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Abstract: The IEEE 287 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™-2021, this document). It provides recommended
electrical and mechanical test procedures for Instrument Grade and Metrology Grade precision
connectors (IEEE Std 287.2™-2021). 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 series (IEEE Std 287.3™-
2021). A bibliography provides a list of pertinent references for measurement techniques used in
determining electrical, mechanical, and dimensional parameters for coaxial connectors.

Keywords: IEEE 287.1™, instrument grade connector (IGC), metrology grade connector (MGC),
minimum performance requirement, pin and socket connector, precision coaxial connector
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Important Notices and Disclaimers Concerning IEEE Standards Documents

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

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

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

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

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

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

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

Translations

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

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

Comments on standards

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

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

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

Laws and regulations

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

Data privacy

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

Copyrights

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

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

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

Updating of IEEE Standards documents

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

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

In order to determine whether a given document is the current edition and whether it has been amended through
the issuance of amendments, corrigenda, or errata, visit [IEEE Xplore or contact IEEE.? 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.* Search for standard number and
year of approval to access the web page of the published standard. Errata links are located under the Additional
Resources Details section. Errata are also available in IEEE Xplore. Users are encouraged to periodically
check for errata.

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

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

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

3Available at: https://ieeexplore.iece.org/browse/standards/collection/ieee.
4Available at: https://standards.ieee.org/standard/index.html.
’Available at: https://standards.iece.org/about/sasb/patcom/materials.html.
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reasonable or non-discriminatory. Users of this standard are expressly advised that determination of the
validity of any patent rights, and the risk of infringement of such rights, is entirely their own responsibility.
Further information may be obtained from the IEEE Standards Association.

IMPORTANT NOTICE

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

This introduction is not part of IEEE Std 287.1-2021, IEEE Standard for Precision Coaxial Connectors at RF, Microwave,
and Millimeter-Wave Frequencies—Part 1: General Requirements, Definitions, and Detailed Specifications.

This standard is a minimum performance requirements standard for precision coaxial connectors developed
by the IEEE Subcommittee P287. It builds on the previous version of this standard. The main purpose of this
rewrite is to modernize the standard with regard to drawings, mechanical, and electrical tests; it also includes
several new connector sizes that were not available when the standard was rewritten in 2007. This standard
has been broken into 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 guide for all of the
mechanical and electrical tests that are needed to verify the specifications of the connectors. The third part,
IEEE Std 287.3-2021, is a recommended practice that contains a set of guidelines, practices, and information
that should be useful to users of coaxial connectors.
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IEEE Standard for Precision Coaxial
Connectors at RF, Microwave, and
Millimeter-Wave Frequencies—

Part 1: General Requirements,
Definitions, and Detailed Specifications

1. Overview
1.1 Scope

The scope of this standard is to specify coaxial connectors for precision electrical measurements for use at radio
frequency (RF), microwave, and millimeter-wave frequencies. Current state-of-the-art coaxial connectors are
covered by the standard.

1.2 Purpose

The purpose of this standard is to present minimum performance requirements for those precision connectors
used at RF, microwave, and millimeter-wave frequencies. It introduces the performance requirements needed
to standardize precision hermaphroditic and pin and socket type connectors and displays specification
values from individual connector types in a connector summary table. This standard embodies the general
requirements and definitions for all connector types covered by the standard, and for ease of use, separates
the “detail specifications” information for each connector type for standardization into separate annexes. The
previous version of this standard included 14 mm, 7 mm, Type-N (50 Q), 3.5 mm, 2.92 mm, 2.4 mm, 1.85 mm,
and 1 mm connector sizes; the following connector sizes are being added to this version of the standard: 7-16,
4.3-10, Type-N (75 @), 1.35 mm, and 0.8 mm.

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).*’

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 use of the word must is deprecated and cannot be used when stating mandatory requirements; must is used only to describe
unavoidable situations.
"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 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 standard.

3. General requirements and definitions
3.1 Mechanical
3.1.1 Coaxial line sizes

The coaxial line sizes associated with the connectors in this standard cover a large range of frequencies. Table 1
shows a synopsis of the outer conductor diameter and upper frequencies covered.

Table 1—Coaxial line sizes and operating frequencies

Connector Inside diameter of outer Recommended upper Cut-off frequency in GHz
conductor in mm (nominal) | operating frequency in GHz

7-16 16.060 7.5 8.5

14 mm 14.288 8.5 9.5
4.3-10 10.000 12.0 13.6

7 mm 7.000 18.0 19.4
Type-N, 50 Q 7.000 18.0 19.4
Type-N, 75 Q 7.000 18.0 21.8
3.5mm 3.500 33.0 38.8
2.92 mm 2.920 40.0 46.5
2.4 mm 2.400 50.0 56.6
1.85 mm 1.850 67.0 73.4
1.35mm 1.350 90.0 100.6
I mm 1.000 110.0 135.9
0.8 mm 0.800 145.0 169.7

The cut-off frequencies in Table | are defined as the frequency at which the first higher order mode (TE,,)
can propagate in the airline proper [described by the Inside Conductor Outer Diameter (ICOD) and the Outer
Conductor Inside Diameter (OCID)] ignoring material parameter effects. The values are from numerically
solving the modal eigenvalue equation for the coaxial line (see 3.2.7) and were computed using an air
permittivity of 1.

