

0.00 
+5.12 

2.92 mm 
socket (female) 

0.0000 
+0.0508 

0.00 
+20.00 

0.0000 
+0.0127 

0.00 
+5.00 

2.92 mm 
pin (male) 

0.0000 
+0.0508 

0.00 
+20.00 

0.0000 
+0.0127 

0.00 
+5.00 

2.4 mm 
socket (female) 

0.0000 
+0.0500 

0.00 
+19.69 

0.0000 
+0.0130 

0.00 
+5.12 

2.4 mm 
pin (male) 

0.0000 
+0.0500 

0.00 
+19.69 

0.0000 
+0.0130 

0.00 
+5.12 

1.85 mm 
socket (female) 

0.0000 
+0.0500 

0.00 
+19.69 

0.0000 
+0.0130 

0.00 
+5.12 

1.85 mm 
pin (male) 

0.0000 
+0.0500 

0.00 
+19.69 

0.0000 
+0.0130 

0.00 
+5.12 

1.35 mm 
socket (female) 

+0.0030 
+0.0500 

+1.18 
+19.69 

+0.0030 
+0.0200 

+1.18 
+7.87 

1.35 mm 
pin (male) 

+0.0030 
+0.0500 

+1.18 
+19.69 

+0.0030 
+0.0200 

+1.18 
+7.87 

1 mm 
socket (female) 

+0.0000 
+0.0500 

0.00 
+19.69 

0.0000 
+0.0130 

0.00 
+5.12 

1 mm 
pin (male) 

+0.0000 
+0.0500 

0.00 
+19.69 

0.0000 
+0.0130 

0.00 
+5.12 

0.8 mm 
socket (female) 

+0.0030 
+0.0500 

+1.18 
+19.69 

+0.0030 
+0.0200 

+1.18 
+7.87 

0.8 mm 
pin (male) 

+0.0030 
+0.0500 

+1.18 
+19.69 

+0.0030 
+0.0200 

+1.18 
+7.87 

In Table 8, positive pin depth values indicate a recess of the center conductor with respect to the reference 
plane.  This might be in conflict with some of the conventions used in other connector drawings or how the 
positive and negative signs are used with mechanical connector gauge measurements. 

For the two hermaphroditic connector systems 14 mm and 7 mm, the pin depth specifications are valid after 
the collet (inner conductor contact) has been removed. 
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The 4.3-10 connector is special, as it has a mechanical and an electrical reference plane with an offset of 
exactly 3 mm (see Annex C.1 of IEEE Std 287.1-2021). The specifications in Table 8 refer to the distance 
from the mechanical reference plane where the outer conductors meet each other. 

It is expected that in future revisions of the IEEE P287 series of documents the lower limit of the pin depth 
specifications will be changed from 0 mm to half of the minimal pin gap values in Table 1. It is therefore 
advised that for the design and production of new components this change is already anticipated and 
implemented where possible. 
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4. Connector care and handling guide 

4.1 Introduction 

Coaxial connectors are a key component in RF and microwave applications. Their importance and 
contribution to overall system performance is sometimes overlooked.  One of the most common causes of 
damage to RF and microwave test systems, including very expensive test equipment, is using dirty or 
damaged RF connectors, cables, adaptors, and test accessories. These same dirty or damaged connection 
devices can also result in loss of performance in operational systems and add significant errors to 
measurement accuracy during testing. 

This clause provides general information on how to take care of connectors and connector electrical 
properties.  This information is essential for anyone specifying and using test and measurement equipment; 
it will also help with the care of and proper handling of connectors to obtain the most accurate and 
repeatable measurements, and to increase  the longevity and performance of the coaxial connectors. 
References for connector care and handling can be found in Annex A (see Keysight [B25]; Rohde and 
Schwarz [B37]; Anritsu [B1]; Maury Microwave [B29]; Hoffmann and Ruefeneacht [B14]; and Electronics 
Components Industry Association [B6]). 

Subclause 4.2 gives the necessary steps for caring and using microwave connectors. Subclause 4.3 provides 
more detail on the various steps of connector care and use. Subclause 4.4 gives information on connector 
gauges and connector storage.   

4.2 Quick guide 

This subclause presents a quick listing of connector care and handling processes. It shows the basic steps 
for the processes. For in-depth details about connector care and handling see 4.3.  

a) Visual inspection:  

1) It is best to use a magnifier with a minimum of 10× magnification.   

2) Gauge the connector to verify that center conductor pin depth is within specifications. 

CAUTION 

Never use a damaged or out of specification connector. 

b) Cleaning tools: 

1) Compressed air: Filtered, vapor and oil free, < 60 PSI.  

2) Cleaning fluid: Try to use a fluid that will leave as little residue as possible.  Isopropyl alcohol 
is the most common solvent used and is safe, inexpensive, and leaves a minimal amount of 
residue when it evaporates. 

3) Cleaning swabs and lint free cloth: Do not use cotton swabs as they can leave cotton fibers; 
instead, use a foam-based swab or lint free cloths. 

c) Cleaning methods: 

1) Use compressed air to blow away as much dirt, dust, etc., as possible.  

