Common Coaxial Connectors

Below, I present a digest of important information about coaxial connectors. Most of these are for RF
and microwave frequencies, but a few of the more common ones used for lower frequencies are included
for completeness.

Why different connectors?

Many coaxial connector types are available in the audio, video, digital, RF and microwave industries,
each designed for a specific purpose and application. Much of the development of the smaller
connectors that perform well into the GHz and millimeter wave range has been conducted by test
equipment measurement companies. One of their considerations is the number of connect-disconnect
cycles that a connector pair can withstand while still performing as expected.

Why different sizes and frequencies?

The frequency range of any connector is limited by the excitation of the first circular waveguide
propagation mode in the coaxial structure. Decreasing the diameter of the outer conductor increases the
highest usable frequency. Filling the airspace with dielectric lowers the highest frequency and increases
losses. The mating process typically changes the geometry of the mating surfaces and resistance loss at
those interfaces as well as geometric changes result in variation of impedance and loss.

Some RF connectors are sexless (such as the HP/Amphenol APC-7 and the General Radio GR874 and
GR900BT). Most connectors have female structures with slotted fingers that introduce a small
inductance. The fingers accommodate tolerance variations, but reduce repeatability and may ultimately
break after 1000 connections. There are slotless versions of connectors available, but they are, for the
most part, relegated to instrument interfaces. Slotless female connectors are very difficult to clean and
require very careful connection and disconnection.

Sex and Connectors

Those unaccustomed to the use of the terms "male" and "female" to describe connectors will have to get
used to this time-honored engineering nomenclature. Those of us who work with them regularly use the
terminology without a second thought. One day a few years back, my daughter (who was about 8 years
old at the time, if memory serves) was in the lab with me while I was working at the network analyzer
with one of the grad students. She overheard our conversation, peppered as it was with the terms "male
connector" and "female connector". After we were done, she asked me why the connectors were named
that way. Well, this was a conversation I had expected to have in somewhat different circumstances, but
I gave her a quick summary of the "how-babies-get-made" story, followed by the analogy that is implied
by the connector terminology. She thought about it for a few moments when I was done, and then said,
"Daddy, that's just weird." It's hard to argue with that.



Connecting and Disconnecting

RF and microwave connectors are precision-made parts, and can be easily damaged by mistreatment.
You should start with all connector surfaces as clean as possible, using a solvent such as alcohol or a
special-pupose cleaner to do the job. Use as little as you can, and in no event contact dielectric spacers
or resistive materials (as used in loads) with the solvent, since these can be irreparably damaged by the
solvent. As a general rule, if the connectors have threaded sleeves, you should rotate these to tighten,
leaving the rest of the connector (and cable) stationary. If other parts of the connector are twisted while
tightening or loosening, damage can easily occur.

Connecting 7 mm connectors is somewhat different, and perhaps counterintuitive. These are sexless
connectors, and the mating surfaces mount flush and are held together by a single rotating sleeve. The
mating sequence is:

1. Each connector has an outside rotating sleeve. On one connector, rotate the outer sleeve so that the
threaded connector sleeve extends completely out from the outer sleeve. Do this on any fixed-mounted
connectors, such as those on the test ports of a network analyzer. On the other connector, rotate the outer
sleeve so that the threaded connector sleeve recedes completely into the outer sleeve.

2. Mate the surfaces flush and rotate the forward sleeve to engage the threads of the other connector.

3. Complete connection is made when the forward rotating sleeve is tight and the other sleeve is loose.

Engage connector nut over
exposed threads. Turn connector
nut only to tighten connection.



COAXTAL CONNECTOR CHART

Connector
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(GHz)

Notes

Phene plugs
and jacks

T3, TES

E

10% or less

Ewer see those old telephone switchboards with hundreds of jacks and patch cords and plugs?
Those are phone jacks and plugs, also known as TS (Tip-Sleeve) for two-conductor
connections, or TR (Tip-Ring-Sleeve) for three-conductor connections. They are now used
widely with musical mstruments and audio equipment The phone plug is the male cotmector, a
phone jack is the female connector. The standard diameter of the plugis 0.25", but many smaller
sizes are avalable as well These are really only sutable for audie frequencies

ECA

Phone plugs
and jacks

001

A round, press-on connector commenly used for consumer-grade audio and composite video
connections. In most recent home stereo equipment, the jacks are color-coded as follows: red
(andio-Fight), black or white {audio-Left] and yellow {composite video). Generally not a
constant characteristic onpedance connector.