3.1.2 Types of precision connectors

All precision connectors shall have air dielectric in the mating space. The mating planes for inner and outer
conductors coincide with the exception of 7-16, Type-N (50 Q) and Type-N (75 Q); they are available as
instrument grade connectors (IGCs) and metrology grade connectors (MGCs), which differ in digagnsional
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tolerances and in electrical performance. These differences are visible in the individual connector annexes.
These connectors attach directly to the transmission lines of Table 1.

In the IGC and MGC connectors, the dielectric support shall be sufficiently recessed from the reference plane
such that the electrical specifications are met as follows:

a)  Forthe 7-16 and Type-N connectors, the reference plane is the mating plane of the outer conductors.
b)  For the Type-N precision pin connector, the following is specified:
1)  The location of the inner conductor shoulder, which is recessed from the reference plane.

2) The inner diameter (ID) of the outer conductor from the inner conductor shoulder to the reference
plane.

c)  Forthe Type-N precision socket connector, the following is specified:
1)  The location of the end of the inner conductor, which protrudes beyond the reference plane.

2) The outer diameter (OD) of the inner conductor, when unslotted, from its end to the reference
plane; when slotted, the impedance of the section between the end of the inner conductor and the
reference plane shall be within specified limits when mated with the precision pin connector.

3.1.3 Characteristic impedance

For MGCs, the characteristic impedance is calculated at a point removed from the interface and cannot actually
be measured. Thus, the reflection magnitude is based on a calculated value from diameters and tolerances and
these calculated values are reported in the summary tables (Table 2 and Table 3) and in Annex A through
Annex M (some annexes also have example measured numbers to represent observable quantities for historical
reasons). As MGCs will be used primarily for error reduction/calibration devices, knowing the characteristic
impedance of the connector is what is important. The IGCs will be used for more general-purpose applications,
and as such, the reflection magnitude that comes from a connector pair (i.e., a measurement) is more important.

3.1.4 Mateability and available combinations

Subclauses 3.1.4.1 through 3.1.4.4 contain mechanical requirements for both hermaphroditic as well as pin
and socket connectors.

3.1.4.1 Outer conductors

In all line sizes, for IGC and MGC connectors, hermaphroditic and polarized outer conductors are permitted
as follows:

a) IGC and MGC hermaphroditic connectors may have hermaphroditic or polarized outer conductors.
The polarized and hermaphroditic outer conductors of precision connectors with hermaphroditic inner
conductors shall be able to mate with one another directly.

b) Pinandsocket precision connectors shall mate directly with pin and socket type general-use connectors
having an air dielectric in the mating space such as 7-16, 4.3—10, Type-N-50Q, Type-N-75Q, 3.5 mm,
2.92 mm. 2.4 mm, 1.85 mm, 1.35 mm,1.0 mm, and 0.8 mm (see NOTE in 3.1.4.4).

3.1.4.2 Inner conductors

In all line sizes, for IGC and MGC connectors, hermaphroditic and polarized inner conductors are permitted.
The following conditions must be met:

a)  The reference plane is the mating plane of the outer conductors.
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b) Ideally, the reflection coefficient of a connector with a socket inner conductor shall be independent of
the mating connector with a pin inner conductor. Ideally, the reflection coefficient of a connector with
a pin inner conductor shall be independent of the mating connector with a socket inner conductor.

¢) IGCand MGC with a hermaphroditic inner conductor need not be able to mate directly with polarized
inner conductors of the same line size.

d) Ifboth the inner and outer conductors of a IGC or MGC are polarized, their polarity shall be the same.

3.1.4.3 Hermaphroditic MGCs

Hermaphroditic connectors shall be used where the electrical length and characteristic impedance of the
connector needs to be known to the highest accuracy. The inner conductor is hermaphroditic. The outer
conductor can be either hermaphroditic or polarized. Provision shall be made in the inner conductor of a
supported IGC or MGC to support the inner conductor of an unsupported IGC or MGC.

3.1.4.4 Pin and socket precision connectors

Pin and socket precision connectors mate directly with equivalent pin and socket general-use or field connectors
(see MIL-PRF-39012 [B20]) without adapters.® The properties of pin and socket precision connectors shall
not vary as they are mated with any general-use or field connectors that comply with its standard tolerances in
interface dimensions, mating force and torque as well as the required, but often not standardized, concentricity
and surface finish.

