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PREFACE

Afte r having been in the RF Intercannection Market for more than fifty years , we felt the need to pro­
vide our business assaciates araund the world wi th a booklet containing key information on coaxi al
connectors.

Today, key concepts behind RF technology have not changed much - and this is w hat this booklet,
the SUHNER RF CONNECTOR GUIDE, is a ll about. It contai ns HUBER+SUHN ER know how and
experience in the field of connectors . Primar ily, we aim this booklet at non-technically and technically
skilled peop le who are da ily confronted w ith purchasing, distributing or maybe installing RFconn ec­
tors.

The G uide is a reference to coaxi al connecto rs, wh ich embraces the underlying theory, design
techno logy and performance features behind RF connectors . It should enhance the understandi ng
of po ssible usage, so that peop le wit h no or li ttle RF knowledge are ab le to consider or even select
the best suitable connec tor for their applicat ion problem . However, we have to stress that the G uide
cannot stand alone as a def inite solution to all connecto r probl ems. It mainly contains gu idelines and
hints and must be regarded as an addition to the SUHNERCo axia l Connector Ge nera l Catalogue
and the diskette "Basic RF Theory, Co nnectors and Cables" . '

The chap ters of this booklet are arranged chronolog ically, sta rting wi th RF theory and ending wit h
electrical measurements.

Chapter 1 is a short form of general RF theory, w hich is pa rtly based on fundamental electro techni­
que . We have tried to simplify the descript ion of the most used RF connector phrases and features,
though not omitting the comp lementary. It is probably diff icult to interpret the equat ions if the reader
has no knowledge of electrote chnique . However, the attached exp lanat ions are thought to give the
non-technic al reader the g ist of RF behaviour and thereby compensa te for the various technica l ex­
pressions.

Chapter 2 contai ns an abst ract of some of the materia ls used for coa xial conne ctors. Knowledge
of material technology is important as the material influences the Fl exib il ity of design and the perfar­
mance of the connectors, which applies to both the base materia ls and the surface Finish, i.e. the
plat ing . This chapter is supplemented by the Append ices 5 .2 and 5 .3 , which contai n tables wi th
quantities characterising the materials (5 .3) and electrochem ical po tentia ls (5. 2) between them, re­
spectively.

Chapter 3 isab out the design featuresof connectorsand connector series. Every series has a differen t
design and features that vary. This is important to know because the connector performance has to
stand up to the requi rementsof the applica tion. Add itiona lly, some of the typ ical applicationsor mar­
ket segments in w hich the connec tors are being appl ied are listed. Appendix 5 .1 is related to Chap­
ter 3 , as it is a summar y of severa l in-series and between-ser ies adopter possib ilities .

Chapter 4 is intended to g ive the reader an impressian and practical cogn ition of the electrica l test
and measurement techniques for coa xia l connectors. As wit h the theory in Cha pter 1, the pa rameter
theory behind the measurement quantities is described to provide the reader wi th background in­
formation. Furthermo re, it is valuable input for the understand ing of the measurement procedu res
and eventually of the graphs resulting from the practical tests.

The glossary is a summary of common RF expre ssions. It should help the reader to find exp lanations
to specific terms quickly w ithout having to Fl ip through the whole boo klet first.

SUHNER CONNECTORGUIDE 3



PREFACE

The company portrait and a list of HUBER+SUHNER cata logues are also included in this booklet if
further information about our company and additiona l produ cts is desired .

Fina lly, a separate formula boo klet is enclosed in the pocket at the back cover of this booklet. It con­
tains all equat ions described in the SUHNER RF CONNECTOR GUIDE, in addition to genera l and
other useful qua ntities. Among other things, it includes conversion tables to conver t reflection quan ti­
ties into, say, return loss, and German metric values into English or American units.

Lastbut not least, I want to exp ressmy sincere thanks to all the colleagues at HUBER+SUHNER AG
who helped in the preparation of the boo klet: U.P. Hugel, M . Schneider, S. Frei, R. Horri, M . Frei,
E. van der Elst, A. Steffen, B. Valentine, L. K" lbj erg, L. Heine, 1. Hersche, R. Ludwig , B. Schelling ,
F. Preisig, G . del Santo, G . Kuhne and I. Falk for their contribut ions, support and constructive proo f­
read ing; and especially 1. Hedinger for her invaluable work w ith the manuscript and for her pa­
tience .

I hope you will find the SUHNER RF CONNECTOR GUIDE as useful as we wanted it to be.

The Coa xial Connector Department
HUBER+SUHNER AG
October 1996
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1. INTRODUCTION
TO BASIC RF THEORY

1.1 DEFINITION AND GRADUATION OF HIGH FREQUENCY
In this first chap ter, the main emphasis is laid on exp lanat ions to typic al parameters in the theory
af RF transmission lines, can taining coa xia l connectors and cab les. It should g ive an impression of
how and why transmission lines perform as they do . At the same time, it should provide the reader
w ith fundamental know ledge of common RF techniques includin g equations, thought as a help or
base for the following chapte rs. In the first section of this chapter, we try to define w hat high fre­
quency is compared to law frequency and how various frequency rang es are divided.

When we look at an equiva lent circuit madel w ith a resistive (ohmic) element, the resistance R in
a low frequen cy (LF) circu it wi ll be tran sformed into capacitive and inductive resistances, C and L
respectively, in a high frequen cy ci rcuit (RF):

R -rR~
C

Figure 1 Equivalent LF and RF circuits wi th ohmic element

It is not possible to specify the exact limit between RF and LF. Far exa mple, when controllin g
transistors in the M Hz range, LF parameters often have to be used in the ca lculation, and a LF
range can be replaced w ith an equiva lent RF circui t d iag ram (see Figure 2).

LF RF lAW

~____'!\I.-__ ,-- --'!\'----__""'� ~----'AI.-__~
( V V

o kHz MHz 1-3 GHz

Figure 2 Frequencies divided into ranges from LF to microwaves

The limitation in the upper frequency range :

RF - techniques

IAW - techniques

SUHNER CONNECTOR GUIDE

Voltages and currents are defined .

Usually, only the E.(electric) or H-(magnetic) fields can be indicated
(refer to Table 1)
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INTRODUCTION TO BASICRF THEORY

High frequency begins where currents andvoltages become frequency dependent or
where thewavelength becomes important (I. = length of component)

1.1.1 Band Designations

Abbreviat ions used:

VLF

LF

MF

RF

VHF

UHF

SHF

EHF

very low frequency

low frequency

medium frequency

high frequency

very high frequency

ultra hig h frequency

super high frequency

extremely high frequency

Number
of Range Frequency Range Wavelength Name Abbreviation

4 3 ... 30 kHz 100 ... 10 km
Myriametre Waves

VLF
(Longest waves)

5 30 ... 300 kHz 10 ... 1 km
Kilometre Waves

LF
(Long woves)

6 300 ... 3000 kHz 1 ... 0 .1 km
Hectometre Waves

MF
(Med ium waves)

7 3 ... 30 MH z 100 ... 10 m
Decametre Waves

RF
(Short waves)

8 30 ... 300 MH z 10 ... 1 m
Metre Waves

VHF
(Ultrashort waves)

9 300 ... 3000 MH z 1 ... 0 .1 m
Decimetre W aves UHF>
(Ultrashort waves)

10 3 ... 30 GH z 10 ... 1 cm
Centimetre Waves SHF>
(Micro waves)

11 30 ... 300 GHz 1 ... 0 .1 cm M illimetre .W aves EHF>

Table 1 Band Designations according to "VO Funk" (Radio Transmission Association) according
to DIN 400 15.

• Coaxial connectors with operating frequencies within these range s will be dealt with here.

10 SUHNER CONNECTORGUIDE



INTRODUCTION TO BASIC RF THEORY

1.2 CONSTRUCTION AND FUNCTION OF RF LINES
Coa xial lines represent the most efficient method of transmitting signals from a source (Figure 3) via
a RF line to a termination. The most commonl y used method is that of cable assemblies, where the
distance between the source and the termination is the assembly length.

Figure 3 Direction of propogation along a RF line

The most important factor in connector selection is the RF cable chosen, as this usua lly w ill set the
minimum connector speci fications such as physical size, performan ce, etc. The connectors cho­
sen must have an electrical speci ficat ion (in terms of, for example : power) equa l to, if not better
than the specified cable. Cable and connectors (i.e . the complete assembly) will both contri bute
to losses and var ia tions in the system.

The purpose of RF lines isto guide RF signals from a source to a termination with mini­
mal losses and changes

1.2.1 Types of RF Lines

Coaxial line Two-wire line Waveguide Micro-strip line

Figure 4 Various types of RF lines

SUHNER CONNECTOR GUIDE 11



INTRODUCTION TO BASIC RF THEORY

1.2.2 A Typical RF Line

I\------:;r-- Outer Conductor
'17'0-..-_ - Dielectric (Insulator)

InnerConductor (Centre Contact)

Figure 5 Construction of a RF line

Thanks to their concentric inner and outer conductor construction, the coax ial line is well pro­
tected against outside influences and the energy between the inner- and outer conductors is
transmitted in a similar way as with waveguides (Figure 5) . Within this type of line the direct
currents as well as the alternating currents can be transmitted up to about 110 GHz.

The signals will be transmitted in TEM-mode (Transversal Electric and Magnetic field) until the upper
frequency limit , the so-called cut-off frequency (refer to Chapter 2 .5), is reached . The mechanical
construction of the RF line determines this point. Basically, the smaller the mechan ica l dimensions
the higher the frequencies . No field s exist in the dire ction of propagation of the energy .
(Transversal means the electric and the magnet ic field lines are perpendicular to the cable axis).

Thegreater part of electrical properties are independent of the frequency, e.g . impedance and veloc­
ity of propagation . Only the attenuation loss increases at higher frequencies , caused by skin effect
and dielectric losses. (For explanation of RF expressions refer to the Glossary) .

1.2.3 Electromagnetic Field along a RF Line

Thevoltage and tzhe current lines propagate in different ways within the RF line . The voltage waves
(electric field lines) pulsate from the surface of the inner conductor towards the inner
d iameter of the outer conductor (see Figure 6) .

E

d D

H

Figure 6 Cross section view: Electric and magnetic fields inside the RF line

12 SUHNER CONNECTOR GUIDE



As references basic RF equation s are included in this chapte r, so that the relationship between
connector factors can be shown.

The current propagates alo ng the RF line causing a circular pulsating magnetic field around the
inner conductor wi th the greatest intensity near its surface (refer to Fig ure 7 and Figure 8). The
current creates a magnetic field, whereas the vol tage causes an electr ic field inside the line.

(2)IHI = _i_ xl
2 x :t r

M ag netic field R (amperes/ metre)

(1)IEI= _u_ xl
In (~) r

Electric fiel d E [volts/metre)

d = Inner dia meter of inner cond uctor

D = Inside d ia meter of outer conductor

The equatio ns for ca lculatation of the electric field and mag netic field :

Figure 7 The electric and magnetic fields in a RF line

INTRODUCTION TO BASIC RF THEORY

u = Voltage betwe en inner and outer conductors (the so-called instantaneous potential
d ifference across the line)

i = Curren t on the inner or outer conductors (the so-called instantaneous current)

E

Figure 8 Electric field strength increases toward s the inner conductor

The maximum field streng th is most intense at the surface of the inner conductor. It will dec rease
wit h increasing electri cal distance.

A long itudinal section view shows anothe r view of the propagati ng voltage and current (refer to
Figure 9 below) .

SUHNER CONNECTORGUIDE 13



INTRODUCTION TO BASIC RFTHEORY

b c

t+ Electric Field

• Magnetic Field0

~ Currents

± Voltages

+ + +

+ + +

i.._

+ ,++
!

+ ++

, - - -.. 00 . 1.

·..· 0 00 0 ·. j. ·. ·..· . 0 0 00 0 0 . ·. j- · •. . ·..· . . 0 0 0 0 0 0 . . ·.;. · . .
- -

- -
0 0 0 00 0 0 . . . ·.. · . . 0 0 0 00 0 0 0

0 0 00 0 0 . ·..· . 0 0 00 0 0

0 0 · · 0 0
00 .. 00

00
, .. 00,

'-- .'

Incident Voltage u
Incident Current i

a' b' c' d' e'

Direction of Propagation -+
Figure 9 Longitudinal section view of travelling voltage and current (idealized)

The incident voltages and currents travel togetheralong the line at the sameinstant
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INTRODUCTION TO BASIC RF THEORY

1.2.4 Resistances and Reactances in a RF line

Li Ri Li = Inductance of the inner conductor

Lo = Inductance of the outer conductor

Ri = Resistance of the inner conductor
C

Ro Resistance of the outer conductor=
C = Capacitance between the conductors

Lo Ro G = Canductance of the insulation

Figure 10 Equivalent circuit of RF line

If the inductances Li and Loand the resistances Ri and Ro are summed up and the wha le circuit
is defined per unit length, the following di stribu ted circuit model appears:

L' R'
L' = Inductance per unit length

10
R' = Resistance per unit length

---=. C' c' = Capacitance per unit length

G' = Conductance per unit length
2

Figure 11 Equivalent circuit wi th L and R defined per unit length

Impedance Zo = impeda nce between 1 and 2, source and termination (Figu re 11).

R' + j2rrfL'

G ' + j2rrfC' (3)

At higher frequenc ies 2 rr f L' is larger than R'

At higher frequenc ies 2 rr f C' is larger than G'

j = factor indicating a phase diffe rence of 90°

At higher frequencies R' and G' have no influence on the impedance

SUHNER CON NECTORGUIDE 15



INTRODUCTION TO BASIC RF THEORY

1.2.5 Impedance of the RF Line

If the dielectric is not soli d but air, the energy woves propagote at the veloc ity of light c.

c = 1
,l Eo X ~IO

(EO and ~ are described an page 201

(4)

W ith a solid die lectric, the characteristic impedance of a standard transmission line is norma lly
expressed as

(5)

where w = 2mand f is the frequency under consideration . i is the standard "operator" used in
circu it analys is to ind icate a phase d ifference of 90°.

The impedance of a coa xial line can also be determined by the ratio of d iameters (refer to Figure 13)
and the dielectr ic constant Er.

z = 377g x In Q = 6~ x In Q = 1 3~Q x log Q
2rr,lEr d ,IEr d ,IEr d

(6)

1.2.5.1 Characteristic Impedance of a low-loss Line at High Frequencies

In a practi cal microwave circ uit it is frequently possib le to assume that a line is lossless(lossless line),
i.e. that R and G are both zero whereupon the impedance is more simply expressed as:

L' = Cable inductance per unit length

16

(7)

C' = Cable capacitance per unit length

SUHNERCONN ECTOR GUIDE



INTRODUCTION TO BASIC RF THEORY

or :

Charact eristic Impedance
Electric field strength E!J

[ohm] = Zo = -H
Magnetic field strength

(8)

The ratio of the volta ge to the current, (the elect ric a nd the mag netic field, respectively) in a
travelling wave is constant , a property of the transmiss ion line determined by the characteristic
impeda nce , which is the same at any reference plane anywhere on the line, provided tha t the RF
line is homogeneous (see Figure 12 be low.