PL-25%9
(male),
50-23%
(female)

0.3 orless

The TTHF type connector saw its conception in the sarly 1930's, a time when VHE/UHF
technology was cquite new. The forefathers of VHF were in tnany cases Amateur radio
expenimenters, most with Engineening and technical backgrounds. They began experimenting and
working the VHFE frontier around 1926, Soon thereafter research into FIM radio and Telewision
began and out of this era came the then named UHF connector. Manufactures of THF plugs and
receptors all state that this type connector are of generally non-constant (characteristic)
impedance and are suitable for use up to 200 or 300 Mz only, depending on production
quality. They also state that the UHF connector can be used up to 500 MHz with a cavtionary
note of reduced performance.

The 20 named TTHF connector from the past is not really sutable for use above 300 MHe at all
Perhaps the exception to this would be when a cheap and rugged system is required where loss
and good signal to notse ratio i3 of little concern. Howewer, even for frequencies as low as 144
WIHz, iflow loss and good signal to neise ratio are very desirable, the vse of UHF type
connectors 1s not recomtnended. The TTHF connector still has a place in many applications where
a robust but economical BF connector is required, but for serious applications its vse should be
lirnited to below 100 hfhe, The I type is far supenior i petformance, and it should also be noted
the BNC type connector is sirilar in performance to the I type, but has the disadvantage of
beitg less mgged

Video

ENC

16 DIN

025t0 1

The “F" series connectors are primarily utilized in television cable and antenna applications
Motmally these are used at 75 ohm charactenstic impedance. 2/8-32 coupling thread 15 standard,
but push-on designs are also avaiable

2 or higher

The "Bayonet Neil-Concelman" or "Bayenet MNavy Connector” or "Baby MNeil Connector”,
depending on the mformation source. Katl W Concelman i3 believed to have created the "C"
connector. The BNC was designed for military use and has gained wide acceptance i video and
EF applications to 2 GHz. The BINC uses a slotted outer conductor and some plastic dielectric
on each gender connector. This dielectric causes mereasing losses at ligher frequencies. Above 4
GHe, the slots may radiate signals, so the connector is usable, but not necessarily mechanically
stable up to about 10 GHz. Both 50 ohm and 75 ohm versions are available.

2 ot higher

& threaded version of the BNC connecter. It helps resclve leakage and geometric stabiity
problems, permitting applications up to 12 GHe The spectfications for N, BNC and THC
conmnectors are found in MIT-C-33012. There are special "extended frequency” versions of the
THIC that adhere to the IEC 169-17 specification for eperation te 11 GHz or 16 GHz, and the
TEC 169-26 specificaion that operate mode-fiee to 18 Ghe (but with significant losses). The
TNC connector is in wide uze in cellwlar telephone EF/antenna connections. Becanse the mating
geometries are compatible with the I connecter, it is possible to temporarily mate some gender
combinations of BNC and M. This 13 net a recermmended use because the connection 18 not
mechanically stable, and there will be significant impedance changes at the mtetrface

71

This relatively new connector is finding popularity as an interconnect in cellular and other so called
"wireless" applications, especially on towers. The primary advantage it has over 17 type
connectors is that it uses a wrench to tighten. It is rated to 7.5 Ghe, uses rubber gaskets and
silver or gold plate

GRE4

General
Radio (to
old-tirners,
anyway),
GE74

Locking

Mon-Locking

SENe

85

GE874 connectors are hermaphroditic, 50-ohm impedance connectors with a slide-on interface
that has been a standard for many years on a wide variety of test equipment, due to s good
electrical characteristics and ease of mating. These cotmectors sometimes come with a locking
interface for added mechanical security where needed. Locking and non-locking interfaces are
mtermateable




GES00BET

14 mm,

MPC14

same

85

These sexless thermaphrodite) connectors are offen used in highly critical labeoratory applications
at frequencies up to 8.5 GHz

12

C commectors are medmm-size, 50-ohm impedance connectors with two-stud bayonet coupling
and good power handling capability, particularly those connectors noted as high-veltage types
These are swnilar in size to type N connectors, however, they are bayonet locking. The C senes
uses a teflon dielectric for its interface. The dielectric ovetlap enables better voltage handling
capabilities. The bayonet coupling does not perform well electrically during wibration.