NOTE—Many field connectors lack concentricity requirements. They may degrade or damage precision connectors.’

3.1.5 Mating and reference planes

Three basic planes can be distinguished in a mated connector pair: outer conductor mating plane (OCMP),
inner conductor mating plane (ICMP), and reference plane.

Most connectors presented in this standard are designed so that the OCMP is essentially the same as the ICMP.
The only exceptions, where the OCMP and the ICMP are significantly different, are the 7-16 connector and
the two Type-N connectors.

All but one of the connectors presented in this standard are designed such that the reference plane—i.e.,
the plane to which all electrical lengths refer—coincides with the OCMP. The only exception is the 4.3—10
connector, where, for reasons pointed out in C.1 of Annex C, the reference plane does not coincide with the
OCMP. However, the 4.3—10 connector is designed so that the OCMP coincides with the ICMP. This leads to
the need to distinguish between an electrical and a mechanical reference plane for this connector.

3.1.6 Components captive to the connector

All components of an unsupported IGC or MGC shall be captive to the inner and outer conductor of the
connector, respectively. The inner conductor alignment pin shall be retained but removable. Ifa polarized outer
conductor is used with a hermaphroditic inner conductor, it may have the coupling means of the connectors
detachable. The coupling mechanism of completely hermaphroditic types of connectors (IGC and MGC) shall
be detachable.

3.1.7 Protection and maintenance of butting electric surfaces

Provision shall be made to protect the unmated butting electric surfaces. It shall also be possible to re-polish,
re-lap, or replace the butting electric surfaces of the MGC.

8The numbers in brackets correspond to those of the bibliography in Annex N.
Notes in text, tables, and figures of a standard are given for information only and do not contain requirements needed to implement this
standard.
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3.1.8 Subjection to axial forces

During and after mating, the front-end butting electrical surfaces of the inner conductors of the hermaphroditic
IGC or MGC, shall be subjected to axial forces only. The IGC or MGC inner conductor dielectric support shall
withstand specified axial forces.

3.1.9 Torque

The detail specifications specify the range of mating torque and of the maximum torque (i.e., safety torque)
which will not cause damage. Torque specifications may be specific to the materials employed and/or specific
to a construction method (e.g., snap ring versus ball bearings).

3.1.10 Attachment to the transmission line

To attach the rear of the connector to a transmission line, the detail specification drawings for each line size
show the form, dimensions, and tolerances for the attachment portion of the transmission line in the detail
specification (see ANSI Y 14.5M [B1]).

3.1.11 Connector diameter tolerances

The detail specifications list dimensional tolerances for both MGC and IGC for each standard connector.
These tolerances are based on best current practice and, as such, do not yield the desired characteristic
impedance accuracy in all cases. Therefore, the diameter ratio shall be selected such that the requirements for
characteristic impedance are met.

3.1.12 Protrusion for hermaphroditic inner contacts

The range of protrusion of the inner conductor beyond the reference plane before mating is specified in the
detail specifications.

3.1.13 Inner-conductor applied (mating) force limits
3.1.13.1 For hermaphroditic inner contacts

The detail specifications provide the maximum axial displacement of the support inner-conductor resulting
from the application of a specified axial force and duration.

3.1.13.2 For pin and socket connectors

The inner-conductor force limits for pin and socket connector criteria are as follows:

a)  Maximum insertion and withdrawal force, socket inner conductor. Use specified pin (see detail
specifications for form, finish, material, and hardness). Detail specifications specify maximum
insertion and withdrawal forces, depth of penetration, rate of insertion and withdrawal. Specify
maximum temporary displacement during test and permanent displacement of socket center
conductor.

b)  Maximum insertion and withdrawal force, pin center conductor. For same axial forces as in item a),
specify maximum temporary and permanent displacement.

¢c)  Minimum withdrawal force (retention force), socket inner contact. Using test pin prescribed by
drawing, specify minimum axial force for withdrawal.

Documents

19 Document Sharing Hub
Authorized licensed use limited to: Tsinghua UnfvERYJIgbSEhHadRd BF Mafehrigiase$@p:esh:43 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE 287.1-2021


http://www.avadocuments.com/doc/ieee-287-1-2021
http://www.avadocuments.com/doc/ieee-287-1-2021

IEEE Std 287.1-2021
IEEE Standard for Precision Coaxial Connectors at RF, Microwave, and Millimeter-Wave
Frequencies—Part 1: General Requirements, Definitions, and Detailed Specifications

3.1.14 Connect/disconnect life

The minimum number of manual connection/disconnection operations of a connector pair under laboratory
conditions that will not result in damage is given in the detail specifications. Damage is defined as
noncompliance with any specification.

3.1.15 Dimensions

The critical dimensions, surface finish, and tolerances for the mating surfaces and the interface coupling
mechanism are specified in the detail specifications.