Linewith a high impedance:
strong electric field

Figure 12 Different field strengths

d = Diameter of the inne r conductor

D = Inside diameter of the outer conductor

Er = Dielectric consta nt of the insulation materia l

The cable inductance l ' is determined by the ra tio~ .

Linewith a low imped a nce:
strong magnetic field

The ca ble capacitance C' is de termined by the ratio~

and the dielectric cons tan t Er of the insula tion ma terial.

Figure 13 Dia meters of inner and outer conductors

• The impedance of a transmission (coaxial) line is determined by the
ratio of outer conductor diameter 10 inner conductor diameter
and by the dielectric constant Er of the insulation material

• The impedance is independent of the line length and frequency
(at approximately> 1 MHz)

SUHNER CONN ECTOR GUIDE
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INTRODUCTION TO BASIC RFTHEORY

Impedance Air E, =1 Foam PE E, =1.5 PTFE E, =2.05 PE E, =2.28

50Q 2. 3 2.78 3 .3 3.52

75Q 3.49 4 .63 6 .0 6 .6

Table 2
D

Diameter ratios d of various Er

50 Q line

Er = 2.28

75 Q line

Er = 2.28

Figure 14 Different impedan ces caused by different insulator diameters

• A reduction of theinner conductor diameter increases
impedance

• An increasing dielectric constant reduces impedance

1.2.6 Cut-off Frequency

As mentioned in Chapter 1.2 .2, the upper frequency limit is also called the cut-off frequency and
can be approximated by:

c = 300,000 km/s f - 2 x c
c - (D + d) x IT X [e, (9)

The cut-off frequency is the frequency at which the TEM waves become hybr id, i.e. a field component
in the direction of propagation appears, causing significant change s in the characteristics of the RF
line (e.g . resonances).

18 SUHNERCONNECTOR GUIDE



INTRODUCTION TO BASIC RF THEORY

1.2.7 Wavelength and Frequency

30 em (J 1.81 in.,•. •·t:===~====±========:::i
1...4 GHz

Generator Termination

1 GHz

30 em (1l.81 in.)

1.1= 30 em (11.81 in.)

J.

2 GHz 1.2 = 15 em (5.91 in.)

I.

4GHz 1.3 = 7.5 em (2.95 in.)

Figure 15 Frequency and wa velength

The wavelength becomes shorter as the frequency increases

SUHNERCONN ECTOR GUIDE 19



INTRODUCTION TO BASIC RF THEORY

1.2.7.1 Relationship between Frequency andWavelength

The frequency and the wavelength always depend on each other, a fact expressed by the following
formulas:

v = A x f and v .s, give
IE, (10) (1 1)

v Velocity of propagation

A Wavelength

Frequency

Er Dielectric constant

1.2.8 Velocity of Propagation

The transmission of the electromagnetic energy is not attached to a medium, but can evolve in free
space (seeChapter 1.2 .3) . Theenergy propagates at the velocity of light in air (metresper second).

c = jEO~~O I (12)

The app roximate value is:

c 300.000 km/ s (/ 864 11 miles/ sl

IlO Magnetic permeabi lity of the medium (Henries/metre)

EO Electric permittivity (Farads/metre)

In a line, the velocity of propagation v is dependent on the dielectric constant Er of the insulation
material. Thereby, the following relationship appl ies.

20

(13)

SUHNERCONN ECTORGUIDE
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1.2.8.1 Influence of Dielectric Material on the Velocity of Propagation

Air Er = 1.0

1 GHz

Foam PE Er = 1.5

1 GHz

Teflon PTFE Er =2.05

1 GHz

PE Er = 2.28

1 GHz

Figure 16 Wa ve propagation in various materials

• Every insulation material except air reduces thevelocity of propagation

• Every insulation material except air reduces thewavelength

• Both effects increase along with thedielectric constant

SUHNERCONNECTORGUIDE 21



INTRODUCTION TO BASIC RFTHEORY

1.3 REFLECTIONS
An example af a line with several discontinui ties (steps):

Figure 17 Change of impedance as a result of di scontinuities (moted connector pair)

A discontinuityon a RF lineisa location where theimpedance of thelinechanges

Discontinuities may deri ve from e.g .

- Changes in conductor d iamete rs

- Change in insulator diameter

- Change in interface dimens ions

- Fai ling contact between parts (gap s)

1.3.1 Reflected Wave (Voltage)

A discontinuity can also be the short end itself in a short circui t, where there is total reflection.

Uincident

Ureflected

Short

Figure 18 Short circuit

The trave lli ng inc ident vo ltage meets another voltage of Uinc ident at the short.
The reflected wave has the opposite voltage mag nitude of Ureflected, thus the sum is zero .

22 SUHNERCONNECTORGUIDE



High Impedance

INTRODUCTION TO BASIC RF THEORY

~-~-~c7c+a
~ Low Impedance

Step

Figure 19 Discontinuity as a result of low er impedance (smaller insulator diameter)

The travelli ng wo ve arr ives at the step wi th a magn itude of e.g . +7 V. The voltage must change
beca use the impedance changes at the discontinu ity. A fract ion of the voltage will then be
reflected (refer to Figure 19) .

The incident current will be reflected as well as the incident voltage, because the current
and thevoltage followeach otheralongthe line

1.3.2

Figure 20

Reflection from Various Discontinuities

100% reflection of thevoltage and current
Short reflected voltage changes the
polarity ~ 1800 phase shift

100% reflection of voltage and current
Open<ircuit reflected voltage does not
change the polarity ~ No phase shift

Reflection and shift by short and open ci rcuit

A phose a lways will be zero at the source (reference) .

SUHNERCONNECTOR GUIDE 23



INTRODUCTION TO BASIC RF THEORY

Partly reflected voltage
=} 1800 phase shift

that is

that is

Partly reflected voltage
=} No phase shift

Figure 21 Phase shift as consequence of discontinuities

....
reflected wave

v

..-~
transmitted wave

Figure 22 Wa ves reflected ond transmitted at 0 discontinuity

- Every d iscontinuity creates a reflect ing wave

- On a line w ith a discontinuity, 2 travelli ng waves are propagating :

The transmitted wave will continue to the termination and the reflected wave will return to the source .

RF line without discontinuities =} Ideal or homogeneous line

RF line with discont inuities =} M ismatched line

The extent of the mismatch or discontinuity wil l be deter mined by the quantity of the ar ising
reflect ions.

24 SUHNER CONNECTOR GUIDE



INTRODUCTION TOBASIC RF THEORY

1.3.3 Quantities for Definition of the Mismatch

1.3.3.1 Reflection Coefficient r

Figure23 Reflected waves

r = Ureflected

Uforword
(14)

The reflec tion coefficient (foctorl is the ratio of the reflec ted vo ltag e to the forward voltage . For
pract ical examples of reflection measurement, please refer to Cha pter 4.

The reflect ion factor is usua lly expressed in %: r = Ureflected

Uforword
x 100%

The coefficient tells how much or which percentage of the forward voltage is reRected.

Ideal line

Shortor open circuit

I' =0 (The factar should beas low as possible)

f=O %

f=l

f = 100%

Note: It is possible that Ureflecled (Uback) is highe r than Uforward. This occurs wh en the impedance
increases after a di scontinuity (refer to Cha pter 3 .2 ). Thisonly appl ies to the voltage, the power wi ll
naturally be lower.

SUHNER CONNECTOR GUIDE 25



INTRODUCTIONTO BASIC RFTHEORY

1.3.3.2 Return loss RL

U
R

L
= 2010g Uforword [dB]

reflected

(15) - further is: RL = 2010g ~ (16)

The return loss is a logar ithmic measure of the reRection coefficient (Z1 = Z2 = Zo).

Normally, the return loss is related to the power and not to the voltage.

The return lossisexpressed in [dB) (decibel) and indicates theratioof thetransmitted power to
thereRected power:

Ideal line
Short and open circuit

~ RL = 00 [dB)

~ RL = 0 [dB)

(High return loss ~ no reReetion)

The return lossshould be ashigh aspossible

The return loss can also be defined when the impedance, before and after the discontinuity, is
diffferent :

(17)

Figure 24 Change of impedance

Return loss ReReeted powerin [%) Reflected voltage in [%)

odB 100% 100%

3 dB 50% 70%

6 dB 25 % 50%

10 dB 10% 3.5%

20 dB 1% 10%

30 dB 0 .1% 3.1%

Table 3

26

Comparison af return loss to reflected power and voltage

SUHNER CONN ECTOR GUIDE
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1.3.3.3 Voltage Standing Wave Ratio VSWR

A long a mismatched line, two trave lling waves will propagate:
O ne wave travels forward a nd the other is reflected . Both w aves w ill have the same frequ ency. When
the vol tag e is measured at a point of the line, a vo ltmeter w ill ind icate the sum of the vol tages of bo th

trave lling w aves at this particular po int:

Usurn = Uforword + Ureflected Usurn [s.t] = Ufor (s,tl + Uref (s,t)

s = d istance [urn]
t = time [s]

(18)

This mean s that the travell ing waves are summed . It can be show n tha t this summed w ave does
not actuall y travel along the line , but stands still . In other words : at any refere nce plane (po ints),
there w ill alw ays be a maxi mum or a min imum voltage. This wave is ca lled a standing wave.

U + UVSWR = forword reflected

Uforword - Urefelcted

(19)

W hen Ureflected = r x Uforword:

U + rxuVSWR = forword forword

Uforword- f xUforword

(201

Urnox = Uforword + Ureflected

Urn;n = Uforword - Ureflected

(22)

VSWR = Urnox
Urnin

(211

VSWR = UL
1-f

(23)

The standing wave ratiois the ratioof the measurable maximum voltage ta the minimum
voltage along a homogeneaus RF line( > A):

Ideal line

Short circuit or open circuit

SUHNER CONNECTORGUIDE

VSWR = 1.0

VSWR = 00

(The VSWR should be as law as possible)
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Standing Waves:

INTRODUCTION TO BASIC RF THEORY

Total reflection:

VSWR = Umax

Umin

High reflection

oc

"=lUm.. - Um"

Figure 25 Various standing waves

28

Moderate reflection

Low reflection

No reflection

VSWR = Umax

Umin
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1.3.4 Comparison between the Quantities of I', RL and VSWR

Reflection Coefficient VSWR Return Loss ZI =Z2=Zo

(24)
I' = Ureflected

(25) U + U (26) UVSWR = forward reflected Rl = 2010g forward

Uforward Uforward-Ureflected Ureflected

(27) f= __l _ (28)
VSWR = l.±..I

(29)
Rl = 2010gt010g(4 ) 1- f

(30)
f = VSWR-1

(31 ) 010g(4 ) + 1 (32) ( VSWR + 1)VSWR =
VSWR+ 1 010g(4 )-1

Rl = 2010g VSWR-1

Table 4 Relationship between r. RLond VSWR (equations 24 through 32)

fi gure 26 Table of compari son of magnitudes (refer also to the table in the formula booklef

r
1.0---

poorlyaligned
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well aligned
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1.3.5
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Reflection from two or more Discontinuities

Wave 1 forward

A reflected

Wave 2 forward

Wave transmitted

Sum A+B..
o

Figure 27 Reflections from several di scontinuities

B reflected

D
D = Distance between

discontinuities

On lines with two or several d iscont inuities, two or more reflected travelling waves will propa­
gate (see Figure 17 in Chapter 1.3) .
The absolute reflected signal is the sum of the reflected individua l sig nal s.

2

Total reflection = Areflected
+ Breflected

Figure 28 Two reflected waves (1) equivale nt to total reflection 12)

30

0 ,
").,, /2
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W ith two or several d iscontinuities, the magn itude of the tota l reflected signals depe nds on the dis­
tance (e.g . in wavelengths) between the discontinuities.

Connector A Connector B

Cable length I 9
r

I . frequency

Reflected signals cancel each other out

Figure 29 Reflected signals spread over coble length

1.4 ATTENUATION LOSS OF RF LINES

Energyin

L' R'

D
· · · ·~

... C' G' --.
Pin ....--0 Pout

Energy out

Figure 30 Attenuation loss (loss of energyjthrough the cable

The attenuat ion (or transmission) loss ind icates how much energy is lost during the transmission
of the signal through the RF line (Figure 30) .
The three fol low ing factors inf luence these quant ities:

The electrical energy w ill port ly be converted into thermal energy (heat), caused by the cop­
per loss (skin effectl and the die lectric losses.

Reflected energy is lost in transmitting d irection.

Leakage (poor shieldi ng) causes radiative losses of the electrical energy.
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1.4.1 Determination of the Attenuation Loss

Attenuation = a = 10 log Poweroul [dB]
Power.,

INTRODUCTION TO BASIC RF THEORY

(33)

The transmission loss (attenuation) indicates how much lower the outgoing pow er is in compa rison
to the incoming power.

W ith the above equation (33), the value w ill be negative. Toavo id confusion, the attenuation isoften
stated as a positive figure .

1.4.2 Attenuation Loss Components of Conductor and Dielectric

Total transmission loss is:

a total = a conductors + a dielectric + a leakage

Cr. tangens

Figure 31 Attenuatio n losscomponents

°a
° b
Er

tangens 6

= conductivity of the innerconductor
= conductivity of theouterconductor
=characteristic of insulator material
= characteristic of insulator material

The cable attenuation loss is the sum of the conduc tor losses (e.g . copper losses) and the
dielectric losses.

a ConduClors [dB/ m] (34)

adieleClric = ad 90.96 x f x i f:; x tono [dB/ m] (35)

The constants are calculated w ith f in [GHz] and the diameter d and D in [mm] .
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Z is the chara cter istic impedance in ohm [Q], grd and grDare the materia l resistivitiesof the conductor
in comparison to copper. That is: grd = 1 for a copper inner conductor and grD= 10 for a steel outer
cond uctor, because copper has a conductivity about 10 times beller than steel. Ii is the skin depth,

w hich is def ined as the depth at w hich the current density is reduced to ~ or the equiva lent thickness

of a condu ctor at dc having the some resistance.

a • Dielectric" "%

Ouler conductor

1-

100 MHz 1 GHz 10 GHz

Figure 32 Attenuation loss as a function of the three coble components

A lower allenuatio n loss can be achieved by the followin g:

A large cob le diameter

High conductivity of the materials

Low diel ectric constant

Little skin depth

Up to ab out 10 GH z the conductor losses ore do minan t.
From ab out 10 GHz the d ielectric losses are dom inant .

1.4.3 Shielding

The goa l of a good RF line is to maintai n the electric and magn etic fields between the two conductors.
Due to mechanical and manufacturing constraints, a 100% enclosure is rarely feasible . Therefore,
port of the energy can leak from the transmission line.

Except for rad iating cab les, the energy leakage is considered to be a loss. It causes interference
(cro ss talk) or even erro rs in a system. The leakage is depe ndent on the freque ncy as we ll as on the
physical constructio n of the line. To ovoid high leakage, good shield ing must be ach ieved by a fully
enclosed die lectric.