2) Body and threadsClean outer surfaces, body, and threads. 

3) Inner surfacesGently clean the inner-surfaces. 
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4) Center conductorUse EXTREME caution.  Make sure to use an appropriately sized swab 
and very gently clean the center conductor. Never apply pressure to center conductor. 

5) Blow dryUse the compressed air to blow away or evaporate any of the cleaning solution 
that is left on the connector. 

6) Re-inspect. 
Connector torque: It is extremely important that RF connectors are not over-tightened as the precision parts 
are easily damaged. Improper torque can affect measurement accuracy. Torque wrenches are available for 
all sizes of precision connectors. 

4.2.1 Connector dos and don’ts 

Connector dos and don’ts are as follows: 

Do  

 Check the connector mating planes prior to every connection for dirt or potential damage. 

 Perform a detailed inspection and clean all RF connections at regular intervals (every 20 connects).  

 Store connectors, cables, and RF devices in protective cases.  

 Use dust covers wherever possible.  

 Use the correct procedure for mating RF connectors.  

 Use the correct cleaning tools, materials, and procedures.  

 Gauge connectors at regular intervals (100 connections/3 months) or if connector damage is 

suspected.  

 Tighten connectors to the correct torque.   

 Use the correct torque wrench where applicable.  

 Use the correct connector mating technique.  

 Use a connector saver wherever possible on high-cost items.  

Do not:  

 Leave connectors laying on the test bench without protection  

 Store them in a box or bag without protection  

 Use a damaged or worn connector  

 Over-tighten connectors  

 Use pliers or wrenches to tighten connections  

 Touch the inner conductors  

 Allow the conductive surfaces to rotate when mating connectors 

4.3 Detailed guide for inspection and cleaning 

Detailed information about the areas of coaxial connector care and use are presented in this subclause. 
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4.3.1 Recommendations 

General recommendations are as follows:  

 Connectors should be inspected, at a minimum, every 20 connections for signs of dirt, damage, and 

wear. Ideally connectors should be inspected before each new use . 

 Discard and replace damaged or worn connectors. 

 Choose cables and connectors that are designed to operate for the full frequency range of the 

measurement.  

 Use connector types compatible for interfacing to the test equipment/device under test.  

 Low-cost connectors should never be connected to a precision connector as damage to the center 

conductors may occur. 

4.3.2 Visual inspection 

Visual inspection and, if necessary, cleaning should be done every time a connection is made. 

Metal and metal by-product particles from the connector threads often find their way onto the mating plane 
surfaces when a connection is disconnected, and even one connection made with a dirty or damaged 
connector can damage both connectors beyond repair. Magnification is helpful when inspecting connectors, 
but it is not required. Defects and damage that cannot be seen without magnification generally have no 
effect on electrical or mechanical performance. Magnification is of great use in analyzing the nature and 
cause of damage, and in cleaning connectors, but it is not required for inspection. 

4.3.2.1 Obvious defects or damage 

Examine the connectors first for obvious defects or damage: badly worn plating, deformed threads or bent, 
broken, or misaligned center conductors. Connector nuts should move smoothly and be free of burrs, loose 
metal particles, and rough spots. Immediately discard, or mark and send away for repair, any connector that 
has obvious defects. 

4.3.2.2 Mating plane surfaces 

Next, concentrate on the mating plane surfaces. Flat contact between the connectors at all points on their 
mating plane surfaces is required for a good connection. Therefore, particular attention should be paid to 
deep scratches or dents, and to dirt and metal or metal by-product particles on the connector mating plane 
surfaces. Also look for bent or rounded edges on the mating plane surfaces of the center and outer 
conductors and for any signs of damage due to excessive or uneven wear or misalignment. Other small 
defects and cosmetic imperfections such as light scratches or shallow circular marks distributed more or 
less uniformly over the mating plane surface are also normal. None of these should affect electrical or 
mechanical performance. If a connector shows deep scratches or dents, particles clinging to the mating 
plane surfaces, or uneven wear, clean it and inspect it again. Damage or defects of these kindsdents or 
scratches deep enough to displace metal on the mating plane surface of the connectormay indicate that 
the connector itself is damaged and should not be used. Try to determine the cause of the damage before 
making further connections. 
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4.3.3 Connector cleaning 

Careful cleaning of all connectors is essential to assure long, reliable connector life, to prevent accidental 
damage to connectors, and to obtain maximum measurement accuracy and repeatability. Yet it is the one 
step most often neglected or done improperly. Subclauses 4.3.3.1 through 4.3.3.5 provide more details 
about the process of cleaning the connectors followed by step-by-step guide. 

4.3.3.1 Compressed air  

Use low-pressure compressed air to remove loose particles on the mating surfaces, threads, etc. The easiest 
method to use for compressed air is to use compressed air from a small pressurized can. If piped-in 
compressed air is available in a lab, make sure that it is dry and free from any contaminants, especially 
pump oils. A method of focusing where the air is directed, such as the small plastic tube that comes with 
most compressed air cans, should be used. 