3.2 Electrical

Subclauses 3.2.1 through 3.2.8 contain electrical requirements for both hermaphroditic and pin and socket
connectors.

3.2.1 Reflection coefficient magnitude and return loss in decibels

The reflection coefficient magnitude, |S”|, of a mated connector pair versus frequency shall not exceed

specified limits. The return loss is defined as the magnitude of the reflected signal in decibels of a connector
pair when inserted into a 50 Q2 measurement system.

RL[dB]=—20log,,|S, | (1)

As stated in 3.1.3, the values of |S11| for MGC connectors are derived from diameters and tolerances. The

characteristic impedance is calculated from:

Z, = Zln= )

D is the outer conductor inner diameter
d s the inner conductor outer diameter
M is the free-space permeability

E

is the free-space permittivity

The reflection coefficient is evaluated from this impedance relative to the design goal of 50 Q [75 Q in the case
of Type-N (75 Q)]

3.2.2 Insertion loss

The insertion loss of a mated connector pair will vary over frequency. The insertion loss is defined as the loss
of a connector pair when inserted into a 50  measurement system. This measurement is no longer part of the
specifications but its definition is included as a reference:

IL[dB|=—201log,, |S,,| (3)
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3.2.3 Direct-current contact resistance

The direct-current resistance of the inner and outer conductor joints of a mated connector pair shall not exceed
their respective specified limits when tested with a four-terminal measuring system.

3.2.4 Repeatability with and without rotation

Repeatability conditions are detailed in 3.2.4.1 and 3.2.4.2.

3.2.4.1 Repeatability without rotation

The repeatability of a specified parameter determined from a set of repeatability measurements is defined as
the maximum difference relative to the mean of the measurement set.'® The repeatability shall not exceed the
specified values for the following:

a)  Magnitude of vectorial difference of reflection coefficient |ASl | | in decibels

b) DC resistance ARdc in milliohms

Maximum specified values for these parameters are found in the summary tables (Table 2 and Table 3) and/
or the individual connector annexes. The nonrotational repeatability shall be the maximum difference relative
to the mean of the specified parameters during 100 complete connect/disconnect cycles of the connector
for 14 mm and 7 mm lines. For all other sizes, substitute 20 connect/disconnect cycles. See Clause 5 of
IEEE Std 287.3™-2021 [B21] for more information on calculating repeatability.

3.2.4.2 Repeatability with rotation

The repeatability with rotation of a specified parameter determined from a set of repeatability measurements is
defined as the maximum difference relative to the mean of the measurement set.!' Determine the repeatability
measurement values for rotation by rotation of one connector’s orientation to the other connector in a connector
pair of 16 approximately 45° increments over two complete 360° cycles. Maximum specified values for
these parameters are found in the summary tables and/or the individual connector annexes. See Clause 5 of
IEEE Std 287.3-2021 [B21] for more information on calculating repeatability.

3.2.5 Shielding effectiveness

The shielding effectiveness [radio-frequency (RF) leakage] of a mated pair shall not be less than specified
limits versus frequency.

3.2.6 Electrical length

The equivalent electrical length of both a single connector and a mated connector pair in air shall be specified
as a function of frequency.

3.2.7 Rated minimum upper operating frequency and theoretical upper limit

The upper frequency and cutoff frequency in gigahertz for each coaxial line size is shown in Table 1. Up to
the rated minimum upper operating frequency, all requirements of this standard apply (see IEC 61141 [B11]).
Although it may be practical to operate connectors above this frequency, the requirements of this standard
do not apply. The cutoff frequency of a transmission line (see Dimitrios [B4]) is determined by the cutoff
frequency of the TE,, mode and, in this document, the values are determined by numerically solving the modal
eigenvalue equation. The rated upper operating frequency results from the presence of dielectric supports that
have lower TE,, mode cutoff frequencies (see Gilmore [B5]).

"Note this differs from the definition in previous versions of this standard which considered repeatability to be the difference between the
extreme values of the measurements. The previous definition did not match the electrical test process that referenced all measurements to
the first measurement. Referencing the measurements to the mean provides better consistency with measurement results.

See Footnote 10 Documents
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3.2.8 Detail specification parameters
3.2.8.1 Reflection coefficient magnitude and return loss

The detail specifications specify the maximum reflection coefficient magnitude (return loss in decibels) versus
frequency of both a mated connector pair (IGC-IGC) and a single connector (MGC—IGC) when inserted with
center conductor gaps as determined from Clause 3 of IEEE Std 287.3-2021 [B21]ina 50 Q (I, =I', = 0)
system above 100 MHz.

3.2.8.2 Insertion loss

The detail specifications formerly specified the maximum insertion loss versus frequency of both a mated
connector pair and a single connector above 100 MHz, but this is no longer part of the standard.

3.2.8.3 Shielding effectiveness

The detail specifications specify the maximum leakage versus frequency of a mated connector pair, of an axial
force referred to the electrical reference plane.