The shielding effectiveness is also called the minimum leakage or the maximum tran sfer impedance,
which is the characteristic va lue describ ing the screening effectiveness, based on the resistive and
the inductive mechan ism.
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Figure 33 A simplified illustration of a shielded connector (RF leakage low)

Figure 34 Example af the same connector, unshielded (RF leakage high)

Shielding/RF Leakage:

Shielding means preventing

• unwanted electromagnetic energyfrom penetrating intotheconnector

• unwanted energy radiating fromtheconnector (gaps)

Shielding Effectiveness (SE):

Determination of reduction in field strength resulting fromplacing a metallic shell
between a source and receiver of electromagnetic energy
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O @
Microwave

current only penetrates
a few 11m

o
RF

6

6 = skin depth

LFdirectcurrent

current across the
whole cross section

1.5 THE SKIN EFFECT

Figure 35 Skin depthat different frequencies

The ohmic resistivity of a metal conductor wi ll incre ase pro porti onally to its DC resistance wit h
an increasing frequency. This derives from the fact that current lines inside the conductor wi ll be
forced more and more towards the surface because of the magnetic inductance effect. On the
other hand, a conductor, through w hich a di rect current travels, shows a homog eneous current
den sity across the whole cross section of the line. At very high frequencies the current does not
stay inside of the inner conducto r and the outside of the outer conductor, but w ill flow in a very
thin layer at the conductor surface (inner surface of outer contact, outer surface of inner contact ).
This state is called the skin effect. The physica l expla nation comes w ith the figure below:

a ( "€l !I)
b (DOQOOe[)

Figure 36 Current density nearing thesurface

A curren t il flow s through a w ire, causing a ci rcular magnetic field H to ap pear inside and in
the immed iate vic inity of the wi re (refer to Figure 36a). If the current il is an alternating current,
the resulting magnetic field is also alterna ting . Through induction a counteracting voltage wi ll be
generated ca using secondar y currents i2. They flow in the opposite direction of il deep inside
the w ire and in the same direc tion as il near the surface of the w ire. The current density near the
surface of the w ire tends to be higher than deep inside the w ire (refer to Figu re 36 b).

Wires carrying an alternating current tendto conduct the power only of the near­
surface material
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Normally, at microwave frequencies, the major part of the current il flows at a depth of approx. 36
(3 skin depths, which is equivalent to about 95 % of the total current i l l .
The skin depth 6, in which approx. 37% of the current flows, is calculated as follows:

6 =K x - 1-s-;-

f = frequency
o =conductivity =
Q = resistivity

1
Q (36)

(37) &

(38)

K =factor for the medium

Example with copper - ~O = 4rr x 10- 7 Him (permeabil ity of vacuum)
~r = 0.99 Him (relative permeab ility for copper)

As approximation applies: QCe = 1.724 x 10-8 Qm (Resistivity for copper at 27°q

I ° Ce = 58.00~ I (Conductivity for copp er)

KeD = 503 - 6 = 503 x 1

If · j 58.00 '
66~m

j f [MHz]

All the follow ing values appl y to copper conductors:

Frequency Skin depth

50 Hz 9 .3 mm

106 Hz = MHz 0.07 mm

109 Hz = GHz 0.002 mm

1012 Hz = 1000 GHz 0.07 ~m

Table 5 Frequency vs skin depth

High frequency
High conductivity

36

thin skin depth
thin skin depth
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1.6 PASSIVE INTERMODULATION (PIM)
The phenomenon of intermodulation has become a very widely used term in connection wi th the
interaction sensibi lity in systems, especially broadband rad iocommunication or cellular communica­
tion systems. And what is act ive versus pa ssive intermodulation actually?

Active intermodulation is under stood to mean the generation of mixed frequenc y products in trans­
mission elements w ith non-linear charac teristics (diodes, tubes, transistors). This is the case, for
instance , whe n ap plying the signal of a local osci llator ho along wit h the signa l freq uency fRF to
the input of a component w ith non-linear characteristics in a rad io receiver. By this, the intermediate
frequency flFequa lling fRF- ho isob tained . Howeve r, numerousother signals are created in add ition
to this mixed product. In case of components with non-linear characteristics , the mixed products are
often desirable and are purposel y utili sed.

=
(39)

(m and n are intege rs)

Active intermodulation Mixed frequency products in a transmission
elementwith non-linear characteristics

O n the other hand, passive intermod ulation (PIM) products are genera ted by the combination of
two or mare sig nal frequencies occurring in components theore ticall y having linear transmission
cha racter istics, but whose beha viour is just as non-linear. Abso lute linear ity is only a mathema ti­
cal ideal. In other words, these products are undesirable.

Passive intermodulation Mixed frequency products in components with
assumed linear characteristics

Whether active or passive produc ts have any signi fica nce depends on the par ticular system and
the components used. The instabilities of the intermodulation level, w hich may result from micro­
scopic changes of individual part s in a system, are the greatest difficulty.

Example how to avoid passive intermodulation:
Only if each and every component in the system has been carefully desig ned and assembled wi th
low-intermodu lation behaviour in mind , and every threaded connec tion has been tightened under
strictly defined condi tions, it w il l be possible to achieve measuri ng dynamics exceedi ng 175 dBc
(refer also to PIM in the chap ter on test and measurements).

A measuring setup with stable characteristics alone wi ll not solve the problems involved in PIM mea­
surement. In orde r to classify the inf luence of intermodulation behaviou r of a g iven component, it
is important to find the wo rst possible intermodulation level in the whole system and not focus on
the components w ith very li ttle unstable behaviour.
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The reasan w hy PIM shauld be avoided : The interference (1M) arising, say, in mobile base station
equ ipment cauld lead to a repeated or even continuous breakdown, mean ing loss of connection or
power cut.

1.6.1 Specifications

In mobile rad io systems, severa l transmission channelsexist in a single base system, and the transmis­
sion and receiving channels cannot be determined in advance. The third-or der intermodulat ion prod­
ucts of these transmission channels may already fall into the receiving band, making the problem
of passive intermodu latio n more acute than ever.

The speci fication limits for third-order intermodulation products in modern telecommunication sys­
tems are in general- l 00 to - 150 dB related to the 2-<:arrier level sum (transmitting power), which
has a magnitude from 20 up to 200 watts . However, the detection of intermodulation disturbances
in systems and pinpointi ng of the error-<:ontributing components at more than 150 dBc are nearly
impossible, even under good laborator y condit ions. However, the signal ratios between the transmis­
sion power and intermodulation should be greater than 150 dBc. This is especia lly so in the field
of antenna feeder measurements.

Tomeet such a requirement, all compone ntsmust be designed, assembled and handled wi th extreme
care (refer to chapter 3 on coaxia l connector design).

Desired system specification:
HUBER+SUHNER specification:

PIM
PIM
(dBc
(dBm

> 150 dBc
~ 155 dBc
= power ratio related to carrier= dBcarrier)
= absolute value related to 1mW)

- Ferromagnetic materials
- Current saturation
- Highcorona level
- Small cracks
- Oil or grease layers etc.

Iflarge intermodul ation product sare to be avo ided , there are a lot of factors to be aware ab outw hen
designing and handling connectors. The tab le below shows just a few of the elements influencing
the magn itude of intermodulation .

Some typical contributions to intermodulation products:

- Oxidazed metol contact surfaces (caused by aluminium/otheroxidative plating materials,
butcan be avoided by using silver instead)
(steel, stainless steel etc. cause non-linear behaviour)
(current and voltage will cease to be a linear function)
(plasma eHect)
(occuring at thecontact surfaces etc.)
(between thecontact ports, notallowing purecontact)

Refer al so to Chapter 4 on Tests and M easurements.
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2. MATERIALS

2.1 CONTACT MATERIALS AND PLASTICS
With in the chapter one in this booklet, mater ial s or dielectric constants have been mentioned with
regard to electrica l or environmenta l performance. Choosing the ba se, insulat ing and interface (plat­
ing) mater ial s in the beginn ing of the connecto r design process essentia lly defines the conne ctor
character istics, determining how w ell the overa ll device or system w ill operate .

This chap ter w ill cove r descriptions and comparisons of some co ntac t mater ia ls and plastics used
for connectors and cables. The tables in Appendix 5 .2 and 5 .3 conta in additional mater ia l spec ifica­
tions, for exam ple electrochemical potentia ls and con ductivity. They ca n help you choose the desired
contact material for you r connector appl ica tion , or just for reference pur poses of a lready cho sen
co nnector s.

2.1.1 Requirements and Design

A contact materia l has varying combi nations of properties, wh ich make it difficult to select the best
alloy to meet the requ irements for a new contact appl icat ion . Certa inly, the designer must be aware
of the character istics and interrelat ion ships d ictating the material performance, available alloys,
quality and cost effec tiveness. In the desig n process, however, it is important for the designer to know
why an d how the material would influence the connector performance, but a lso how to meet the
complex customer needs.

When a con necto r prov ides the co ntact betw een two devices of an electronic system, yo u expect
it to carry through the signals w ithout unacceptabl e d istort ion or power loss. The actua l contact area
between the two pa rts is sign if icant in the sig na l pa th, as it is here that the electr ical contact is main­
ta ined . In the co ntact are a, changes in signal transmission ar ise d irectly or indi rectly from the mate­
rial related characteristics, listed below in Table 6 .

The surface smoothness concerns the theo ry stating that the rea l surfaces are not pe rfect ly smooth,
wh ich influences the size of the contact are a (refer to Figure 37 below],

F F F A-spots• • •SURFACE 1
....;::r-.:. -;....

SURFACE 2• • • effective

F F F contact
area

Figure 37 Contact theory (flat on flat surfacel- microscop ical view
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The bulk surface consists of high and low regions, wh ere only a few of the regions touch each other.

These spots are called asperities (A-spots or the high regions), prov id ing the sum of the effective
metal-to-metal contact spots under sufficient load (refer to Figure 37) . The number, density and size
of the A-spots vary. Their characteristics are dependent upon applied load (contact force F), surface
hardness, surface geometry and the presence of oxide or conta minant fi lms on the surfaces.

Requirements Influencing factors Material characteristics

Mechanical Surface smoothness - Machining and plat ing

Contact geom etry - Design and tolerances

Conta ct force - Elastic ity of material
- Heat treatment
- Dimensio ns and tolerances

Insertion and extract ion forces - Material fatigue
- Con tact finish
- Dimensions and tolerances

Electrica l Bulk resistance Co nductivity /res istivity

Contact resistance O xide film and contam inants

Current capacity Electrical and thermal conductivity

Insulation resistance Con ductivi ty of the insulation

Atta chment Soldering - Solderabil ity
- Bond strength
- Solder
- Heat stabi lity
- Dimension and tolerances

Compl iant pi n (or PRESS-FIT) - Formabil ity
- Sprin g force and strength
- Dimensions and tolerances

Cri mping - Formability (cold weld ing)
- Springbock
- Strength
- Dimensions and tolerances

System Reliability - Stress relaxation
- Machinability
- Solderabili ty

Environmenta l Co rrosion resistance Meteorolog ical resistance

Temperature, etc. Temperature range

Table 6

42

Requiremen ts and influences
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FFFF

The contact ge ome try is also a factor increasing or decreas ing the effective or actua l contact area .
The de sign and conta ct form (see Figure 38 below) determ ine the size of the surfaces connected .

The contact poi nts will pro duce infinite stresswhen they are concentrated on one or few spots. W ith
the purpose of dec reasing the contact stress, the con tact force should be distributed over a greater
surface area. The figure below show s examp les of different geometric contact design s in order of
increas ing contact area and decreasing contact stress.

Sphere on flat Crossed cylinders Cylinder on flat Flaton flat

Figure 38 Contoct geometry

The contact force F, as shown above, prov ides the contact between two surfaces . When the constant
force enabl es the contact to mainta in electrical integ rity, the spr ing force of the material establishes
the interlace between connecting surfac es, thus avoid ing the penetration of corrosive contam inan ts
causing electrica l instabili ty.

The insertion and extraction forces (a lso called mati ng and demo ting force s) are d irectly prop or­
tiona l to the contact force and the coefficient of friction. When talking about insertion, the insertion
cycles are important. The number of insertion cycles means insertionsa llowed before signi ficant fac­
tors beg in to change. Those factors can be wear, conta ct force , number of contact po ints, coe fficient
of friction and lead-in ang le of the matin g par t and desig n requ irements.

Low abrasion strength, low spring force and softness of the surface and spring materia l are four of
the influencing properties wh ich may reduce the quantity of the above-men tioned factor s, thus reduc­
ing the number of insertion cycle s. Some mater ial w ill be worn off by mating and demoting , which
leads to a change of connec tor dimensions [tolerances increase). Finally, the contact force and other
factors will be lower than specif ied .

The bulk res istance is the actua l conductivity or resistivity of the mater ial mass itself. The mater ial
chosen for the application should be able to transmit the load applied with minimum loss.

The contoct resistance , a pa rt of the total connector resistance, arises from the contact force , geo me­
try (design and contact areal and surface characteristicsof the connecting surfaces. Itcan be d ivided
into bulk resistance, fi lm resistance (oxide film) and constriction resistance ("n arrow ness" of Aspots).
Please refer to Figure 39 below.

The film resistance between the contacts is built up of thin layers of " insulating " mater ial , i .e. oxide
film or contaminants . On ly a minimum of the vo ltage will break through the film resistance. The
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constr iction resistance is the sumof the A-spotsw hich makes up the part resistance. The contact resis­
tance is a function of conta ct or normallorce.

F..

•F
Figure 39 Contact resistance

Rconstriction Rfilm

CR = Contact Resistance
R = Resistance

Rfilm Rconstriction Rlilm

Note: The ab ove factors are called resistances, though the contact point s might be regarded oscon­
duct ive or positive to the transmission of current . It is a resistance because the mater ia l w ill always
be a hindrance to the current flow, not neutral and not supporting . Oth erw ise, the theoretical ideal
line without losses would be achievable.

The currentcapacity is the maximum current all owed for a given temperature rise. Base material s
w ith higher conductiviti es (electrical and thermal) allo w greater current flow wi th lower temperature
rise, dependin g on the contact material, geometry and normallorce .

The insulation resistance is the resistance to current flow, usually depending on the resistivi ty of the
insulating material, e.g . a PTFE dielectr ic, in the connector.

The mechan ical and electrical attachment ofa connector to a PCBor a cable wi ll be do ne by a solder,
a press-fit or a crimp proce ss. The solderattachment demands an excellent solderabil ity of the solder­
substrate (e.g . tin-lead plated solder legs) and pla ting (e.g. silver or SUCOPLATE). In add ition, the
temperature stabili ty of the base materi al (e.g . beryllium copper) and the conta ct mater ial at the sol­
der-substrate interface must be high to avoid metallurg ical changes.

The press-fit proce ss is a mechan ical atta chment wh ich demands go od formabil ity leatures of the
compliant pin s, as a section wi ll be deformed when pushed through the plat ed-through-hole on the
PCB. A high material strength prevents buckling by insertion and good spring propertieswi ll provide
reliability of the joint.

The attachment of cables to connectors (cable assemblie s)usually requires a crimp too l to crimp (cold
weldi ng) the conductors tog ether. The material that is crimped onto the connecting parts, i .e. the
inner conductor of the cable to the inner conta ct of the connector, must be formable . The process
of cold welding makes it po ssible to furn ish an acceptable electri cal and mechan ical connection of
crimps.