Type I

12 or mere

The Type M 50 ohm connector was designed in the 1940z for military systetns operating below 5
GHz One resource identifies the origin of the name as meaning "Nawy". Several other sources
attribute it to 1fr. Paul Meil, an KF engineer at Bell Labs. The Type I uses an internal gasket to
seal out the enwironment, and i3 hand tightened, There is an air gap between center and outer
conductor. In the 1960z, improvements pushed performance to 12 GHz and later, mode-free, to
18 GHz Hewlett Packard, Eings, Amphenol, and others offer some products with slotless
type- outer conductors for improved performance to 18 GHe Type-I connectors follow the
military standard NIL-C-39012. Even the best specialized type-IT connectors will begin to mode
around 20 GHe, producing unpredictable results ifused at that frequency or higher. A 75 ohm
version, with a reduced center pin is available and in wide use by the cable-TV industry.

ShA

3.5 mm or
APC-3.5,
TASMA,

2.92 mm, K

12 or more

The SkA (Submunature A) connector was designed by Bendie Scintilla Corporation and is one
of the mest commeonly used RF/microwave connectors. It is intended for use on semi-rigid cables
and in components which are commected nfrequently. Tt takes the cable dielectric directly to the
interface without air gaps. & few hundred interconnect cycles are possible if performed carefilly.
Care should be taken to join connectors straight-on. Prior to making a connection it is wise to
mspect the female end to assure that the center socket 15 m good conditon (fingers not bent or

migsing)

A standard SMA connector is designed for interconnects to 12,4 GHe Fortunately, a good
SMA is useable to 18 GHe i most cables, and if well constructed with greater loss and lower
return loss to 24 GHe Most SIMA connectors have higher reflection coefficients than other
comnectors available for use to 24 GHz because of the difficulty te anchor the dielectric support
Some manufacturers rate a special high quality version of an ShIA that meets ShA standards as
high as 26.5 GHz (The Johnson Field Replacable SMA goes to 265 GHz, and the MAA-Com
C5M extended frequency series goes to 27 GHz). Because an SMA with such quality can be
repeatably manufactured, you will offen see test equiptent and cotmponets rated to exactly 26,5
GHz with SMA connectors as the primary interconnect. "SMA" connectors rated for frequencies
higher than 27 GHz are really following other standards and are made to be compatible with the
SMA geometries to allow tating with SMA So called "precision SMA" connectors are available
with a variety of designators (e. g, 3.5 & 2.92 mm). When two SMA compatible connectors of
different ratings are coupled, it 1s very likely that the performance of the lesser connector will
prevail

Be advised that when mating a male SMA to a female "Precision SMA", to be sure that the SIA
male 15 of professional manufacture, and to insert the male straight-on. Ifthere 13 any doubt, it 13
wise to invest in an SMA Connector Gauge, and guage the SMA male prior to mating. This
advice does not apply to the connection of an SWA female to a 3.5 or 2.9 male. Such
connections do need to be made with care and straight-on

APC-7

2. 4mm

7 mm

same

The APC-7 {Amphenol Precision Connector - 7 tm) offers the lowest reflection coefficient and
most repeatable measurement of all 18 GHz connectors. Development of this connector was a
Jjoint effort between HP and Amphenol which began in the early 1960s. This 13 a sexless
(hermaphrodite) design and is the preferred connector for the most demanding applications,
notably metrology and calibration. These commecteors are designed to perform repeatably for
thousands of intercotnect cycles as long as the mating sutfaces are kept clean. ¥ou will find these
connectors on the front of some network analyzers.

50

The 2.4 mm connector was developed by HP, Amphenol and WA -COM for use to 50 GHz
(the first waveguide mode 1z reached at 52 GHz). MiA-Corm refers to it az O3-2.4 (O3-50)

This design eliminates the fragility of the SMA and 2.92-mm connectors by increasing the outer
wall thickness and strengthening the female fingers. The inside of the cuter conductor 1s 2.4 mmm
diatneter, and the outside is 4.7 mm. Because they are not mechanically compatible with 34,
3.5-mm and 2.92-mm, precision adapters are required in order to mate to those types. (This
farmily is not directly matable with the SMMA family ) The 2. 4-mm product is offered m three
quality grades; general purpose, instrument, and metrology. General purpose grade is intended for
EConomy use onl components, cables and microstrip, where limited connections and low

repeatability is acceptable. The higher grades are appropriate for their respective applications




Torque for tightenig connectors

Connector type Torgue b-inch (I-cm) Comment

Precision 7mm 12 (136) Finger tight is acceptable
Precision 3.5 ram & 2.92 ram 8 (30) e
use torque for male connector
SMA 5 (56) TWhen commecting ShA to 3.5
use torque for male connector

Type I 12 (136) Finger tight is acceptable
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