3.2.8.4 Electrical length

The manufacturer shall specify the electrical length versus frequency and applicable tolerance for both a mated
connector pair and a single connector.

3.2.8.5 Direct-current contact resistance

The detail specifications provide separately the maximum direct-current contact resistance for both the mated
inner and the outer conductors.

3.3 Environmental
3.3.1 Reference conditions

The reference conditions are 23 °C, 40% RH, 101.3 kPa air pressure. These reference conditions have no
tolerances stated or implied. Reference conditions apply to both mechanical and electrical measurements.

3.3.2 Operating

The specified operating conditions are 23 °C +10 °C and 20% to 80% RH.

3.3.3 Nonoperating

The nonoperating temperature range that shall not cause damage to the connector is =50 °C to +70 °C.
The nonoperating pressure range is 101.3 kPa to 0.145 Pa. Damage is defined as noncompliance with any
specification under operating environmental conditions.

4. Connector summary table
4.1 Introduction

The purpose for including the connector summary table (Table 2) is to provide the user with an overview of
the various connector types that make up this standard. This allows for easy comparison of these connectors,
which is otherwise difficult since there are details and specifications distributed across the individual detail
specifications.
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4.2 How to use this summary table

As a matter of practicality, not all parameters are included in Table 2. Also, many values are given as a

maximum value, particularly where variation is encountered, which is frequency dependent, such as |S 1 | dB

(return loss).

4.3 Definitions

Amplification of the various parameters, where appropriate, can be found in the specific detail specifications.
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Annex A
(normative)
Detail specifications for precision 7-16 connectors

A.1 Introduction

The 7-16 connector (also known as “7/16 DIN-Connector”) is a pin and socket design which uses an air
dielectric interface and assures single-mode operation up to 7.5 GHz. The 7-16 connector provides a very
sturdy connection and is mostly used in telecommunication applications. The coupling engagement ensures
that the outer conductors are coupled before the inner conductors can connect, thus guaranteeing a damage-
free connection.

A.2 Specifications

The specifications detail the electrical, mechanical, and environmental requirements. Interface dimensions
and details of force test pins are also given.

A.2.1 Electrical

Table A.1 and Table A.2 show the electrical specifications.
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Table A.1—High-frequency electrical specifications

Description Symbol Instrument Metrology Definition Test method
grade grade subclause subclause
specification specification (Note—
Subclauses
are in
IEEE Std 287.2-
2021
Characteristic Zy 50Q — 3.13 42.1
impedance
Characteristic AZ, 0.2% 0.1% 3.13 4.2.1
impedance
tolerance (see
NOTE)
Recommended Jop 7.5GHz — 3.2.7 n/a
upper operating
frequency
Cut-off frequency four 8.5 GHz — 3.2.7 n/a
(unsupported
airline)
Reflection iy —40dB —62dB 3.2.1,3.2.8.1 32
magnitude Example
Measured: —50
dB
(see NOTE)
Repeatability |AT| 52dB 60 dB 324 33
of reflection
Electrical length Al +75 pm — 3.2.6 3.2
tolerance 3.2.84
Shielding a, 110dB @ 1 GHz — 325 3.4
effectiveness 3283
NOTE—The connector reflection magnitude and tolerance are theoretical values that are determined from the outer
and inner conductor diameters and the dimensional tolerances (see 3.1.3). This is a simplistic, first order metric. This
is meaningful for low GHz frequencies but can result in very large errors at higher frequencies and in the MHz range
and below may not be applicable without considering imperfect metal conductivity corrections. For a more detailed
discussion, see the Connector Effects subclause in IEEE Std 287.3-2021.

Table A.2—DC electrical specifications

Description Symbol Center conductor | Outer conductor | Definition Test method
subclause subclause
(Note—
Subclauses
are in
IEEE Std 287.2-
2021
DC contact resistance Ry 0.8 mQ 1.9 mQ 323 35
3.2.85
Repeatability of dc AR, 0.08 mQ 0.02 mQ 324 3.5
contact resistance

A.2.2 Mechanical

Table A.3 shows the mechanical specifications.
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Table A.3—Mechanical specifications

Description Symbol Instrument Metrology grade | Definition Test method
grade specification subclause subclause
specification (Note—
subclauses
are in
IEEE Std 287.2-
2021)
Outer conductor D 16.06 mm 16.06 mm 3.1.11, 42.1.1
inside diameter +0.005 mm +0.0025 mm 3.1.1,3.1.3
Inner conductor d 6.974 mm 6.974 mm 3.1.11, 42.1.2
outside diameter +0.0035 mm +0.002 mm 3.1.1,3.1.3
Connect/disconnect life L 5000 cycles 3.1.14 4.2.10
Maximum insertion force F 28N 3.1.13.2 4.2.6
Rate of insertion R, 0.3 mm/s 3.1.13.2 4.2.6
Depth of insertion D, 1.5 mm 3.1.13.2 4.2.6
Maximum withdrawal force® F, 28 N 3.1.13.2 4.2.6
Minimum withdrawal force® F, 6N 3.1.13.2 428
Coupling torque T, 2.5Nem 3.1.9 n/a
Maximum safety torque T, 30 Nem 3.1.9 n/a
Coupling nut wrench size w 32 mm 3.1.15 n/a

“The maximum and minimum withdrawal force test is performed at the same rate as the insertion force test.