The environmental influences 01 a product play an imp ortant role when choosing a material for a
certai n application. The operating environment has specilic chara cteristics such as temperature
range, presence 01 vibration, shock and corrosi ve elements like ga ses and salt water emissions. The
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connector mustbe made of materia lsand to be designed so that can wi thstand theseconditi onsw ith­
out lacking any other property.

One of the critical steps in the design proce ss is the selection of material s. The selection does not
only depend on the connector itself, but also on the final attachment onto a panel, print board or
to a cab le. In addition , industry trends influence the design by requiring miniaturisation , higher oper­
at ing temperat ure, faster operating speed as we ll as shorter development cycles, greater durabil ity
and lower prices . The flow cha rt of a typical connector design proce ssis shown in Figure 40 below.

DESIGN PROCESS

INDUSTRY TREND & CUSTOMER NEEDS..
CONNECTOR REQUIREMENTS &STANDARDS

MATERIAL

PROPERTIES •

Figure 40 Design process

DESIGN & ANALYSIS..
PROTOTYPE & VERIFICATION..

QUAUFICATION..
PRODUCTION

The choice of materia l should be don e "method ica lly" , meaning isolation of the critica l factors before
design ing the connector. The materia l properties should then be evaluated wit h the total requ ire­
ments of the final application. This would help the engineer in design ing a connector adapted per­
fectly to the customer's needs. The d isadvantage of overlooking these facts is that when a connector
or a connector pair cannot perform as expected it may reduce the entire transmission system per for­
mance or even make it inoperative.

2.2 BASE MATERIALS
Base materia ls are important parts of rad io frequency applicat ions. They form the basis needed for
an uninterrupted loop; they keep ci rcuits from "cross talking"; and they create the boundaries for
RF energy when used in coa xial lines.

We will be dea ling with some of the most widely used alloys, such as beryll ium copper and brass.
N aturally, a huge number of other metals are ava ilable. There are especially many copper-based
alloys, but we have chosen the range of materia ls below to be some of the most significant materials
when good or excellent electrical , mechanical and environmental performance is required .
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Base Materials are the basic materials of the connector components, before applying pos­
sible alloying . Selecting the proper material considers the following requirements;

- Good electrical conduct ivity (minimise bulk resistance, especially as frequencies go up)
- Machinabil ity and ductility - easy and reasonable to shape, machine or form
- Good stability and tensile strength to w ithstand mechanical inAuences
- Good stress relaxation - resisting strain and elevated temperatures
- Hardness - reducing the wear deterioration of contact metallisation
- Reasonable price

2.2.1 Copper

Gene rally, copper is one of the most commonly used metals for conducting electrical signals due to
its excellent electrical and thermal conductivity. The higher the conductivity, the greater the current
flow will rise. For RF connector s and cables, however, copper is usually appl ied as an alloy base
metal or an electrodepos ited metal. The corro sion and chemical resistance of copper are fair to
good, though the surface will turn blac k and form a green patina if exposed to sulphur compounds.
The high melting temperature and the fairly high tensile strength (softer than brc ss] gives it excellent
machinability. Thiscan be achieved despite its tendency to smear; i.e. cold stamped or hot formed .

As mentioned above , copp er is also appl ied as a plating . For obta ining a better adhesion of the
fina l protective plat ing, copper is often deposited as plating flash on the base materials. That is one
of the reasons why it has been a well-known silver-plated base material for coins through the ages.

Various connector and cable components: Crimp ferrules, w ires and tapes. Copper is also used as
final coating on cable aluminium wires.

Used as underplating on ba se materials: Steel, brass, aluminium and go ld .
Underplating for final platings: Solder coatings and tin-nickel plate.

2.2.2 Beryllium Copper Alloy

As with copper, bery llium copper has a good electrica l and thermal conductivity. It can be used un­
pla ted, because the corrosion resistance is good, except to ammonia and strong acids and bases.
Strong basesand adverse environmentscan even cause stresscorrosion cracking. The goo d thermal
conductivity and very high tensile strength allow it to be exposed to high temperatureswi thout risking
melting and deteriorat ion of other qual ities.

This metal, typically named CuBe2, is an alternat ive to the pure or even silver-bearing copper, as
it has a better corrosion resistance. Another difference between copper and beryll ium copper is the
lower electrical and thermal conduct ivity of CuBe2 . Its machinability is better than that of copper,
but not as good as that of phosphorus bronze . In addition, beryllium copper can be heat-treated and
has excellent long-term spring chara cteristics. However, it is significantly more expensive than other
materials used for contact par ts.

Beryllium copper is used for the following connector components : Contact sockets (electrical con­
tacts), spring fingers and, for example , SMA bodies .
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2.2.3 Phosphorus Bronze (Copper-Tin-Phosphorus Alloy)

Phosphorusbronze, olso co iled CuSn6 or BZ4, is 0 combin ation of copper (Cu) ond tin (Sn) including
a few phosphoru s ond zinc compounds. This ol loy is 0 quite soft metal. which only gets its strength
from cold working , i.e. stomping ond bending. Phosphorus bronze con be an attract ive substitute
to other copper alloys because of the reasonably equ ivalent characteristics. This might be the case
if the cost considerationsof the product do not permit the useof beryllium copper, or w hen the techni­
cal specifications do not mandate CuBe.

Phosphorus bron ze is used for the connector components : Large contact sockets, resilient contacts

and outer conductors.

2.2.4 Brass (Copper-Zinc-Lead Alloy)

The base metal brass (typically CuZn3 9Pb31 is also a very soft and very easily machined material.
The name " free-<:utting brass" is der ived from add itives that cause chips in the machin ing proces s
to brea k easi ly, thus preventing long tang les of chips that may disturb the final shape of the piece­
part. As w ith bery llium copper, bra ss conducts thermal heat and electricity well. Furthermore, the
resistance against industrial, marine and rural atmospheres and var ious oils is good ; to sea water
it is fair. Ammon ia ond ac ids will also attack brass.

Normally, brass is plated with either gold, silver, SUCO PLATE or e.g . tin-lead . The corrosion resis­
tance and strength are impr oved by add ing goo d meta llic cond uctor mater ialsw hich ca n meet these
environmental and mechanical requ irements.

Brass is used for the following connector pa rts: Con nector bod ies, housings, outer cond uctors and
contact pins.

2.2.5 Stainless Steel

In the mechan ical industry, steel and stai nlesssteel are some of the most frequently used metals. Stain­
less steel, in the connec tor industry as such, is mostly used for appl ica tions requ iring a hard metal,
e.g. outer conductors. It is not extensively used for contact parts , as it hasa low electr ica l conduct ivity
and comparatively poo r mach inabil ity. On the other hand , itshigh stabil ity, high melting temperature
and fair corrosion resistance are excellent characte ristics, espec ia lly w hen the material is used for
the outer component of a prod uct, as e.g . a housing of a RF conn ector. Keep in mind that stainless
steel is more d ifficult to machine than beryllium copper.

Usually, sta inless steel is only used as base material for bod ies and outer contacts.

2.2.6 Aluminium Alloy

A luminium is ra rely used in its elementa ry for m but ra ther as an alloy. A typical repre sentative is
Anticorodo l'" , whi ch iseasily machined while retain ing its self-protective charac teristics. In add ition,
most connector applicat ions using An ticorodol'" do not requ ire a plat ing .

Anticorodal® is a compound consisting of alumin ium, magnes ium, silicon and lead. Becau se of the
high alumin ium content, it has good electrical and thermal conductivity and a self-protect ing prop­
erty, an excellent oxidation resistance. Itis a ligh tweight metal w ith high mach inabil ity, whi ch iscon­
sidered to be more cost-effective in certa in applications and an a lternative to more expens ive and
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heav ier metals as e.g . brass and even steel. A disadvantage is the law melting temperature, which
limits the possibi lities of using the metal in high temperature applications.

Ant icorodcl'" components: Bod ies, body par ts for CATV connectors and components.

A short summary table of the base materia ls is show n below. The ratings can only be regarded as
comparison averages due to the endle ss number of ava ilable alloys .

Beryllium Phosphorus Stainless Aluminium
Features Copper copper bronze Brass steel alloy

Contact resistance * ++ + + + - +

Abrasion resistance - - - 0 - + -

Discoloration - 0 0 + + +

Price + - + - ++ -

Table 7 Compar ison of common ba se materia ls

Note : Roting vories from ++ (exce llent/ very low price], + (good /l ow price], a [lctr} , - (poo r) 10 - - Ivery poor/ very high price).

' Contoct resistonce should be os low os possible 1++ = very low/excel lent}. Further proper ties: Reier 10 Append ix 5 .3 .

2.3 PLATING MATERIAL
The second topic in this section is plating . This booklet w ill confi ne itself to some frequently used me­
tall ic plat ings (interface materials), as these prov ide the best electrical conductivity, abrasion, etc.,
compared to e.g . well-know n plastic coati ngs.

Metallic Plating usually has to:
- Add conductive material to supp ly sufficient current carry ing capacity

(good electrica l and thermal conductivity)
- Diminish or neglect surface oxida tion and provide protective coat ing over conductors

[such as copper alloy base metal) and resist cracking/ spoil ing
- Prov ide good contact between conductors
- Achieve a good solder or weld attachment surface
- O bta in a better wear resistance (abrasion resistance and hardness)
- Provide interconnections from one conducti ve layer to another

(A rule-of-thumb for the cha ice of a plating or no plating at all is that normally pure, noble base metals
do not need a pla ting, w hereas most non-noble metals do. However, as connectors made of noble
metal only would not be an economical solution, the nob le metals are normall y applied in thin layers
on the non-noble base metals.)

Electralytically deposi ted metal s are not only appl ied to the base material s to make the components
look shiny and attract ive. These coati ng material s have very impo rtant influences on the electrical
and environmental performance af the connector and cable items. HUBER+SUHNER hasspecialised
in this technology and is a competen t par tner for developing and applying proper coatings for spe­
cific usesand conditions. SUCOPLATEwas deve lope d wi th the purposeof supplying a pla ting wh ich
could resistoxida tion and ensure a strong non-abra sive yet attractive surface for a reasonable price.
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The abov e-mentioned plating featuresare typica l characteristicsof electrolytically deposited materi­
als: High electrical conductivi ty, good wear resistance, low contact resistance and naturally good
adhesi on to the base material or the underplating. They are probably the four most important fea­
tures, beside s price of course, when choosing the right pla ting metal or combination for your applica­
tion. For further information about plat ing thickness, please refer to the SUHNERCoaxial Conn ectors
General Catalogue.

Gold (symbol Au) is a prec ious metal ava ilabl e both as a soft fine go ld and a hard version. Gold
is usually alloyed to g ive it more strength. It isa good conductor of heat and electricity and unaffected
by air and mostreagen ts, wh ich makes it a superb material for electrica l signal transmission. Anoth er
characteristic of gold is that it has a good machinabi lity because of its ductility and high melting
temperature.

The major use of gold in RF appl ications is for plating. Gold can be depos ited on nickel or copp er.
Inner conductors are frequently gold-plated, when e.g . good conduct ivity, excellent oxidation resis­
tance and contin uous mating (repeatabi lity) are required. Even in highly pollu ted atmospheres a
gold surface is free of oxide . However, nickel is often depos ited as under-plat ing to gold, because
gold is qu ite expensive compared to other plat ing materia ls (see Figure 41 ).

However, sometimes gold platin g is really the best metal to use for a par ticular appl icat ion. When
the connector is soldered onto a PCB surface, the nickel underplated gold legs (soft gold) provide
a good solderable surface. The electrical performance of gold is also better than that of e.g. nickel
underplated tin-lead legs, because gold has a better conductivity than tin-lead. However, the soft
gold for solder appl icat ions has some disadvantages, as its wear properties are poor. It has a high
tendency to smear and thereby it would function as a sor t of " lubricant" .

In some applications , i.e. military, space, etc., the designe r might want to apply a thicker layer of
gold as the base plate , which wi ll then act as the ground plane for the connector line and provide
high reliability. W henever an excellent corrosion resistance, an untarn ished surface and a constant
and low contact resistance (i.e. no oxide film) are requ ired, gold is the mostsuitable plat ing material.
However, to minimise the cost of the connector, the thickness of the go ld plating is usually kept to
a minimum, or another suitable allo y is chosen. Some RF standards have even defined the minimum
plat ing thicknessof gold for some series to gua rantee a good performan ce and thereby prevent sup­
pl iers from applying a thinner layer.

The disadvantages by making the gold pla ting as thin as possible are the risk of contam ination (be­
cause of high porosity) and wear-through . Though gold iscorrosion resistant, base metal spotswould
result in a di ffusion of the basemateri a l to the surface and thereby lead to subsequent cor rosion (refer
to Figure 41 below) . Base metal spotsarise from porosity and wear the gold away (e.g . by repeated
motinqs].
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Toavo id diffusion, nickel is frequentl y used as underplating , a so-called diffu sion ba rrier , whi ch slows
down the speed of di ffusion considerably. The nickel underplating can only be depo sited on non­
magne tic base materials becau se of the hig h rela tive permeabil ity (refer to nickel). W ith the purpose
of reduc ing the risk of wear-through and still reta ining ductil ity, it is impo rtant to choose a thin gold
plating w ith a moderate hardnes s.

Commonly gold-plated connector compon ents: Inner conductors, spring s and generall y the bodies
and outer condu ctors of PCB connectors (only for soldering) .
Can be deposited on the following ba se materials : Copper, brass, nickel and silver.

2.3.2 Silver

The symbo l for silver is Ag . This nob le metal is often used for the plat ing of co ins. Silver is a little
harder but also somew hat cheap er than gold . Its excellen t electrical and therma l conductivity makes
it very suitable for surface plating . Silver is used in RF appl ications for making solder and brazing
(plat ing) contacts. Having the best conductivity of all metals also means that this metal can car ry a
high current load with the least loss. Thischara cter istic isparticularly advantageous w hen a low pa s­
sive intermodu lati on product is desired (refer to Chapter 1.6).

The other features of silver are that it is easily shaped, has a very good conductivity of heat, good
corro sion resistance in air and wa ter and - in addition - the lowest contact resistance. A di sadvan ­
tage is that silver tarnishes (creates an oxide film on the surface ) when exposed to ozo ne, hydrog en
sulphide and sulphur. Tarnishing can be slowe d do wn by passivati on .

Vario us silver-plated connector/cable components: Conductors, contacts, ferrules and sleeves.
Can be deposited on the base mater ial s: Most ferrous, non-ferrou s metals, nickel and copper.

2.3.3 Nickel

The non-noble metal called Ni, nickel, is harder than go ld, malleable, ductil e and a fair conductor
of heat and electric ity. In RF application s, nickel is often applied as a coating material , but it is also
w idely used as an alloying constituent in stainless steel, other corrosion-resistant allo ys and in co in­
age.

Commonly, nickel is used as underplate with top coatingsof gold (see above) or other noble metals.
N ickel is typically deposited in layers ow ing to its crysta l structure, w hich makes it suitable as a bar-
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rier to copper diffusion through go ld. Such a ba rrier prevents the migration af base materia l atams
to the top plat ing layer. Therefare , oxidation is effective ly eliminated.