Dirt and stubborn contaminants that cannot be removed with compressed air can often be removed with a 
foam swab (do not use cotton swabs as they can leave fibers) or lint free cleaning cloth as described in 
4.3.3.3 and 4.3.3.5. 

4.3.3.2 Cleaning solvents  

Use the least amount of solvent possible and avoid wetting any plastic parts in the connectors with the 
solvent. Solvents should be used in liquid rather than spray form. If a spray must be used, always spray the 
solvent onto a cloth or swab, never directly into a connector. 

Solvents should be chosen that are chemically inert and evaporate cleanly, without leaving a residue or 
film. Very dirty connectors can be cleaned with pure isopropanol. Other solvents, including all types of 
Freon or isopropanol (also called isopropyl alcohol) that contain additives, should not be used. Whichever 
solvent is used, carefully avoid wetting the plastic support bead inside the connector and blow the 
connector dry immediately with a gentle stream of compressed air. Support beads are easily damaged by 
solvents.  

4.3.3.3 Cleaning interior surfaces 

Interior surfaces, especially on the smaller precision  connectors, are very difficult to reach, and it is easy to 
damage the connectors when trying to clean them. The openings are very small, and generally the center 
conductor is supported only at the inner end by a plastic dielectric support bead. This makes it very easy to 
bend or break the center conductor. One suitable method is to cut off the sharp tip of a round wooden 
toothpick and then to wrap it with a single layer of lint-free cleaning cloth. Moisten the cloth with a small 
amount of cleaning solvent and carefully insert it into the connector to clean the interior surfaces. 
Illuminated magnifying glasses or a microscope can be used to clearly see the areas that need to be clean.  

4.3.3.4 Drying connectors  

After cleaning a connector, always be sure that it is completely dry before reassembling or using it. Blow 
the connector dry with a gentle stream of clean compressed air and inspect it again under a magnifying 
glass to be sure that no particles or solvent residues remain. 
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4.3.3.5 Cleaning connectors on static sensitive devices 

Special care is required when cleaning connectors on test equipment containing static sensitive devices. 
When cleaning such connectors always wear a grounded wrist strap and observe correct procedures. The 
cleaning should be carried out in a special handling area. These precautions will prevent electrostatic 
discharge (ESD) and possible damage to circuits. 

First step: Remove loose particles on the mating surfaces, threads, etc., by using low-pressure compressed 
air. Small particles, usually of metal, are often found on the inside connector mating planes, threads, and on 
the dielectric. They should be removed to prevent damage to the connector surfaces. Dirt and stubborn 
contaminants that cannot be removed with compressed air can often be removed with a foam swab (do not 
use cotton swabs as they can leave fibers) or lint free cleaning cloth. 

Second step: Clean surfaces using isopropanol on foam swabs or lint free cloth. Use just enough solvent to 
clean the surface. When using swabs or lint free cloth, use minimal pressure to avoid damaging connector 
surfaces. Do not spray solvents directly on to connector surfaces or dielectrics. Do not use contaminated 
solvents. 

Cleaning the threads: With an isopropanol moistened swab, clean the connector thread using a circular 
motion around the connector, parallel to the thread (see Figure 44). 

 
Figure 44 —Cleaning the threads 

Cleaning the inside of the connector: Cleaning with an isopropanol moistened swab requires great care and 
minimum pressure to avoid damage. This is particularly true for air-filled dielectrics that use spacers to 
keep the inside conductor concentric with the outer. A similar level of care should also be applied to 
connectors with a polytetrafluoroethylene (PTFE) dielectric. Renew the swab if it becomes too dirty to be 
effective.  

On female connectors, caution is required when cleaning around the contacts (see Figure 45). For male 
connectors, if the region between the thread and center pin must be cleaned, wrap one coat of lint free cloth 
to the end of a toothpick and proceed with extreme caution.  
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Figure 45 —Cleaning the inside of the connector 

Third step: Use the low-pressure compressed air once again to remove any remaining small particles and to 
dry the surfaces of the connector to complete the cleaning process before using the connector. 

4.3.4 When to gauge coaxial connectors 

Gauge a connector as follows: 

 Before using it for the first time 

 If either visual inspection or electrical performance suggests that the connector interface may be out 

of specification (possibly due to wear or damage) 

 If someone else uses the device 

 If  the device is being used on another system or piece of equipment 

 As a matter of routine: Initially after every 100 connections, and after that as often as experience 

suggests 

Gauge smaller connectors more often than other connectors, because the center pins can pull out of 
specification during disconnection. 

4.3.5 Connector gauges 

4.3.5.1 Gauge types  

Each type of connector uses a different connector gauge (Figure 36 shows a typical connector gauge) as 
follows: 

 There are push-on type gauges and screw-on type gauges. 

 Sexed connectors use either two gauges (one male and one female), or (in the case of type-N 

connectors) a single gauge with male and female adapter bushings. 

 Every connector gauge requires a gauge calibration block (to zero the gauge). 