A.2.3 Environmental

Table A.4 shows the environmental specifications.

Table A.4—Environmental specifications

Environmental conditions Operating specifications Nonoperating specifications
Temperature 13°Cto33°C -55°Cto70°C
Relative humidity 20% to 80%
Atmospheric pressure 78 kPa to 104 kPa

A.3 Drawings

Figure A.1 through Figure A.4 are drawings for the 7—16 connector. Figure A.5 and Figure A.6 show the
corresponding test pins for determining the insertion and withdrawal forces.
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REFERENCE PLANE

(0.1969)
5 MIN.
(0.0705 / 0.0728) M29x1.5 - 69
1797006
SEE NOTE 3
20.05 | B | e (20.6323 +0.0002)
(0.0020) /7J/ 216.06 + 0.005
i A
(@0.8858 + 0.0157) & (20.2746 + 0.00014)
@225+0.4 X q @6.974 + 0.0035
(0.0197 / 0.0276) & [201]A
(20.7059 £ 0.0035) 0.5%02 B (0.0039)
@17.93 +0.09
4 | @0.05 | A (0.3189)
8.1 MIN.
(0.0020)
(0.0008) (0.3937)
(16) 10 MIN.
0.4

NOTE 1—Original design is in millimeters.

NOTE 2—All dimensions are shown in millimeters, under inches shown in brackets, and are the final or finished
dimensions.

NOTE 3—Design for slotting is optional, and should meet electrical and mechanical requirements, when mating with @
4.995 mm (0 0.1967 in) pin.

Figure A.1—7-16 instrument grade socket connector
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> REFERENCE PLANE

/ M29x1.5 - 6H

N
(@0.6323 + 0.0002) ﬁ
16.06 + 0.005 N

[A]

(@0.2953 +0.0197)
75405

e

(20.2746 + 0.00014)
@6.974 + 0.0035 (00.8268 + 0.0157)
&0 A 7 @21+0.4
B (0.0039) (@0.7134 + 0.0035)
@18.12 £0.09
&
20.05 | A
(0.0008) (0.0020)
(16) (0.3150 + 0.0394)
0.4 8+1

X

(0.0665 / 0.0689)
1 .75_006

\

(0.0031)
R0.08 MAX.

\/ (20.1967 + 0.0003)

24.995 + 0.007

0.0591
(1.5 ) | 4 [20.05[B |

A
A

(0.0020)
(0.1772)

4.5 MAX.

NOTE 1—Original design is in millimeters.

NOTE 2—All dimensions are shown in millimeters, under inches shown in brackets, and are the final or finished
dimensions.

NOTE 3—The wrench flat size for the 7-16 pin connector is typically 32 mm.

Figure A.2—7-16 instrument grade pin connector
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REFERENCE PLANE

(0.1969)
5 MIN.
(0.0705/0.0717) M29x1.5 - 69
1 79+0.03
: SEE NOTE 3
@0.05 | B | e (20.6323 +0.0001)
(0.0020) /7J/ 216.06 + 0.0025
< A
] )
(20.8858 + 0.0157) () (20.2746 + 0.00008)
@225+0.4 X q @6.974 + 0.002
(0.0197 / 0.0276) & [ @01 ]A
(0.7059 + 0.0035) 0.5102 B| (0.0039)
@17.93 +0.09
4 | @0.05 | A (0.3189)
8.1 MIN.
(0.0020)
(0.0008) (0.3937)
(16) 10 MIN.
0.4

NOTE 1—Original design is in millimeters.

NOTE 2—All dimensions are shown in millimeters, under inches shown in brackets, and are the final or finished
dimensions.

NOTE 3—Design for slotting is optional, and should meet electrical and mechanical requirements, when mating with @
4.995 mm (0 0.1967 in) pin.

Figure A.3—7-16 metrology grade socket connector
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(@0.2953 +0.0197)

75+0.5

> REFERENCE PLANE

[A]

/ M29x1.5 - 6H

N
(20.6323 + 0.0001) ﬁ
16.06 = 0.0025 N

e

(©0.2746 + 0.00008)
26.974 £ 0.002

4 | @0.1|A
B| (0.0039)

(0.0008)

(16)
0.4

X

(20.8268 + 0.0157)
@21+0.4

(20.7134 + 0.0035)
18.12 £ 0.09

4 | @0.05| A

(0.0020)
(0.3150 + 0.0394)

8+1

(0.0677 / 0.0689)

175 0,03
(0.0031)
R 0.08 MAX.
A
\
(201967 + 0.0001)
(0.0591) 2/4.995 + 0.003
15 [ 4 [20.05 [B]
g (0.0020)
(0.1772)
4.5 MAX,

NOTE 1—Original design is in millimeters.