It has a fair electr ical and paor magnet ical cha racter istics. Its high permeability limits the use in ap­
plications whe re magne tic materia ls are not acceptable . Corrosion resistance is fa ir. Used as fina l
plating material , the risk of flak ing is fairly high due to the laye red depositian of electrop lated nickel.
The flaking risk depe nds on the depas iting proce ssand the thickness of the plat ing . Besides, nickel
has an unfartunate effect on sensitive skin, as it can provake a nickel allergy by repeate d contact.

Various nickel-plated connector components: Bodies and outer conductars.
Can be depos ited an the base mater ials: Mos t ferrous and non-ferrous metals.

2.3.4 lin-Lead Alloy

The non-nob le tin-lead alloy plating is a soft material wi th hard and brittle oxides. W hen used as
a con tact material , it is ab le to break through the Filmof oxides between the surfaces and achieve
metal-te-metal contact. However, the alloy is harder and mare protective than lead alone, whi ch re­
sults in go od surface friction . In addition, it has a low melting temperature.

According to these characteristics, the tin-lead alloy is narmally used as electrop lating or hat dipping
on solder legs, e.g . an PCB connectar pins . It supplies an impraved solderability to the surface or
simp ly an a id to the solder ing proce ss, thereby allawing a reliable soldering appl icatio n. Further­
more, the adhesion to strips and bendabi lity are adequate. Its resistance to cor rosive environments
is fa ir, but always better than copper. That is one of the reasons why the alloy is also appl ied as a
protect io n layer (plating flash) on some copper-based alloys for special applica tion s.

Tin-lead plated connector components: PCB legs.
Can be deposited on the base meta ls: Steel, copper, brass, nickel and SUCOPLATE.

2.3.5 SUCOPLAlE@(Copper-lin-Zinc Alloy)

The plating materia l SUCOPLATE is a copper alloy composed of the three components: Copper, tin
and zinc . Being non-magnet ic and non-allergic (nickel free), SUCOPLATEis an attracti ve alternative
for nickel plat ing , wh ich gene rall y has a lowe r electrical performan ce and lower cor rosion resis­
tance . The non-magnet ic property in the conta ct area is also important for ob tain ing neglig ib le pas­
sive intermodulation products (r IM) in communication systems such as ba se transceiver stations.
SUCOPLATE performs just as well as silver, that it has a PIM level of less than -155 dBc.

A low contact resistance of ab out 1 to max . 3 mQ by mating can be achieved due to its low specific
contact resistance. SUCOPLATEd outer conduc tors leave a hard and ab rasion resistant surface al­
lowing more than thousand mating s before the mater ia l is worn awa y. Usually the outer conductors
have a silver pla ting under a SUCOPLATERash. The silver with its high conduct ivity is ab le to carry
most of the transmitted signal in the outermost surface of the conductor, as the frequency increases.
For outdoor use, the good corros ion resistance of SUCOPLATE also guarantees a long lifetime, even
in severe envi ronments.

SUCOPLATE can be direct-eontacted w ith nickel, silver and copper alloy ba se mater ial s, without ex­
ceed ing the maximum electrochemical potentia l o f 250 mV. Furthermore, it has a consistent plati ng
thicknessdistribution from the electrolysis process. In add ition, it isa good substitute for silver plating,
as SUCOPLATE is less expe nsive than silver.
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Plating application s - SUCOPLATE only : Connector bodies and crimp ferrules.
Applications wi th silver as underp lating : Outer conducto rs and current carrying parts.

Features Gold Silver Copper Nickel TIn-lead SUCOPLATE@

Contact resistance ++ ++ ++ + ++ ++

Passive PIM * 0 ++ N/A 0 N/A ++

Residua l magnetism ++ ++ ++ -- + ++

Ab rasion resistance + 0 - + - +

Adhesion ++ + ++ + 0 ++

Discolora tion ++ - - - - - + +

Price - - - + 0 + +

Table 8 Comparison of common plating materials

Note : Roting vories from ++ (excellent/very low price], + (good / low price], 0 Ifai rJ, - (poor) 10 - - (very poor/very high price].

• PIMmeon s the po ssive inle rmodulotion prod uct; ++ • very low [less than the requ ired - 155 d Bj. Refer olso to Chopter 1.6 .
Further prope rties: Refe r to Appen dix 5 .3 .

2.4

2.4.1

PLASTICS AND RUBBER

PE

Polyethylene (PEl isone type of plastic from the big group of polyolefine plastics (e.g . polypropylene,
ethyleneviny lacetate). It has a low density, good electrical and dielectrical properties, which makes
the plostic materia l suitab le for RF app lications. Itshigh water d iffusion resistance, low woter absorp­
tion and high resistance to chemicals (except oxidative ocids] also provide the possib ility of app lying
this moterial in adverse environments, wit hout deteriorat ing mechanical or electrical proper ties.

Furthermore, it shows good machinability. It is soluble to varying degrees in halogenated hydrocar­
bons. l ong outdoor storage can cause discoloration. The disadvantage of PE is its low melting tem­
perature. When it burns, it will burn like wox. In other words, the moteria l w ill drip by burning, but
as it is halogen free, it will not emit any toxic chlorine or fluorine goses.

O ther halogen free plastics are PE (PEX), lSOH (low smoke, zero halogen), SPE (foamed PEland
Radox by HUBER+SUHNER. Most of them can be crosslinked, thus increasing their flame resistance
and form stabil ity. As mentioned above , PE is also available in a foamed form (SPE), used mostly
in RF cables.

Applications with PE : Turned insulators, w ire and cable insulation, cable jacket material ,
cor rugated cables and packagi ng.
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2.4.3 PFA

2.4.2 PTFE

PEEK2.4.4

PFA is a fluor ine plastic like PTFE, and it is also similar to FEP (f1uoroe thylenepropylene). The most
sign ificant differences betwe en these three pla stics concern their modulu s of elastici ty and lowest
tempera ture. PFAhasa lower elasticity (higher hardnessand form stability) and a higher temperature
limit than both PTFE and FEP.

As with FEP, PFA can be thermoplastically worked by extrusion and injection moulding . Furthermore ,
remoulding and welding are possible. Besides the high flame resistance, the remould ing process
is only possible at high temperatures.

It has a good thermostability from - 200°C to +250°C (392"F fo 482"f) and good electrica l conduc­
tivity. Its fa ir to good mechan ica l features include a high abrasion resistance and a good onri-cdhe­
sive performance, as with PTFE. PFAhas an excellent resistance to most chemicals. The resistance
to severe meteorological and atmospheric conditions is considered to be good .

Applications wi th PFA : Insulators, wire and cable jacket mater ia l.

Polytetrafluorethylene (PTFE) is a fluorine plastic with an excellent resistance to most chemicals. How­
ever, it can be attacked by alkalines such as nitrous ac ids. It is very thermostable (from -200°C to
+250°C/-392"F fo +482°f) and has a low flammabil ity. In the begin ning of the melting phase, at
about +327°C (+62CY'F) or higher, it will turn into a jelly-like substance.

In addition, it is an antistatic and a very onti-odhesive plast ic due to its extremely low surface resistiv­
ity coeffici ent. The excellent electrica l and dielectrica l properties, indep endent of frequency and tem­
perature range, are matched by a low modulus of elastic ity, w hich makes it appl icable for connector
insulator. PTFE cannot be treated by the thermop lastic methods of injection moulding or extrusion
because of its high viscosity. Instead, it is usually moulded (die pressure) in a cold state. It is one of
the most well known fluor ine plastics used for technical applications in the industry.

Applications w ith PTFE : Insulators , gaskets, packaging material, onti-odhesive coatings .

PEEK (or Polyether-Etherketone) is a heavy-duty plastic with a partially crystall ine structure. It com­
pr ises excellent properties such as a high tensile strength, excellent form stability at high tempera ­
tures and a melting temperature of 334°C (633°f) . The ability to resistchemicals, except for concen­
trated sulphur ic ac id , is comparable to PTFE, PFAand FEP. In add ition, its high abr asion resistance
and strength to w ithstand radiat ion, hydrolysis and moisture in any form enable the plastic to perform
superbly in very extreme conditions. Thecrystall ine structure a lso allows thermal remould ing of PEEK.

Itsgood electrical conductivi ty, very high strength and the fact that itswe ig ht is 30%of that of alumin­
ium (when used for strengthening other material s) also make it suitable as an insulating mater ia l for
cables exposed to high do ses of rad iat ion . Important for certai n cab le applications, PEEK is flame
retard ant and do es not emit fumes or smoke.

Applications w ith PEEK: Radiatio n resistant w ire insulation , wire coating , insulators .
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2.4.5 PPO

Polyph enylene oxide (PPO) isan amorp hous thermop lastic with an excellent resistance to hydrolysis,
aq ueous media such as detergents, acids and bases at high temperatures. On the other hand, PPO
is not resistant to Ketone, chlorinated and aromatic hydrocarbons, w hich dissolve the mater ia l.

Its dielectrical features compri se excelle nt thermal conductivity and a negligible loss factor , barely
influenced by externa l temperature, frequency or moisture. As w ith PEEK, PPO has a high tempera­
ture stab ility, but at a lower temperature then PEEK. Compared to PC (Polycarbonate), however, it
has the same inflexib le and tough structure, combined wit h hig h dimens ion stability at high tempera­
tures. Additionally, its low wa ter ab sorpt ion enables PPO to be used in outdoor appl ications.

Applications w ith PPO: Thermal and electric a l insulator parts, swi tch housings, covers .

2.4.6 Silicone Rubber

In RF applications, silicone rubber is exclusively used for gaskets. The material is soft and elastic due
to the influence of cao utchouc (Ind ia rubbe r). The purpose of rubber gaske ts in connectors is normally
to seal aga inst moisture or other contam inants . However, it is not resistant to chemicals such as acids ,
but to almost everythi ng else. For usesw here a high flame resistance is desired, silicone rubber can
a lso be applied.

Applicat ions with sil icone rubber : Gaskets .

Silicone
Features PE PTFE PFA PEEK PPO rubber

Elasticity + - 0 ++ ++ ++

Hardness 0 + ++ ++ +

Discoloration 0 + + + ++ +

Water ab sorption 0 ++ + 0 0 +

Abrasion resistance + ++ + ++ + -

Price + - - - -- - +

Table 9 Compar ison of common plastics and silicone rubber

Note: Rating va ries from ++ (excellen t/ very low price), + (good/ low price), 0 (fair), - (poo rl to - - Ivery poor/very high price).

Further properties: Refer to Appe ndix 5 .3 .
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3.1 FUNCTION AND PERFORMANCE - IDEAL VS REAL

As a transition from RF theory and an introduction to the pra ctica l desig n of a coaxi al connector,
a compar ison of the ideal functions w ith the real, obtain able perfo rmance w ill be outlined as far as
possib le for each specifica tion.

W ith reference to the chapter on theory, the ideal and basic functions of a connector can be defined
as being :

- to conduct RF signals from a transmitter to a receiver w ith minimum losses and reflections
- to pro vide fast and repeatable mating and demat ing

When 0 RF connector is desig ned , the mai n goal is to minimize any departures from the ideal line
with regard to costs, loss, reflection and dispersion . With opt imum cond itions it is called a homoge­
neous or an idea l RF connector. Usually this ideal performance cannot be achieved by looking at
just one part of the connector characteristics. The factors influencing the per formance include several
electr ical, mechanica l, environmental, material and economic considerati ons.

Summing all the influencing factors, it is not reasonable and virtua lly impossib le to manufacture an
ideal RF connector, as it wou ld have a very hig h price. When a specia l performa nce is required,
a single con nector isdesigned to itsspecific needsor app licat ion, so-called special products. Desig n
of non-standard produc ts will not be an issue here, as it is diff icu lt to give practica l examples without
exceeding the purpose and scope of this boo klet.

In the following, the general ideal and the real or ob tainable specificat ions for RF conn ectors, w ith
the associated problems/influences of reaching the ideal goal, w ill be outlined. The purpose is to
provide a picture of some of the important considera tions when designing a new connector. When
an existing connector is modified , the change should notalter the specifications laid down by interna­
tional or internal standards .

The specifica tions for the electrica l, mechanica l and environmental performance (except the rnoter i­
a ls specif icat ion) will be dea lt w ith here, as the materi al indi rectly affects the performance through
other factors.

3.1.1 Electrical Performance

As mentioned above, it is not always po ssib le to make an ideal or even a nearly rea listic statement
for every speci fication. This is especially so when the single quantity depends on other influencing
elements (refer to Chapter 1).

The table belo w isan attemptto show the difficulty of determ ining ideal and real electr ical specifica­
tions of a coax ial line. It should serve as a gene ral view and guidel ine for the understanding of the
actual electrical performance.
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Electrical
Ideal Performance Realistic Performance Prablems/HintsSpecifications

Impedance [Q] Zo± 0 (e.g . 50 or ZO±X Because of di men-
75 ohm) sional steps and other

discontinuities, it is im-
possible to maintain
homogene ity of Zo

Frequency [Hz] DC up to cut-off The operating fre- Dependent on
frequency fe [TEM) quency (i.e. interface rad iation slots, high at-

dimensions limit the fre- tenuation, VSW Rand
quency) mode changes

VSWR 1.0 (no reflection) > 1.0 Reflections caused by
any discontinuity

RF leakage Totally shielded Up to 120 dB Dependent on cable
(no leakage) (frequency dependent) outer conducto r

(shielding) design and
operating frequency

Insertion loss odB (No losses) ~0.5 dB above cable The connector losses

frequency; can be ignored

S21 = l - S112"

Dielectric > The cable break- Ofte n smaller Dependent on the ratio
W ithstanding Vol- down valtage Did and dielectric
tage

Working Voltage > The cab le break- Often smaller Dependent on the ratio
down voltage Did and dielectric

Insulation Resis- 00 n (as high as < oon Dielectric losses, de-
tance possible) pendent on insulation

material and dimen-
sions

Contact Resistance Om n > O mn Contact forces, mate-
ria l characte ristics
(plating)

Table 10 Electrical Performance - Ideal vs Real

* ' 21 • Insertion loss, ' 11 = Return loss. Refer 01,0 to Chapter 3 for further information

Thereal electrical performance depends on the performance of the attached cable , cable entry, geo­
metrical connector dimensions, inner conductor captivation etc. The max. frequency of the coaxial
line will adjust to the operating frequency of the weakest component in the line, because the influenc­
ing factors (seeabove) ar ise from all and not only from one component . Example: A connector has
a frequency (e.g. 10 GHz) and high VSWR magnitude. Theattached cable has operating frequency
of e.g . 5 GH z, but a high attenuation ar ising from the length of the cable and perhaps apertures
in the jacket causing leakage. The sum of all these factors w ill g ive the actual operating frequency
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of the whole line , ond not just the coble alone, which represents the compo nent with the lowest fre­
quency level (refer also to Chaptor 4 on practica l measurements).