IEEE Std 287.3-2021 
IEEE Recommended Practice for Precision Coaxial Connectors at RF, Microwave, and Millimeteter-wave Frequencies-

Part 3: Connector Effects, Uncertainty Specifications, and Recommendations for Performance 

47 
Copyright © 2022 IEEE. All rights reserved. 

 Connector gauges for precision 7 mm connectors also require an aligning pin and pin wrench to 

measure the center conductor depth of beadless airlines with the centering pin removed. 

Use the proper gauge for the connector. Some gauges have a very strong gauge plunger spring that, if used 
on the wrong connector, can push the center conductor back through the connector, damaging the device 
itself. Other gauges, if used improperly, can compress the center conductor collet in precision 7 mm 
connectors during a measurement, giving an inaccurate reading when measuring the collet protrusion. 

4.3.5.2 Accuracy  

Because of connector gauge measurement uncertainties (typically one small division on the dial) and 
variations in measurement technique from user to user, connector setback dimensions are difficult to 
measure. 

For example, if a gauge is used with 0.002 mm small divisions on the dial to measure a connector that has 
an actual setback of 0.01 mm, expect to get a gauge reading from 0.008 mm to 0.012 mm, depending on the 
gauge (due strictly to gauge measurement uncertainty). Note that other variables (such as cleaning and 
gauge technique) can increase this range of readings. Before deciding if a connector fails specification, do 
the following: 

a) Carefully clean the connector, the connector gauge, and the gauge block again. 

b) Zero the gauge again. 

c) Repeat the measurement. 

d) Dirt and contamination can affect measurements in which differences of 0.00025 cm are 
significant. 

e) After measuring the connector several times, have another person measure the connector several 
times. This helps reduce uncertainties due to differences of technique and random variations in 
gauge accuracy. 

f) If possible, keep records of the setback measurements for each device over time. Noticeable 
differences from one set of measurements to the next can indicate errors in measurement technique, 
or that a damaged connector needs replacing. 
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Figure 46 —Typical connector gauge 

4.3.5.3 Using a centering bead 

Use a centering bead to keep a sliding load or airline beadless center conductor centered as it is connected 
to a gauge. Always remove the centering bead before connecting the device to anything other than a gauge. 
If the bead is left on, the device will fail its electrical specifications. 

4.3.5.4 General gauging procedure 

Before gauging a connector, consult the mechanical specifications provided with that connector or device. 

Hold a connector gauge by the gauge barrel, below the dial indicator. This gives the best stability and 
improves measurement accuracy (cradling the gauge in hand or holding it by the dial applies stresses to the 
gauge plunger mechanism through the dial indicator housing). 

When measuring a connector several times, use different rotational orientations of the gauge with the 
connector. Averaging several readings, each taken after a quarter-turn rotation of the gauge, reduces 
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measurement variations that result from the gauge or the connector face not being exactly perpendicular to 
the center axis. 

Because of the differences in the outer conductor of measured devices and the amount of pressure applied, 
screw on and press on type gauges give slightly different readings. 

To properly gauge a connector the following steps should be used:  

a) Select the proper gauge for the connector. 

b) Inspect and clean the gauge: 

1) Inspect the connector gauge and the gauge calibration block carefully, exactly as the 
connector itself was inspected. 

2) Clean or replace the gauge and the gauge calibration block if necessary. 

Dirt on either the gauge or the gauge calibration block makes gauge measurements inaccurate, 
but more importantly can cause damage to the connector and the gauge. 

c) Zero the gauge: 

1) Push-on type (see Figure 47): 

i) Hold the gauge by the plunger barrel (not the dial housing or cap). This prevents gauge 
reading errors caused by stresses to the gauge plunger mechanism through the dial 
indicator housing. 

i) For male connectors, slip the protruding end of the calibration block into the 
circular bushing on the connector gauge. 

ii) For precision 7 mm connectors, and female precision 3.5 mm connectors, use the 
flat end of the gauge calibration block. 

iii) For female type-N connectors, use the recessed end of the gauge calibration block. 

ii) Carefully bring the gauge and gauge block together. Apply only enough pressure to the 
gauge and gauge block to settle the dial indicator pointer at a reading. 

iii) Gently rock the two surfaces together, to make sure that they have come together flatly. 

The gauge pointer should line up exactly with the zero mark on the gauge. If not, inspect 
and clean the gauge and gauge calibration block again and repeat this process. If the 
gauge pointer still does not line up with the zero mark on the gauge, loosen the dial lock 
screw and turn the graduated dial until the gauge pointer exactly lines up with zero. 
Then re-tighten the lock screw.  
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Figure 47 —Zeroing a push-on connector gauge 

2) Screw-on type (see Figure 48): 

i) Holding the gauge by the plunger barrel, screw on the zeroing device just until resistance 
is met. 

ii) Use a torque wrench to tighten the connection. 

iii) While watching the gauge pointer, gently tap the zeroing device. 

The gauge pointer should line up exactly with the zero mark on the gauge. If not, adjust 
the zero-set knob until the gauge pointer exactly lines up with zero. 