NOTE 2—All dimensions are shown in millimeters, under inches shown in brackets, and are the final or finished

dimensions.

NOTE 3—The wrench flat size for the 7-16 pin connector is typically 32 mm.

Figure A.4—7-16 metrology grade pin connector
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(0.0787)
(20.1949 / 0.1953) 2

D4.96 g 01 (16)
0.4

NOTE 1—Original design is in millimeters.

NOTE 2—All dimensions are shown in millimeters, under inches shown in brackets, and are the final or finished

dimensions.
Figure A.5—7-16 minimum withdrawal force test pin
(0.0787)
(©£0.2004 / 0.2008) 2
5.1 901 (16)

0.4

NOTE 1—Original design is in millimeters.
NOTE 2—All dimensions are shown in millimeters, under inches shown in brackets, and are the final or finished

dimensions.

Figure A.6—7—-16 maximum insertion and withdrawal force test pin
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Annex B

(normative)

Detail specifications for precision 14 mm connectors

B.1 Introduction

The 14 mm precision coaxial connector was designed in the early 1960s and was the first precision
hermaphroditic coaxial connector introduced to the industry. Early on, this connector had a major impact
on those national standards laboratories whose goals were to achieve the very highest accuracies of lumped
parameter immittance (impedance and admittance) measurements at frequencies in the high kilohertz to the
low megahertz region. The advent of the precision coaxial connector with its well-defined reference plane,
high-level repeatability capabilities, and accuracy helped immeasurably with the development of coaxial
air dielectric transmission lines as primary reference standards. These lines are nearly reflectionless and
represent the ultimate in adherence to design principles in maintaining a constant characteristic impedance,
Z,, throughout the precision airline sections. They are used to characterize and evaluate the system parameters
of various measurement systems. The 14 mm connector with its upper frequency limit of 8.5 GHz also has a
variety of applications in the RF and microwave region.

The 14 mm precision connector is used in both metrology and research applications and, as such, is widely
used at low frequencies for the accurate measurement of lumped immittances. With its larger diameter size
and dielectric support bead, this connector is used extensively for properties of materials research of both
solid and liquid materials where dielectric and magnetic properties are to be measured. It is used on the 14 mm
coaxial slotted line to obtain accurate values of impedances from measurements of magnitude and phase at
frequencies from approximately 300 MHz to 8.5 GHz. The connector also has a high-power carrying capacity.

A popular commercial version of the 14 mm precision coaxial connector employs a unique gear-tooth
alignment mechanism that allows 24 angular mating orientations, which is acceptable for most applications.
An alternative version employs a rotatable gear with an angular span of one tooth for alignment at any
orientation. This can result in some slight degradation in accuracy and repeatability.

B.2 Specifications

The specifications are provided to detail electrical, mechanical, and environmental requirements; interface
dimensions; and airline mounting details for the 14 mm precision coaxial connector.

B.2.1 Electrical

Table B.1 and Table B.2 show the electrical specifications.
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Table B.1—High-frequency electrical specifications

Test method
subclause
Description Symbol Instrument grade | Metrology grade Definition (Note—
specification specification subclause | Subclauses are in
IEEE Std 287.2-

2021)
Characteristic
impedance Z, 50Q 3.13 42.1
Characteristic
impedance tolerance AZ, 0.20% 0.1% 3.13 4.2.1
(see NOTE)
Recommended upper f 3.5 GHz 327 o/a
operating frequency op ' -
Cut-off frequency
(unsupported airline) Jan 9.5 GHz 3.27 na
Reflection magnitude Ir| -39dB (Seflflg]%E) 3.2.1,3.2.8.1 3.2
Repeatability AT 71dB 77dB 3.2.4 33
of reflection
Electrical length Al +50 um 3.2.6 32
tolerance ¢ K 32.84 )
Shielding 130dB 325 34

a, .

Effectiveness 3283

NOTE—The connector reflection magnitude and tolerance are theoretical values that are determined from the outer
and inner conductor diameters and the dimensional tolerances (see 3.1.3). This is a simplistic, first order metric. This
is meaningful for low GHz frequencies but can result in very large errors at higher frequencies and in the MHz range
and below may not be applicable without considering imperfect metal conductivity corrections. For a more detailed
discussion, see the Connector Effects subclause in IEEE Std 287.3-2021.