3.1.2 Mechanical Performance

W hen it is not possible to obtain the desired or realistic mechanical performance for a new connec­
tor, the only gui deline is the given standards . The task of designing a new connector, often based
on non-standard enquiries, will normally be supported by the existing standard connector dimen­
sions, as it is more economical to reproduce standa rd parts then to deve lope and manufact ure new
ones .

Mechanical
Ideal Performance Realistic Performance Problems/Hints

Specifications

Engage ment force = Disengagement > Disengag ement Depends on rough-
force (0 N) force ness, sliding friction,

deforma tion and
spring contacts

Disengagement oN (except for >ON Dependent on magni-
force slide-on coupling tude of slidi ng friction

mechanism]

Coupling nut torque Turn by hand and Proportional to Dependent on RF
still obtain contact interface dimensions leakage, if watertight,
resistance approach- mechanic al stability
ing 0 Q and engagement/

disengagement forces

Contact captivatio n No movement of the Movements because Due to deformations of
inner conductor in mati ng forces are the insulator
axia I and/ or rota- unavoidab le
tional direct ion

Durabil ity 00 number of mat- = 500 can be Dependent on material
ings gua ranteed abrasion and spring

(ace. to norm) con tact relaxation

Cable retention > Cable stability > Cable stability Dependent on material
force abrasion and dimen-

sions of con nector and
cable

Table 11 Mechanical Performance - Ideal vs Real

Some of the mechanical and electrical specificatio ns depend on how the components and connec­
tors are handled dur ing the manufacturing process . If the quality of the components varies , even
though the first series production run showed satisfying results, mechanica l perfor mance pro blems
migh t be hidden within the production quantity. It is impo rtant to investigate w hy the specified perfor­
mance (i.e. according to standard specificatio ns) is not achieved. Thisanalysishelps to prevent simi­
lar mistakes in the future.
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O n the other hand , it is also a fact that the smaller the connec tors become , the more difficult and
expens ive (if not automated) it w ill be to ach ieve mechan ical d imensions and their tolerances. N ow
and in the future, industry shows signs of requiring and develop ing smaller (miniaturisation), better
and cheape r electronic components.

3.1.3 Environmental Performance

The environmental per formance is very much dependent on the immediate surround ings of the ap­
plication. Inother wo rds, a cable assembly in a laboratory w ill not be affected by clima tic changes
in the same way as an assembly in an outdaor applica tion. Therefore, cl imatic classes have been
created to classify the stress levels.

Environmental
IdealPerformance Realistic Performance Problems/HintsSpecifications

Temperature range > Application Dependent on materia l Material changes
requirements Influence on perfor-

mance

Climatic classes > Application Dependent on material M ateria l changes
requirements Influence on perfor-

mance

Thermal shock > Applica tion Dependent on material Insulator characteristics
requirements and materia l

Moisture Watertight Dependen t on design Materia l and design
resistance/ sealing dependent

Corrosion can lead to
poore r electrica l per-
formance and risk of
shorts

Co rrosion None Depe ndent on surface Materia l chara cteristics
and medium Electrochemica l poten-

tials betwee n materia l

Vibration N o negat ive effect Dependent on Co upling mechanism,
mechan ical stab il ity e.g . contact interr up-

tion

Table 12 Environmental Performance - Ideal vs Real

Another factor which can be severe for an outdoor cable assembly is cor rosion as the result of mois­
ture and salt water influence. Corros ion often arises because of wrongly chosen plating and under­
plating materia ls. An example is connectors for use in mobile applications: The body plat ing should
be a corrosion resistant material, i.e. SUCOPLATEfrom HUBER+SUHNER. This material is non-obra­
sive, non-magnetic and allows good transmission w ithout high thermal and electrical losses (refer
also to Chapter 2 on materials) .
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3.2

3.2.1

COAXIAL CONNECTOR DESIGN

Connection Types

Before we pass on to the design phase of coa xial connectors, it is important to define the existing
connection types . The types listed below distingu ish between internal and externa l connections. Basi­
co llythe connection is the place where the transmission of the signal occurs.

The reason w hy we show these interconnection groups is because the definition of the components
to be connected must be clearly understood (refer to Table 13). In addition , their electrical and me­
chanical requirementsare the specifications for determining the right type of conne ctors and perhaps
the wiring/cabling of the system.

Con-
nection Application
Type

Co nnection inside
component case
(internal)

Example (useful connectors)

Connection of the integ rated cir­
cuit to the socket, using e.g.
re-f1owsolde ring. (Bonded or
housing connections; devi ce to
package interconnection)

Tobie 13 Connection types

2

3

Connection from com­
ponent to PCB or w ire
(internal)

Co nnection from PCB
to w ire or ano ther
PCB on a chassis
(internal )

Connection of a PCB connector to
an integrated circuit, using solder­
ing or a separable connection
method . (Solder plugs or IC sock­
ets; component lead to circuitry)

Connection betwee n PCBs or PCB
to a flat cable, using e.g . a sol­
der, crimp or press fit attachment.
(Press pins or DIN connectors )
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Con­
nection
Type

4

5

6

Application

Con nection from inter­
nal chassis to another
internal chassis in the
same housing, case,
or cabinet (between
subassembli es)

Co nnection from one
piece of equipment to
another (external
interconnect)

Connection from one
system to another lex­
ternal system wiring)

Example (useful connectors)

Co nnection of an enclosure to
another subassembly, using l.e. a
crimp a~ solder connection
method (e.g . BMA connectors
between subassemblies).

External conn ection from measure­
ment equipment to an accessory,
using e.g . crimp or snap-in attach­
ments. (Connectors with flange)

Co nnection between two systems
with cable assemblies. (All cable
connectors)

RF CONN ECTORDESIGN

Tobie 14 Connection types [cont.]

The focus will be limited to the shaded groups in the table above, as these group sare common fields
for trad itional coaxi al connectors. The faintly shaded group 3 is pa rtly descri bed, as it uses PCB
connectors. The connectors described in this booklet will only apply to the above-mentio ned connec­
tion grou ps, and the selection of series dea lt with is specifi ed in Chap ter 3 .5 .

3.2.2 Coaxial Connector Components

The reason for using connectors is either to join two components or modules , or to ga in access to
a certai n point in a circu it. A connector 's pr imary purpose is to provide an engagement/disengag e­
ment capa bility for your system (or circ uit) with out affecting a measurement in prog ressor the overall
system's per formance.

There are certain parameterswh ich help to specify each coa xial connector type . Besides the imped­
ance , the maj or areas of concern are upper frequency limit (cut-off), power capabili ty, size and
weight, environmental conditions (vibration, moisture, temperature). cost, field replaceab ility and
contact characteristics, to name but a few . In addition , repeatability, life (mating cycles). VSW Rand
mechani cal strength are important, if the connector is to be used for measurement applications.
W hen design ing a connector for using it in an ap plic ation , the gene ral requirement is to guarantee
homogeneity along the finished RF line . The constancy of the characteristic impedance is the ma jor
aim when coupling lines w ith coaxi al connectors. This requirement, often 50 nor 75 n , will be one
of the factors g iving the connec tor its shape .
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Another precond ition for obta ining the best possible design ond per formance is that of hig h preci­
sion piece parts . However, it is essential to keep in mind that the higher the manufactur ing prec ision
of the piece part, the better the characteristics, but also the higher the pr ice of the finished connec tor
(refer to Chapter 3 .1) .

However, the size of the connector will a lso play a role in the choice of the manufacturing method.
The smaller a connector is, the more acc urately it has to be manufa ctured to ach ieve the same perfo r­
mance as a large r connector due to the ratio of the tolerances to the size .

How do we obtain the optimal functions (Chapter 3.1) in a desirable, reliable conne ction and what
could influence the reliabili ty and cont inuity? In the table below, we have listed a few of the influences
related to needs and personal involvement.

Objectives

Reliable conn ection

Continuity

Costs

Needs/Action

- High precision piece-parts
and precise manufacturing
in general
Suitable connector group

- Proper plating material
- Proper base material
- Proper assembly/ mounting

- Vendor inspection
- SPC (Statistic Process

Con tro l)
- Traceability of the product

(qua lity control/numbers)
- Design reviews

Reduce costs without reducing
qual ity

Personal influences

- The engineer who design s
the connector

- The subcontractor deliver­

ing
- The employee assembling

the connector
- The customer mounting the

connector

- The eng ineer inspecting
- The subcontroctor de liver-

ing to the same assured
quality

- The employee is trai ned
and uses new and cali ­
brated tools

- The customers mount the
connectors correctly acc . to
the manufacturers assembly
instructions/advice

- The monufacturer guaran­
tees good quality for the
price

- The customer/purchaser ac­
cepts high qua lity, but often
the pr ice is more essentia l

Table 15 Influence an reliability, continuity and casts

A coax ia l connector consists of several compo nents. In this chapter the most important components
and their variations, independent of specifi c series, w ill be show n and described indi vidually.

The op timised coa xial connector w ill normally be built up of the elements shown belo w (Figure 42) .
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Cr imp ferrulJ

Connector body

Figure 4 2 Connector components

~
I

Insulator J em
Inner conductor I J~

Gasket I
Snap ring I

Coupling nut

The inner cond uctor (centre conductor], the connector body (outer conductor ], the insulator and the
cr imp ferrule are the components d iscussed below.

3.2.2.1 Inner Conductor

Usually, we talk about two inner conductor contact types (also called centre contacts), rad ia lly
bonded (pin and socket type) and butted contacts (hermaphrod itic), respect ively.

Radial bonding inner conductor: The connection is established by use of a pin and socket contact.
The outer condu ctor generally is slotted and the inside one topers slightly forward, increasing the
tension as they are pushed togethe r. This "wi pi ng " act ion helps to clean the conta ctsas the connector
is used. Longitudinal variations are compensated by the spring bushed gu ided pin .
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-\-------1----1)--
Pin

Figure 43 Radially bonded inner conductor

Butted contact inner conductor:

+-------------------j
Hermaphroditic (sexless)

Figure 44 Butted contact inner conductor

Socket

f---- -- ---- ------ - --- --~-

3.2.2.2 Outer Conductor (Outer Contact)

The contact area of the outer condu ctor (also identical with the connec tor body) is effec ted by the
conta ct pressure normally caused by the coup ling mechon lsrn.

Because the inner conductor can compensate for longitudina l tolerances, the contact pressure
caused by the coupl ing mechani sm affects the outer conductor con tact area (torque of the screwed
coupling rnechonism].

There are three fundamental constructio ns:

-00-
Hermaphroditic contact

Frontal contact: The contact area is given by the same shape of
two equivalent outer contac ts. Hermaphrod itic connectors use
these types of outer confec ts.

Figure 45 Hermaphroditic (frontally bonded) outer conductor

Radially contacted outer conduc tors with spring contacts: The spring contact contacts not only fron­
tally, but also radiall y. The slotted outer conductor is used instead of the normal butt face w herever
a better retention is requ ired .
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The butted contact ensures correct torqu ing w hen
connectors are coupled .

Butted contact

Figure 46 Butt faced outer conductor

c-:

\--- -------1- -- -- -- -

f.::

The slotted conta ct is more immune to vibration
induced loosening due to radi al spring forces.

Slotted (resilient) contact

Figure 47 Slotted outer conductor

3.2.2.3 Insulator (Dielectric)

The insulator makes it po ssible to position the inner conductor wi thin the outer conductor. From an
electrical po int of view, the ideal insulator material would be a ir, but specia l mechan ica l construc­
tions are needed to keep the inner conductor in its central position. In order to make an economic
positioning system, synthetic materialsare used. To approximate air asclo sely aspossible, the actual
desig n of the dielectric support varies considerably.

The pr ime criterion for the cho ice of the synthetic material is the dielectr ic constant (E,). This number
has a direct influence on the connector design and thus its impedance. To ensure an ideal dynami c
system behavi or, the conne ctor must have the same impedance as the connected cable. This means
that the mechani ca l dimensions and the insulator mater ial must be chosen properly in order to have
the lowest possible return loss.

There are about four different insulator combinations in a pair of connectors, dependent upon the
desired conta ct.
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Butted contact

Dielectric bead

Overlap (cylindrical)

Overlap (conical)

Figure 48 Butt, overlop (cylindr ical and conical) and dielectric bead contact

Instea d of a one-pi ece insula tor, the po ssib il ity o f mounting a two-p iece is also available.
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The cap tivation of components w ithin a coa xial conn ector should exist for all types of connectors ,
but especially those for stripl ine and microstripl ine applicat ions where the solder tag must be capti­
va ted . If un-captivated, the insulator cou ld be displaced and the solder joint could be damaged by
mechanical forces. If subjected to such influences, the connector should be stable to guarantee the
specif ied mechanica l and electrica l standards.

This can be a difficult task, as the contact capture mechanism is usually obta ined through geo-metri­
cal changes of the optimized components . That is, the components are normally designed wi th the
purposeof reaching the best possible electrica l and mechan ical performance and try ing to d iminish
any negative influence such as discontinu ities becau se of too many junctions.

The captivation design reduces axial , long itudinal, and /or rotat iona l movements. However, the cap­
tivation should not be exag gerated, prevent ing any movement at all. This situation cou ld lead to
prob lemswhen mounting the contacts in the connec tors and perhaps restrict any normal thermal ex­
pa nsio n of the materials, causing over-tight contact junctions.

Captivation =Capture mechanism: Axial movements
Rotational movements

Criteria, whether axial and/or rotational: - Connection type (connection to external
components, notcable)

- Type of cableand cableentry

Avoid ing axial and/ or rotatiana l mavements is not always desirable, as it is dependent on the con­
nector type, the attachment to external and possibly non-stationary components. W hen cable con­
nectors are concerned, the type of cable attachment is important (refer to Table 15 , Chapter 3 .2 .2
and Figure 5 8, Chop ter 3.4 .4). Therefore , the suggested cap tivat ion mechanisms cannot be direct ly
related to series, only to connection types, cable entries and partly to the size of the connector, due
to high costs, manufacturing and assembling considerations.

The d isplacements are main ly caused by externa l forces, temperature var iat ions and shocks. The
specific ations of these axia l forces, rota tianal torques and temperature ranges and of the corre­
spondin g test specif icat ions are to a certa in extent g iven by the internationa l standards for every
connector series.