Check gauges often to make sure that the zero setting has not changed. Generally, when 
the pointer on a recently zeroed gauge does not line up exactly with the zero mark, the 
gauge or calibration block needs cleaning. Clean both carefully and check the zero 
setting again. 

 

d) Measure the connector. 

Measure the recession of the center conductor behind the outer conductor mating plane, the same 
way that the gauge was zeroed, but do not reset the graduated dial. 
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e) For the best accuracy, measure the connector several times (rotating the gauge relative to the 
connector between each measurement), and take an average of the readings. 

f) To monitor connector wear, record the readings for each connector over time. 

 
Figure 48 —Zeroing a screw-on connector gauge 

4.3.6 Extra notes on gauging devices 

4.3.6.1 Interface dimensions and gauging 

It is of the utmost importance that connectors do not damage the test equipment interfaces to which they are 
offered for calibration. Poor performance of many coaxial devices and cable assemblies can often be traced 
to poor construction and non-compliance with the mechanical specifications. The mechanical gauging of 
connectors is essential to help ensure correct fit and to achieve the best performance. This means that all 
coaxial connectors fitted on all equipment, cables, terminations, etc., should be gauged on a routine basis in 
order to detect any out of tolerance conditions that may impair the electrical performance. 
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4.3.6.2 Gauging connector 

Connector gauge kits are available for many connector types, but it is also possible to manufacture test 
pieces for use with a micrometer depth gauge or other device to help ensure that the important dimensions 
can be measured or verified. The mechanical gauging of coaxial connectors will detect and prevent the 
problems addressed in 4.3.6.3 through 4.3.6.5. 

4.3.6.3 Inner conductor protrusion 

This may result in buckling of the socket contacts or damage to the internal structure of a device due to the 
axial forces generated. 

4.3.6.4 Out of tolerance inner conductor recession 

This will result in poor voltage reflection coefficient, possibly unreliable contact and could even cause 
breakdown under peak power conditions.  

4.3.6.5 Inner conductor gap 

A mated connector pair normally has a discontinuity or gap at the inner conductor junction. This gap is the 
result of finite mechanical tolerances that are used to manufacture the connectors. The electrical 
performance of a connector pair can degrade significantly if this gap is too large. Discontinuities in coaxial 
transmission lines have been studied by various authors; it has been found that optimal measurement 
performance requires a small gap to greatly reduce the higher order mode interactions at the interface. See 
Clause 3 for more information. 

4.4 Detailed guide for connection/disconnection 

Making good connections is easy if a few simple principles are kept in mind: all connectors must be 
undamaged, clean, and within mechanical specification.  The connectors must be precisely aligned with one 
another and in flat physical contact at all points on the mating plane surfaces the connection must not be too 
tight or too loose lateral or horizontal (bending) force must not be applied to the connection, nor should any 
connection ever be twisted. 

4.4.1 Align connectors carefully 

Careful alignment of the connectors is critical in making a good connection, both to avoid damaging 
connectors and devices and to assure accurate measurements. As the actual connection is made, be alert for 
any sign that the two connectors are not aligned perfectly. If it is suspected that misalignment has occurred, 
stop and begin again. Alignment is especially important in the case of sexed connectors and as the 
connector size decreases. The center pin on the male connector must slip concentrically into the contact 
fingers of the female connector, and this requires great care in aligning the two connectors before and as 
they are mated. 

When they have been aligned, the center conductors must be pushed straight together, not twisted or 
screwed together, and only the connector nut (not the device itself) should then be rotated to make the 
connection. Slight resistance is generally felt as the center conductors mate. 
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4.4.2 Making connections 

Good connections require a skilled operator. Because of instrument sensitivity and coaxial connector 
mechanical tolerances, slight errors in operator technique can significantly affect measurements and 
measurement uncertainties. 

4.4.3 Connecting  

The following procedure uses a 7 mm fixed load and a 7 mm test port connector as examples, the steps and 
principles are the same for all coaxial connector types. This procedure assumes that the necessary ESD 
precautions have been taken, and the connectors have already been inspected (visually and mechanically) 
and cleaned. 

a) Carefully align the connectors (see Figure 49). 

1) Fully extend the connector sleeve on one of the connectors and fully retract the sleeve on the 
other. The extended sleeve creates a cylinder into which the second connector fits. If one of 
the connectors is fixed (as on a test port) fully extend that connector sleeve (spin its knurled 
connector nut to make sure the threads are fully extended). Fully retract the connector sleeve 
on the other connector. 

2) While bringing one connector up to the other, and as the actual connection is made, be sure 
the connectors align perfectly. If not, stop and begin again. 

On sexed connectors, the male connector center pin must slip concentrically into the contact 
fingers of the female connector. 

 
Figure 49 —Align the connectors 

b) Push the connectors straight together. Do not twist or screw them together. As the center 
conductors mate, a slight resistance may be felt. 

c) Engage the connector nut over the threads on the second connector. Turn only the connector nut  
(see Figure 50). 
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Figure 50 —Make the preliminary connection lightly 

Do not twist one connector into the other (like changing a light bulb). This happens if the device 
body is turned  rather than the connector nut. 