Table B.2—DC electrical specifications

Test method
subclause
e Center Outer o (Note—
Description Symbol conductor conductor Definition subclause Subclauses are in
IEEE Std 287.2-
2021)

DC contact 323
resistance Rec 0.5 mQ 0.07mQ 3.2.8.5 33
Repeatability of de AR, 0.18mQ 0.03 mQ 324 35
contact resistance

B.2.2 Mechanical

Table B.3 shows the mechanical specifications.
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Table B.3—Mechanical specifications

Test method
Instrument?® Metrology* s?ﬁsgfe
Description Symbol grade grade Definition subclause .
. . . . Subclauses are in
specification specification IEEE Std 287.2-

2021)
Outer conductor
P D 14.2875 mm £0.0051 mm 3.1.11,3.1.1,3.1.3 42.1.1
inside diameter
Inner conductor d 6.20395 mm =0.00381 mm 3.1.11,3.1.1,3.1.3 4212
outside diameter
Connect/disconnect life L 5000 cycles 3.1.14 4.2.10
Maximum F, n/a 3.1.13.2 n/a
insertion force
Rate of insertion R, n/a 3.1.13.2 n/a
Depth of insertion D, n/a 3.1.13.2 n/a
Maximum
withdrawal force? Fu na 3.1.13.2 a
Minimum
withdrawal force® Fu na 3.1.13.2 a
Coupling torque T, (4.0+0.2) Nem 3.19 4.2.8
Maximum safety torque T, 5.4 Nem 3.1.9 n/a
Coupling nut W 1.0in 3.1.15 wa
wrench size

*For the 14 mm connector, specifications for the instrument grade and metrology grade connectors are the same.
*The maximum and minimum withdrawal force test is performed at the same rate as the insertion force test.

B.2.3 Environmental

Table B.4 shows the environmental specifications.

Table B.4—Environmental specifications

Environmental conditions Operating specifications Nonoperating specifications
Temperature 13°Cto33°C -55°Cto70°C
Relative humidity 20% to 80%
Atmospheric pressure 78 kPa to 104 kPa

B.3 Drawings

Figure B.1 through Figure B.4 are drawings for the 14 mm connector.
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NOTE 1—Original design is in inches.

NOTE 2—All dimensions are shown in millimeters, under inches shown in brackets, and are the final or finished
dimensions.

NOTE 3—With connectors unmated, faces of contacts should not extend beyond inner conductor by 0.127 mm (0.005 in)
minimum.

NOTE 4—The coupling nut and bushing have been removed for clarity.

Figure B.1—14 mm metrology grade connector, inner contact details
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16 TEETH W/RADIAL
SIDES EQUALLY
1.321£0.102
SPACED @ 22"30' [0.052+0.004]
6.908+.432 .
[272£.017] _ 26.20395 +.00381
[0.24425 £ 0.00015] |
% T f 217.8181£0.0127
t 19.670 +0.0762 [0.7015 + 0.0005
14.2875 +0.0051 17.0053 + 0.0127 T0.880 £0.003] [ 0,10254t0.0152
- L [0.5625 £ 0.0002] [0.6995 + 0.0005] 10.0010+0.0006]
A A 4 yY
23.825-1.063 #1001 — [Bz'gsﬁ';gg]
[.938-27] THREAD / o
Py
2 TR 2
RECOMMENDED m e m
MINIMUM COUPLING P m
NUT TORQUE 1.0 o A
NEWTON-METER o / 4
[10INCHPOUNDS] T 7 R
o
2 2413.40.0051/-0.0000 ] S
m [.095 +0.0002/-0.0000] \ W z
LHX T

6.4516 + 0.0254
[0.254 +0.001]

NOTE 1—Original design is in inches.

NOTE 2—All dimensions are shown in millimeters, under inches shown in brackets, and are the final or finished
dimensions.

NOTE 3—Shape of coupling nut is optional; however, it needs to be compatible with a 1.0 in torque wrench.

Figure B.2—14 mm metrology grade connector, outer contact details

6.55 + .05 @ 4.11 +0.03 [@ 0.162 + 0.001]
[0.258 £0.002] / BORE X 1.65 [0.065] DEEP
@ 3.56 +0.05/-.00 [& 0.140+0.002/-0.000]

GROOVE 0.86 + 0.05 [.034 + 0.002] WIDE
X 0.38 + 0.05 [.015 + 0.002] DEEP S%F;EN)éf’f;T[ﬁgﬁg gggp MIN.
A [.250] DEEP MIN.
Y
)
y/4 a /
\( 14.288  ©15.82 + 0.02
\ || [0.5262] [0.623 +0.001]
@6.200 [0.2441] | )
296.208 [0.2444] -
% A

22.22[0.875]
15.88 [0.625] MIN.

NOTE 1—Original design is in inches.

NOTE 2—All dimensions are shown in millimeters, under inches shown in brackets, and are the final or finished
dimensions.

Figure B.3—Attachment dimensions for mounting a 14 mm metrology grade connector to
airline
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