W ith regard to the following tab le, the var io usconn ection typesand cable entr ies requ ire captivat ion
in both or only one of the ab ove-mentioned d irections.
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Attachment
Examples of

AxialCaptivation Rotational Captivation
Application/Usage

Inner conductor - PCB v v
- with solder tog - Stripline Important, to avo id Important, to avoi d
- with slot - Microstrip da mage of solder tag damage of solder tag
- as pin contact - Bonded and stress at the con- and stressat the con-
- with tab contact tact joi nts tact joi nts

Inner conductor - Wire solder ing v v
- with soldering - Wire wrap To avoid damage of To avoid damage of

bore the wire attach ment the wire attach ment
- w ith small post

Inner cond uctor - Field rep laceable v -
- with female con- - Solderless con nec- To guarantee the elec-

tact type tions tricol performance
- Plug-in connections

Flexible cable at- - Flexible connec- v - Mechanical stress
tachment tions between com- Generally important on cables

ponents because of electr ical
and mechani cal
infl uence

Semi-rigid cable - Excellent electrical v - Not required , be-
attac hment perfo rmance, Important for short cause inner and

hence low VSWR cable lengths, be- outer contacts ore
loss and neglig ible cause the inner con- normally soldered
leakage ductor of the cable and/or crimped

cou ld be d isplaced
due to thermal or me-
cha nica l influence

PCB attachment PCB: v v
- SMT (Surface - Surface component To avoid transmitting To avoid transmitting

mount) parts stress to the soldered stress from the engage-
joint from the en- ment and disengage-
gagement and disen- ment actio n to the sol-
gagement action de red joint

RF CONNECTORDESIGN

Table 16 Ax ia l and ratatiana l contact captivatio n method s according to attachment
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3.2.3.1 Captivation Techniques

Expressed simp ly, the inner conductor w ill norma lly be held by the insulator, and the insulator by
the outer conductor. The inner conductor can be manufactured in such a wa y that the form of the
conductor can be pressed into the insulator w ithout damag ing it. The alternat ive could be to change
the insulator, but because of the smooth surface of the inner conductor it would not be possib le to
captivate it. When the shape of only one component is changed, there is a greot risk that the other
component w ill be unab le to retain it. A combin ation of changes, adj ustment of both components
rela tive to one anothe r, would be the best way to ob tain a "doubly-secure" captiva tion .

Howeve r, the outer shapes of the componentsare not the on ly main factor to think about when choo s­
ing a contact capture mecha nism for the connector. A swith the problems of reach ing an ideal perfor ­
mance (desired performance), there are lots of other influences.

Objectives influencing the selection of contact captivation designlsl:

- Obtaining optimal electrical performance (ace. to standards)

- Obtaining optimal mechanical performance {ace. to stadardsl etc,

- Easeof connector mounting

- Costs of material and manufacturing of the mechanism

Before the advantages and disadvantages can be deter mined , the design opt ions must be consid­
ered .

Several designs suitable for captivat ion of the inner conductor or insulator are show n below :

- Pressed-in pa rts

- Epoxy captiva tion s (internal [insulator subassembly of housings]
and bore through [insulator and centre pin])

- Barb(s)

- Straight knurls

- Cro ssed knurls

- Shoulder or step

- Dirnple-copt ivot ion

- Internall y stepped sections (3 or 4 steps made on the inside of the
housing or outer contact)

- Swag ings

- Ring with cams etc.

These mechanical designs are only one selection from among many. It is a lways possib le to deve lop
a new desig n, but often it is better and more economical to start w ith an analysis of the known and

previousl y used desig ns.
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4 Epoxy

Insulator
Inner conductor

I---+r-,..".....-;//

1 Barb

2 Stra ight knurls

3.2.3.2 Inner Conductor Captivation

The inner conductor must alwa ys be captivated in the axia l (long itudina l) direct ion . The cap tivation
technique also influences the dimensions of the insulator. This leads to discontinu ities, causing imped­
ance changes . Furthermore, these changes are the reasons why it can be diff icult to define on exact
impedance magn itude for the connector (refer to Chapter 1.3) .

The figures and tab le below show some of the possible captivation designs. The designs are charac­
terized without distinguishing between size and coble connectors , stripl ine and microstr ipline etc.
The order of the axial and rotat ional capture , A and Rrespectively, depends on the most significant
retaining direction accord ing to the design (Table 17).

Figure 49 Various inner conductor captivation techniques

InnerConductor Captivation Axial · · Rototional· ·

1 Barb (s) ++ -

2 Straight knurls ++ +

3 Crossed knurls ++ +

4 Epoxy-capt ivation ++ ++

5 Shoulder or step ++ -

Two-piece insulator* + -
Table 17 Ca ptivation of the inner conductor

* Captiva tion design not illustra ted
• • Roling from ++ lexcellenf 10- - (poor)
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3.2 .3.3 Insulator Captivation

Sometimes the insulator cap tiva tion is referred to as the outer conductor captivat ion. This is incorrect,
as the outer cond uctor w ill be designed w ith the purpose of retai ning the insulator and not the outer
conductor itself. However, it is correct to say that an outer conductor is the cap tivat ing component
and the insulator the captivated component.

1 Interna lly stepped sectio ns

~

Outer
conductor

Inner conductor
(w ithout captivation)

Insulator

Stepped
section

Cross section A

Swag ing

4 Ring with cams

Cross section B

5 Epoxy

Figure 50 Various insulator captivation techniques
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Insulator Captivation Axial" Rotational"

1 Interna lly stepped sections + ++

2 Swaging + ++

3 Dimple-captivation - ++

4 Ring wi th cams + ++

5 Epoxy-cap tiva tion ++ ++

Pressed-in insulator* + -

Table 18 Possib le insula tor ca pt ivat io ns

• Capt ivation design not illustra ted
•• Rating from ++ lexcellent} to - - (poor)

As shown above, the choice of design depends on both the connector designs and of course the
purposeof the captivation. If capture in bo th directions is required, it migh t not be suffic ient to choose
only one design . A com bina tion of two design s, w ith axial and rotat ional captivat ion respectively,
wo uld be necessary.
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3.3 COUPLING MECHANISMS

Coupling mechan isms make it po ssible to mote connector pairs and also determine whether or not
the mated pair can meet the specified mechan ical and electri cal characteristics such as operating
frequency.
The follo wing four types of mechani sms are commonly used for the series described in this boo klet
(refer to Chapter 3 .5) .

3.3.1 Threaded Connection

The coupling mechani sm consistsof a thread and
a coupling nut. Special attention must be pa id to
the maximum torque permi tted and the coupling
nut captivation .

Figure 51 Threaded coupling mechanism

The threaded connect ion is slow but reliable (especially in severe vibration enviro nments) and used
in all series of SMC , SMA, TNC , N , UHF, 7/ 16 and 4 .1/9 .5 , because the mechan ism guarantees
the most stable , stationary coupling . It is suited for Test and Measurement, Military and Telecom s
applications .

3.3.2 Bayonet Coupling

Figure 52 Bayonet coupling mechanism

76

The bayonet coupling is a screw-snap-eonnec­
tion. This coupling mechan ism is best know n
through the BNC (Bayonet Navy Conn ector). The
disadvantage of the bayonet is that it isa less reli­
able contact when subjected to vibration. A rock­
ing effect reduce s the transmission performance.

SUHNER CONNECTOR GUIDE



RF CONNECTOR DESIGN

The bayonet connection is often chosen when fast mating and demating is required. Therefore, the
mechanism is reliable for test and measurement applications as well as military systems. Used in the
series BNC, BNT, SHY, MHV and C.

3.3.3 Snap-On Coupling

The snap mechan ism is often used for connectors
wi th small mechanica l dimensions and high
packing density. Because this type of connection
is easy to use, it is often designed into PCB ap­
plications.

Figure 53 Snap-On coupling mechanism

The main feature of the Snap-On mechanism is that it allows extremely quick engag ement and disen­
gagemen t. This mechan ism is very reliable when used for small connectors such as MMCX, MC X
and 5M B series.

3.3.4 Slide-On Coupling

Slotted outer
conductor

Housing­
retain ing ring

The slide mechanism is used extensively where a
high packing density is needed. A typica l ap­
plication is the interconnection of daughter
boards to mother boards. The disadvantage of
this kind of coupli ng style is its reduced reliab ility
and thereby its lower quality relative to threaded
connections. O n the other hand easy handl ingocan compensate for this.

Figure 54 Slide-On coupling mechanism

This mechanism is often used for various DIN multi-eonnectorsand also in miniature connectors such
as BMA, SMS and 1.0/2 .3 (shown in Figure 54) w ith butted contacts, which are normally attached
to PCBs. The 1.0/2 .3 can also be used in a DIN housing . This is retained by use of a snap ring.
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3.4 ATTACHMENTS

The connection between a connector and an external element is made by an attachmen t, either w ith
a cable , solder ing to a PCB, panel feed-through or w ith another connec tor, e.g . an adapter. These
connections can be compared w ith the connection types in Table 14 in Chapter 3 .2 . 1.

In the fo llowing, the attachment methods and their purposes and usefulness to the individua l compo­
nents will be descri bed and illustrated .

The most common attachment techniques for coaxial connectors:

- Plugging
- Soldering
- Crimping
-Clamping
- Pressing
- Threaded

Usually, connectors have to be designed to w ithstand severe forces such as those caused by the ca­
ble . Because the conduc tors should not be affec ted by these force s, the coupling mechanism itself
has to be able to withstand them. Not only the force s, but also the surroundi ngs and envi ronmenta l
conditions may be criter ia for the selection of the right attachmen t, especially cabl e attachment.

3.4.1 Attachment of Cable InnerConductor

The inner conduc tor of the cable must have contact w ithin the connector. This can be achieved by
plugg ing the cable conductor d irectly into the connector centre contact. The connector conductor
acts asa jack and the cabl e conductor as a plug . The plugged type is a loose and quick attachment
and suited for appl icationsw here repeatab le electr ical performance (usually required for connectors
in the GHz range) is requ ired . The contact is not influenced by extreme temperatu res and is lesssus­
ceptib le to displacement compared to the other method s.

Plugged Soldered Crimped

Figure 55 Attachments of the inner conductor

Solde ring is an alternative technique commonly used for the attachment of semi-rigi d cables and
small flexible cab les, w here the attachment of the outer conductor is crimped, clamped or soldered .
The advantages of this methad are that the contact resistance low and the solder joint at the inner

cond uctor does not need to be soft-annealed in advance. Al thoug h fairly reliable, soldering isa slow
attac hment technique, wh ich must be carried out carefully. When solder ing , the temperature influ­
ence on the cable dielectr ic isvery high and additionally, too much solder flux may form small beads
at the surface. Prope r clean ing is an essentia l pa rt of the soldering process.
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The cr imp technique allows a fast and also reliable attachment and does not require any specia l
skills. W ith regard to the crimpi ng process, the facto rs described in Chapter 3 .4 .2 have to be taken
into account. There is no temperature influence, anneal ing of the centre contact is unnecessary, but
the electrical performance of this method is reduced compared to the above-ment ioned methods .

3.4.2 Attachment of Outer Conductor to Cable

The outer cond uctor can be attach ed to the cab le in var iousways. However, an important parameter
not to be ignored is the cable size and the requi red cable retention forces. For opt ima l electrical
performance , the connector and the cable dielectric d iameters and sizes should always correspond
to each other, thereby minimizing changes in diameter in the transition between cab le and connec­
tor.