At this point a preliminary connection is wanted in which the outer conductors make gentle 
contact at all points on both mating surfaces. This requires very light finger pressure (no more than 
0.23 Nm (2 inch-pounds) of torque). 

d) Relieve any side pressure on the connection from long or heavy devices or cables. This assures 
consistent torque in the following steps. 

e) Use a torque wrench to make the final connection (see Figure 51). 

Using a torque wrench prevents overtightening (and possible connector damage). It also makes 
sure that all connections are equally tight each time. 

1) Prevent the rotation of anything other than the connector nut that needs to be tightened. Do 
this by hand for a fixed connector (as on a test port). Otherwise, use an open-end wrench to 
keep the body of the connector from turning. 

2) Hold the torque wrench lightly. 

Hold the torque wrench at the same point near the end of the handle each time it is used. 
Always use the wrench in the proper orientation (see Figure 52), and when possible, hold the 
wrench horizontally as  tightening the connection is begun. 

3) Apply force at the end of the torque wrench, perpendicular to the wrench, in a plane parallel 
to the outer conductor mating planes. This applies torque to the connection through the 
wrench. 

Do not hold the wrench so tightly that the handle is pushed straight down along its length 
rather than pivoting it (see Figure 53). If that is done, an unlimited amount of torque could be 
applied. 

 
Figure 51 —Make the final connection with a torque wrench 
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Figure 52 —Proper torque wrench orientation 

 
Figure 53 —Do not push the torque wrench straight down 

4) Tighten the connection just to the torque wrench “break” point (the wrench handle gives way 
at its internal pivot point. See Figure 54). Do not tighten the connection further. Note that one  
does not have to “fully break” the handle of the torque wrench to reach the specified torque, 
doing so can cause the handle to kick back and loosen the connection. 

Do not pivot the wrench handle on a  thumb or other fingers (see Figure 55). If that is done, 
when the wrench reaches its “break” point an unknown amount of torque may be applied to 
the connection. 

Do not twist the head of the wrench relative to the outer conductor mating plane. If this is 
done, more than the recommended torque may be applied. 

 
Figure 54 —Tighten only the torque wrench break point 
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Figure 55 —Do not pivot the torque wrench on a thumb 

4.4.4 Disconnecting 

It should be noted, to avoid lateral (bending) force on the connector mating plane surfaces, always support 
the devices and connections when disconnecting connectors. 

Steps to follow to physically connect a connector pair:  

a) Firmly grasp the device body or use an open-end wrench on the body (to prevent it from turning). 

b) Loosen the connector nut that was tightened to make the connection. 

Use the torque wrench or an open-end wrench to start the disconnection, but leave the connection 
finger tight and do the final disconnection by hand. 

c) Complete the disconnection by hand, turning only the connector nut. 

d) For sexed connectors, pull the connectors straight apart.  

Make sure that the connection is not twisted or the center conductors or the interior component 
parts to which the connectors attach may be damaged. The plating can also be scraped off the male 
contact pin, or (rarely) slightly unscrew the male or female contact pin from its interior mounting, 
taking it out of specification. 

4.5 Handling and storage 

Microwave connectors must be handled carefully, inspected before use, and when not in use stored in a 
way that gives them maximum protection. Proper storage techniques will help to lengthen the life of the 
connectors and are listed as follows: 

 Avoid touching the connector mating plane surfaces.  

 Avoid setting the connectors contact-end down, especially on a hard surface, especially with 
contact end exposed.  

 Plastic end caps are provided with many new devices and connectors, these should be retained after 
unpacking and placed over the ends of the connectors whenever they are not in use.  

 Extend the threads of connectors that have a retractable sleeve or sliding connector nut. Then put 
the plastic end cap over the end of the connector.  

 Above all, never store any devices loose in a box or in a desk or a bench drawer. Careless handling 
of this kind is the most common cause of connector damage during storage. 
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5. Connector measurement repeatability and reproducibility 

5.1 General 

The repeatability of the reflection coefficient of a connector can be determined when at least one of the 
mating ports has a supporting structure for the center conductor. Connector repeatability is influenced by 
variations in both the test port as well as the connector artifact being characterized. Mechanical parameters 
that are most dominant for the repeatability behavior are as follows: 

 Concentricity of the inner conductor 

 Outer conductor alignment 

 Concentricity of the outer conductor inner diameter bore with respect to the outer conductor 
guidance cylinder 

Mechanical parameters that are most dominant for the reproducibility are as follows: 

 Male pin diameter (min, mean, max) 

 Slope on the male pin diameter (sensitive to pin depth variations of the female connector) 

 Pin depth (coupling effects of the center conductors: test port to artifact). The test port should have 
a minimal recession to avoid the coupling effects 

 
Figure 56 —Test configuration for connector repeatability and reproducibility 

This should be a broadband measurement to avoid localized maxima and minima. The connector artifact is 
the device that is connected to the test port, it is an adapter with one port connected to a short that offers the 
best stability and sensitivity for the repeatability measurement. This test will determine both the connector 
repeatability and reproducibility. The connector repeatability is a measure of the connector variation on a 
single test port. The connector reproducibility is a measure of the variation across multiple test ports.3 The 
measurements require the following devices: 

 
3 The computations are based on a Gauge R & R study; see Section 2.4 of the NIST Engineering Statistics Handbook. 

https://www.itl.nist.gov/div898/handbook/mpc/section4/mpc4.htm
https://www.itl.nist.gov/div898/handbook/mpc/section4/mpc4.htm
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a) A minimum of five connector artifacts, it is recommended to use at least 10. The intent is to get a 
distribution of devices to measure that span the expected production output. Best practice indicates 
that the samples be taken from multiple production runs. 

b) Ideally, it would be useful to select test port adapters from a set of devices that span the expected 
production output. For practical measurement purposes, a minimum of three test ports is 
recommended. The test ports should be selected to represent the minimum, the nominal, and the 
maximum center conductor interface diameters in order to best cover the range of reproducibility. 
For a male connector it would be the minimum, nominal, and maximum pin diameters. For a 
female connector it would be the minimum, nominal and maximum inner diameter of the center 
conductor (this value is determined by each manufacturer’s design). It is recommended that the 
measurements be made without cables and minimal adapters between the instrument test port and 
the test port adapter to avoid additional measurement variations not associated with repeatability 
and reproducibility.  

There are geometric factors such as pin depth (see Clause 3) and center conductor eccentricity that will 
contribute to the variation between devices. These variations are part of what is being characterized. There 
are also other factors such as connector cleanliness and using proper torque that will also contribute a 
variation–it is important to make as small as possible these variations by following correct connector care 
practices (see Clause 4). 

The measurement configuration is shown in Figure 56. It consists of a vector network analyzer (VNA) a 
test port adapter and a connector artifact. The measurement is comprised of three levels as follows: 

a) Level-1 (see 5.3) is the repeatability of a single connector artifact on a single test port. 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 data collected for this level is simply the complex Sii measurement of the N ≥ 8 
connections.4 

b) Level-2 (see 5.3) is the repeatability of multiple connector artifacts on a single test port. It is Level-
1 repeated for each of the M ≥ 5 connector artifacts. 

c) Level-3 (see 5.4 and 5.5) is the reproducibility of multiple connector artifacts on multiple test ports. 
It is Level-2 repeated for each of the L ≥ 3  test ports. 

d) Be sure the design is truly nested, that each sequence reports results for the same set of 
circumstances. Record the data with the information in fixed columns and each connector standard 
being a row entry. Note the measurements are complex quantities that are a function of frequency. 
This means that the same set of frequency points is to be used for all measurements. Frequencies 
should be selected to span the specified frequency range of the connector. Each complex set of 
measurement traces acquired as specified in Level-1 will need to be associated with the following 
information: 

1) Time of test 

2) Operator identification 

3)  Connector standard identification 

4)  Test port identification 

5)  The set of complex measurements traces acquired as specified in Level-1 

e) The measurements for an individual connector are given as Гlmn, where l=1,…,L, m=1,…,M and 
n=1,…,N. 

 
4 Vector error correction should be used for the measurements to remove measurement bias. 
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5.2 Data analysis 

Each measurement consists of an array of complex numbers with a one-to-one correspondence to the 
frequency points. The data is analyzed for each frequency point in a similar manner. The following 
equations assume that there is a single frequency element for notational simplicity. In practice the 
computations are done for each measurement frequency. Note, outlier data should be removed prior to 
beginning the data analysis.  Subclause 5.6 provides connector repeatability and reproducibility algorithm 
pseudo code at a single frequency. 

5.3 Level-1 LM repeatability standard deviations 

The level-1 repeatability standard deviations are computed for each connector artifact in set of the M 
connector standards. This in turn is repeated for each of the L test ports. The measurement complex 
reflection coefficient is represented as lmnΓ .  

NOTE—  re z  and  im z  represent the real and imaginary parts of z , respectively. The complex 

mean is given as: 

1
1 N

lm n lmnN
Γ Γ   (1) 

In general, complex quantities are correlated. The variances and covariances of the real and imaginary 
portions are computed as: 

  2

1
1

2 1lm

N
rr n lmn lm

vV re re
v N

Γ Γ

           (2) 

  2

1
1

2 1lm

N
ii n lmn lm

vV im im
v N

Γ Γ

           (3) 

     1
1

2 1lm lm

N
ri ir n lmn lm lmn lm
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Γ Γ Γ Γ

                 (4) 

The covariance matrix lmC  including sample size correction is defined as: 

lm lm

lm lm

rr ri
lm

ir ii

V V
C

V V

 
   
  

 (5) 

For this case 2Nν = − . The distribution of values falls into an ellipse with the length of the major and 
minor axes computed as: 
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 2

1,2

4

2
lm m lm m lm lm

lm

rr ii rr ii ri irV V V V V V
λ

   
  (6) 

Equation (6) can be used to compute the repeatability of the thm  artifact on thl  test port as: 

 1 1 2,
lm lm lm

s k max λ λ  (7) 

where  

k  is the bivariate coverage factor; for a 95.4% confidence interval 
6.14 2.48k     

NOTE—  1 2
,

m m

max λ λ  is the same as  2
lm

norm C  and the bivariate coverage factor is computed using a Chi-Square 

distribution with 2 degrees of freedom. 
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5.4 Level-2 LM repeatability standard deviations 

Level-2 data analysis takes the results from Level-1. In this case, rather than deal with the individual 
measurements on each of the connector artifacts the analysis uses the Level-1 computed mean values for 
each of the M connector artifacts. The average of the Level-1 covariant matrices, including sample size 
correction, is computed as: 

1
1

2 1
l l

l l

rr ri M
l m lm

ir ii

V V v NC C
V V v MN 

         
  (8) 

For this case, 2v MN  . lC  is a measure of the repeatability across all the connector artifacts 
measured using test port l. The distribution of values falls into an ellipse with the length of the major and 
minor axes computed as: 

 2

1,2

4

2
l l l l l l

l

rr ii rr ii ri irV V V V V V
λ

   
  (9) 

Equation (9) can be used to compute the repeatability of all M connector artifacts on the thl  test port as: 

 2 1 2,
l l l

s k max λ λ  (10) 

where  

k is the bivariate coverage factor; for a 95.4% confidence interval 6.14 2.48k    

5.5 Level-3 repeatability of multiple connector artifacts over multiple test ports 

Level-3 data analysis takes the results from Level-2. In this case, rather than deal with multiple connector 
artifacts on a single test port the analysis uses the Level-2 computed mean values for each of the L test 
ports. The average of the Level-2 covariant matrices, including sample size correction, is computed as: 

1
1

2 1
rr ri L

l l
ir ii

V V v MNC C
V V v LMN 

         
  (11) 

For this case, 2v LMN  . C  provides a measure of the repeatability across all the connector artifacts 
measured on all test ports. 
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The distribution of values falls into an ellipse with the length of the major and minor axes computed as: 

 2

1,2

4
2

rr ii rr ii ri irV V V V V V
λ

   
  (12) 

Equation (12) can be used to compute the overall repeatability spanning all M connector artifacts and all L 
test ports. 

 3 1 2,s k max λ λ  (13) 

where 

k is the bivariate coverage factor; for a 95.4% confidence interval 6.14 2.48k    

5.6 Level-3 reproducibility of connector repeatability over multiple test ports 

This computes the reproducibility of the connector repeatability measurement. This is different than the 
reproducibility of the connector reflection coefficient measurement, which would be given as 

ij i jδ = Γ −Γ . 

The reproducibility compares the differences between all possible combinations of the repeatabilities 
computed in Level-2. Using Equation (14), the difference between test ports i and j is computed as: 

2 2i jij s sδ    (14) 

If L=3 then 

 12 13 23, ,
max

maxδ δ δ δ  (15) 

5.7 Connector repeatability and reproducibility algorithm pseudo code at a single 
frequency 

procedure Level - 3 multiple artifacts on multiple test ports 

    for  do  

        procedure Level – 2 multiple artifacts on a single test port 

            for do  

                procedure Level – 1 single artifact on a single test port 
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                    Connect mth connector artifact to lth test port 

                    for do N connections of single artifact 

                         Measure   

                         Rotate connector artifact  

                    end for  

                      

                      

                      

                     

                     

 

 

                     

                   
repeatability of a single artifact on a single 
test port 

                end procedure end of Level-1 

            end for 

             

  

 

            

 

            
repeatability of multiple artifacts on a 
single test port 

        end procedure end of Level-2 

    end for  
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      computes overall repeatability 

     

     computes reproducibility  

end procedure end of Level-3 
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6. Color coding guide 

There can be a difficulty in distinguishing between different coaxial connector types due to the design of 
high frequency connectors.  This can result in a risk of damaged equipment, degraded equipment reliability, 
degraded performance, and lost efficiency. Just because connectors can mechanically mate together does 
not mean they have the same frequency capabilities.  

Table 9 presents a coaxial connector color code that can be used.  This is a recommendation and not a 
requirement, but if this is adopted industry wide, it will help where quality, performance, ease-of-
identification, and ease-of-use are critical.   

Table 9 —Recommended connector color code 

Color Color description Connector  
 Light blue 7-16 
 Pink 4.3-10 
 Brown SMA1 
 Black Non-precision Type N (50 Ω)1 

  Red Type N (50 Ω)2 

  Light gray Type N (75 Ω)2 

  Orange 3.5 mm 

  Yellow 2.92 mm 

  Green 2.4 mm 

  Dark blue 1.85 mm 

  Purple 1.35 mm 

  White 1.0 mm 

  Dark gray 0.8 mm 
1 Several non-precision connector sizes, which are not included in this standard, have been included in 
the color-coding table to avoid confusion with mateable precision connectors. 
2 These are the precision versions of these connectors as defined in this standard. 
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