V-gasket

Backnut

~~~~/

Cri mp ferrule

Inner conductor

1. Crimping
(flexible cables)

2. Clamping
(flexible cables)

3. Soldering
(semi-rigid cables)

4. Solderless compression
crimping (semi-rigid cables)

Figu re 56 Attachments of the outer co nductor

Crimping (1 and 4) is used whenever a quick and easy 3-piece attachment is required . The mai n
d isadvantage of this termi nation method is that it is not reusable. For a crim p joint, a crimpfe rrule
is necessary. The brai d of the cabl e is positioned between the connector body on the inside and the
crim p sleeve (ferrule) on the outside ; a crimp ing too l then secures the connection . Normally, moisture
protection is not guaranteed by crimp ing, but if this is required, a heatshrink tube w ith hot melt adhe-
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sive can be maunted to cover possible gaps between the ferrule and the connector. (Referring to
Figure 42, Chapter 3 .2 .2 , where the crimp ferrule is the companent enabling the cab le to alla ch
to the cab le connectar). Ifno ferrule is used, a conical sleeve normolly would replace it.

The crimp ferrule has to be made out ofa soft mater ial (i.e. copper w ith SUCOPLATE or go ld pla ted).
allowing the crimp die to remould but not damage the form . Cr imp ing is a " squeezing" or cold weld­
ing of the ferrule onto the pre-assembled connector. (Pleaserefer to the SUHN ER Coa xia l Connectors
General Catalogue).

The duct ility of SUCOPLATE makes it an ideal plating materia l for this demandi ng applicat ion , w here
sig nificant shape changes take pla ce.

The crimp ferrules used by HUBER+SUHNERare mad e so that they ore perfectly suited to a certain
cable gro up and connector. A ll ferrules have a wall of varying thickness. That is, the outer diameter
does not vary w ithin a cabl e g roup, only the inner diameter with the purpose of ad justing it to the
cable . This reduces the number of necessary crim p inserts (refer to Chapte r 3 .4 .5).

To ensure a good crimp, the crimp ing forces and dimensions and the ferrule itself must remain
constant. Thiscan be obta ined by using ca librated crimp d ies wi th test components, w hich can repro­
duce exactly the same cr imp action w ith the same force, w ithout damaging the ferrule or making
the allachment too weak or too strong .

This method of assembly offer s severa l disti nct ad vantages over the clamping technique - cost is
reduced , more unifo rm assembliesare obta ined becau se of a straightfor word processand a greater
retention strength.

Clamping (2) refers to a back nut with a rubber gasket, where the inner cond uctor is soldered. This
method isvery useful for weather-exposed applico tions, because the rubber ga sket protects aga inst
moisture. However, clamping isa much slower alla chment w ith a beller electrical contact compared
to crimp ing . This technique is also ca lled solder-clamp.

Ano ther method is that of soldering (3) the outer cond uctor to the cable. This can be used for semi-ri­
gid cab le allachments and be comb ined wit h a clamp method for large r cables. A low temperature
solder is employed to ensure a good mechanical and electrical connection. To guarantee a good
solder joint it is important to control the process wi th special tooling (Chapte r 3.4.5) . Another possi­
bility of soldering allachment is used for connectors w ithout pin and insulator. The technique is called
solder-solder. Using this solderin g method , the inner conductor and the insulato r are the actual cable
centre .

3.4.3 Attachment to Panel

Whenever a con nection from or to an instrument/chassis is needed , the allachment of the connector,
adapter or cable assembly is made to the panel. Therefore , these types of alla chments are called
panel -mounts. In this chapter, we have chosen to describe four commonly used fixatio n techniq ues
to panels ; bulkhead (threaded). flange, hermetically sealed and Field replaceable.
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Coble side

Hole,
screw mount

Panel

2b. 4-hole flange mount

Gloss bead
(soldered/fix)

Fastening nut

Jock

1. Bulkhead mounted

Coble side

2.hole,
screw mount

Gloss bead

Panel

20. 2-hole flange mount

Panel
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screws

3. Hermetically sealed (glass bead) 4. Field replaceable

Figure 57 Ponel-rnounts

The bulkhead version (threaded Figure 57 (1l) is used for panel -mounting through a [rnetol] wall of ,
for example, on instrumentation box (also called feed-through) . To prevent angular di splacement,
the through-hole is D-shaped . Because the conne ctor is threaded and prov ided w ith a fastening nut,
it is possib le to mount the connector foster than a 4-hole flange connector (2b) .
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However, this mount ing method also requ ires that you can reach the conn ector on bo th sides of the
panel. Usually, this technique is used when the onochment has to wi thsta nd some vibrations . The
advantages of a bulkhead mount are that it is a fa irly inexpensive mounting technique and that the
connector is replaceable .

The two flange types shown above (2a and 2b) are applicable w hen the otto chrnent ca n on ly be
made on one side of the panel. The ma in hole in the panel for the inner conductor/housing is a nor­
mal through -hole , non-threaded, while the bores for the screw s are threaded . The cost of this ottoch­
ment is hig her than the bulkhead type beca use of the extra bore opera tions. However, as with the
bulkhead, this ottochment a lso a llow s a rep laceable connector.

The third possib ility is the hermet ically sealed otto chrnent (3), wh ich is in fact a va riat ion of the flange
type , also called non-field . In this case, the connector has an integ ral g la ssseal w ith an inner conduc­
tor (soldered). It is then mounted to the pac kage housing wi th screws . A fterwards, the connector w ill
be soldered to another device inside the box. This of course means that the solder process is carried
out after mounting and that the connector cannot be re-insta lled once soldered . This technique is used
when mounting takes place indoors, w here soldering equ ipment is no rmally ava ilable and where
the solder joint is easier to test for leakage. The applications requ ir ing hermetic sea ling mostly con­
cern devi ces w ith high pressure or vacuum tightness requirements, e.g . in gas modules.

When mounting is carried out in the field , the field replaceable ortochment (4) consisting ofa connec­
tor and an external glass seal would be more advantageous, as the drop-in glass seal is so ldered
or brazed into the package housing in advance. The connector can be mounted to the panel and
the inner conductor in the glas s bead w ill ortoch to the connector centre con tact wi th a jack-to-pl ug
connection. This non-solder oftcchrnent is applicable when it is not recommendable to warp the sur­
rounding dev ices. That is, the rep lacement of a damaged connector is also possib le w ithou t affecting
the hermetic circ uit.

Another o ftcc hrnent type is the hermetic panel feed through using metal-to-metal sea ls (spark plugs),
wh ich is normally for hermetic connections (not shown here). The pa nel feedt hrough consists of an
internal hermetic g lass seal an d an external metal-to-meta l seal to be p laced between the con necto r
a nd the package. This connector has no flange and is mounted by be ing torqued into place. The
spa rk plugs are ava ilable in vari ous types; rigi d ga sket (made of stainless steel) for thicker w all s,
compression gasket (usually of kovor] and the formable type (made of copper). A nother seal possib il­
ity is the use of an O -ring . As wi th the field replaceable flange type s, this connector type also all ows
severa l re-insta llati ons w ithou t damag ing the pac kage housing.

3.4.4 Attachment to the Print Board

When mounting a connector, it is importa nt to be aware of the infl uence on the otto chrnent from
forces such as engagement, d isengagement and mounting process forces such as pre ssing or solder­
ing .

These three mounting methods are frequently used in PCBapplications . The so-called press-in method
(see Figure 58, left) means that the PCB connector w ith press-in legs (compl iant pins) is inserted into
the defined through-plated holes on the printed board . Compared to the more traditional PCB type
with soldering cttochment (Figure 58, centre), press-in mounting guarantees the same elect rical and
mechanical performance, but makes a more secure con tact and is easier to assemble than wi th sol­

de ring.
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3.4.5 Assembly Tools and Instructions

Figure 58 Attachmentsto a PCBor panel

The solderi ng method is used for three different types of connectors, the print socket with solder legs,
the surface-mount and the edge-mo unt connector w ith solder lead s. The print socket perforates the
print board w ith legs similar to the press-in type, w hith the surface-mount or edge-mo unt being sol­
dered on the surface of the print (see Figure 5 8, right), as is suggested by the name. The surface
mount solder method generally does not ensure a higher contact qua lity because of lower resistance
to vibrations, shock and forces, compared to press-fit and solderi ng (per fora tion).

To guorantee good connector attachme nt and hig h production y ields, var ious assembly tools and
setsare available to control the assembly process . A too l is normally designed for the individual as­
sembly method ensuring reliab il ity and repeatab ility.

The advantage of such tools is that they can easily repeat the process (i.e . more than 5000 assem­
blies) if co rrectly calibrated . Ca lib ration sets for these crimp too ls are ava ila ble from
HUBER+SUHNER. The disadvantage is naturally the cost of the tools. However, the tooling costscan
be ignored w hen compared to the costs of inco rrectly assembled compone nts and to the inherently
better process-control (repeatabil ity).

Two examples of too ls from HUBER+SUHNER are the crimp too l and the cable strippi ng tool. The
latter is used for stripping corrugated cab les, sizes 112" to 1 5/a " (Figure 59), which are assembled
wi th the SUHNER Q UICK·FITconnectors N , DIN 4 . 1/ 9 .5 and DIN 7/16. The tools have been deve l­
oped wi th the purpose of reducing assembly lead -time (from approx. 20 - 30 minutes to abou t 5
minutes) w hen compared to traditional tools.

Surface-mount (soldered)

PCBoard

7

Soldering (perforation)

ffi ~~ ~~
PCBoard

Press-in (solderless)
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Figure 59 Cable stripping taals

Assembly tools ore an important fac tor in manufactur ing , and must be treated as such, because an
incorrectly calibrated tool isas bad as no tool whatsoever. Toensure a reliable assembly, the connec­
tor manufacturers' assembly instruction s must be care fully followed . When in doubt about speci fic
steps in the assembly process, please check wi th you r HUBER+SUHN ER representative.

Someadviceon how 10 achieve a good, reliable and repealoble attachment:

- Make surethe right attachment method has been chosen fortheapplication by
considering theexact requirements (electrical, mechanical and environmental).

- Ifa tool is neededforassembling, carefully consider theadvantagesand
disadvantages of theavailabletools. Recommended toolsare thosewith
calibration sets and guaranteed repeatability.

- Follow theenclosedassembly instructions step by step. Check the results carefully.
If indoubt, consult the manufacturer forhelp.
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Table 19 Coaxia l co nnec tor se ries d ivided into de sign types

For each connector series, the character istics as well as drawings, market segments, typical applica­
tions and finally some of the suitabl e cab les are outlined , following the chapter on cables. This is
an attempt to explain the similar ities and differences between the series.

In the world of RF, there is a huge selection of standardised as well as individually def ined coax ial
connector series. A lthough hundreds of connector series have been invented, we wi ll concentrate
on 20 150 Ql of the most commonly used types. They are divided up into design types according
to size (refer to Table 19).

Theclassification of connector series may vary from manufacturer to manufacturer. Theclassification
here is based on character istics as identif ied by HUBER+SUHNER.
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Coaxial Connector Series

COAXIAL CONNECTOR SERIES AND CABLES3.5

3.5.1

Design Type Series

Micromin iature MMCX

Subminiature MCX , SMA, 5MB, SMC, BMA , 1.0/2.3

Min iature BNC , TNC, MHV, SHY, BNO, BNT

Medium N , C, UHF

large 7/1 6 , 4. 1/9 .5

Precision PC3.5 , K
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The selected series are designed to ope rate in the frequency ranges as follows:

Connector Series

I-•
-

K
PC3.5

4.1/9.5
7/16
UHF

C
N

BNT
BNO,SHV,MHV

TNC
BNC,I.0/2.3

5MB
BMA
SMC
SMA

MCX,MMCX

o 5

Frequency
[GHzl

10 15 20 25 30 35 40 45 50

_ Standard connectors

[TIJ] Precision connectors or adaptors

Table 20 Series by freq uency ranges

In addition, several between-series and wi th-in series adaptors w ill fini sh this part of the chapter.

3.5.2 Coaxial Cables

This chapte r will focus on cables and their speci fications suited for the series mentioned ab ove.

3.5.2.1 Cable Design

As an introduction to cable types, the cab le and its various designs must be di scussed. N ormall y,
a coa xia l cable consists of an inner cond uctor, d ielectric and outer conductor for transmitting the
electr ical signal and a jacket to protect the inner tran smitting parts aga inst mechani ca l, chemical
and environmental damage. The inner conductor may be a soli d wire or, for improved flexib ility,
a stranded w ire. A hollow tube is usually used for larger size cab les instead of a solid wi re to reduce
the weight, the costs and to facil ita te the bendi ng of the coa xial cabl e. Please be aware that a
stranded wire increases the insertion loss by approximately 5 to 10 %. Normally, the outer conductor
will be braided (woven wires). Other desig ns are based on a combi natio n of a wrapped tape w ith
bra ided wires.
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Jacket

Jacket

Jacket

SUHNER SWITZERLAND

SUHNER SWITZERLAND

SUHNER SWITZERLAND

I

Braid

SUHNER SWITZERLAND

Semi-rigidcable

O uter
braid

Tape and screen

Corrugated Cable

Double screen (braided)

Tape

~ SUHNER )
SWITZERLAND

Dielectric Braid
(outer conductor)

Single screen (braided)

Dielectric

Dielectric Inner
braid

T
Inner
conductor

Inner
conductor

Inner
conductor

The fivecommon RF cable designs are:
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Figure 60 Cable designs

The desig nsab ove each used for different purposes , depend ing upon the operating frequency range
and where the cab le is installed . The tab le below shows some of the fea tures that are important for
selecting the cor rect design.
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Design of outer
Single screen Double screen Tape and screen

conductor

Design of inner
Solid IStranded Solid IStranded Solid IStrandedconductor

Operating
DC ... 1 GHz DC ... 5 GHz DC ... 18 GHz+

frequency range

Screening - Good Excellent

Common
90 ...95%

Screen A: 90 ...95% Tape: 100%
coverages * Screen B: 85 ...90% Screen: 85 ...90 %

Flexibi lity* * + 1+++ + 1++ + 1++

Design of outer
Tube (Semi-rigid) Corrugated

conductor

Design of inner
Solid Solid ITube IScrewed tubeconductor

Operating
DC ... 18 GHz+ DC ... 5 GHz

frequency range

Screening Excellent Excellent

Common
100% 100%

coverages*

Flexibility* * nla + 1+ 1++

Table 2 1 Ca ble design vs. feat ures/ purposes

• Coverage is related to leakage - refer to Chapter 3.5 .3 .5 .
•• The flexibility is rated from barely flexible l+l to very flexible 1+++1

The higher the coverage , the better the prevention of RF leakage by the cable . Note : Some cable
types may differ from the above mentioned designs.

3.5 .2.2 Cable materials

The materials used for cables may vary considerably from manufacturer to manufacturer, but to give
a general impression of the opt ions, some of the commonly used materia ls for each component are
mentioned in the follow ing :
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- Unplated copper

- Silver plated copper

- Unplated copper

- Tinned copper

- Unplated aluminium (outer conductor for Semi-rig id cables)

- Tinned aluminium (outer conductor for Semi-rigid cables)

Tapes:

Tubes:

Inner and Outer Conductor Materials

W ires: - Unplated copper

- Tinned copper

- Silver plated copper

- Silver plated copper clad steel

- Copper plated aluminum

- Coated aluminum

- Cellular polye thylene SPE

- Crosslinked SPE SPEX

- Polytetrafluoroethylene PTFE

Dielectric Materials

- Polyethylene

- Crosslinked PE

PE

PEX

(halogen-free)

(halogen-free, temperature resistant)

(halogen-free, flexible)

(haloge n-free, flexib le, temperature resistant)

(not flammable , less flexible, temperature-resistant [Teflon])
Note : Teflon is a registred trade mark of DuPont

Jacket Materials

Polyvinylchlor ide

Polyethylene

M od . copo lyethylene

Capolyolefin

PVC [weothe r-resisto nl]

PE (halogen-free, weather-resistant)

lSOH (low smoke, zero halogen)

Radox (halogen-free, temperature-resistant)
Note : Rodox is a registered trade mark of HUBER+SUHNER AG

Polyurethane PUR [obros ion-resistont, flexible)

Fluoroethylene copo lymer FEP (temperature and chemical-resistant)

The material specifications can be found in Appendix 5 .3 .

3.5.2.3 Halogen-free materials

As mentioned above , it would be necessary to use halogen-free materials for the jacket and /or for
the dielectric. Halogen-free materials are used because these substances are suitable for applica­
tions in environments where there is a risk of fires.
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Halogens include iodine, bromide, chlorin e and fluorine. They all are water-soluble. In case ofa fi re,
the danger of using cable sw ith material s contai ning halogens can be severe. The released chlorine
emissions w ill amalgamate wi th the surround ing water (the moisture in the air and the water used
for extinguishing the fire) and create hydrochloric acid. The other substances are caustic too . In this
situation , the steam will cause metal corrosion and w ill be toxic when inhalated by human beings .

3.5.2.4 Material selection guide

For a material selection guide and a detailed comparison of dielectric and jacket materials, please
refer to the SUHNER RF Ca bles cata logue, section M .

3.5.3 Electrical Cable Performance

Coaxial cables are def ined w ith var ious electrical param eters. Some of the most important parame­
ters are listed below :

3.5.3.1 Impedance z,
Unit : n (Ohm)

The mostcommon impedance values are 50 and 75 , but also 93/95 and others are sometimes used
for special appl ications. The impedance depends on the d iameter of the inner conductor and of the
d ielectric (mechan ical dimensions) and on the dielectric mater ial (E,). (Refer also to Chapter 1).

3.5.3.2 Capacitance C

Unit : F/m, pF/ m (Farad per metre, Picofara d per metre)

Similar to the imped ance Za, thecapacitance isgiven by the mechanic al dimens ions of inner conduc­
tor and die lectric.

3.5.3.3 Cut-Off Frequency fG and Operating Frequency Range

Unit: Hz, MH z, GHz (Hertz, M ega hertz, Gi gahertz)

The cut-off freq uency depends on the diameter of the inner conducto r, dielectric (mechanical dimen­
sions) and on the dielectric material (,). The operating frequency or frequency range will common ly
be much lower than the cut-off frequency. Due to the much higher RF leakage on higher oper ating
frequencies, the insertion lossw ill be influenced by increased rad iation , especially in single braided
cables .

3.5.3.4 Attenuation

Unit: dB/ m, dB/100m (Decibel per metre, decibel per 100 metre)

The insertion loss is determined by the diameter of the cable (the big ger the cab le dimensions, the
lower the attenuation) and by the conductor and dielectric materials chosen. A conductor material
w ith a low DC resistance is better than one with a high DC resistance. This means that a silver plated
copper wi re results in a lawer attenuation. A similar rule w ill be valid for the dielectric material.
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Please be aware that the attenuation is expressed as a logarithmic rat io of input power to output
power. The lower the t r the lower the attenuat ion. Idea lly, the attenua tio n should be as low as pos­
sible.

3.5.3.5 Screening Effectiveness or Screening Attenuation Us

Unit: dB (Decibel )

The screening effectiveness depends on the type of braid and the length of the cable . Except ions
are the semi-rig id cable types, w ich offer the best possible screening effectiveness. Cable designs
w ith foi l/bra id comb inations also offer an excellent screening effect iveness. On cable designs w ith
woven bra ids (sing le or double), the screening w ill also depend on var ious parameters of the bra id
(i.e . bra id ing ang le, number of wires per spi nd le, etc.). Please note that a high coverage does not
necessarily result in a high screening effect iveness. The longer the cab le, the lower the screening .
Idea lly, the screening effec tiveness should be as high as possib le.

Note: Use threaded connectors when measuring screening effectiveness because other connectors
can be sign if icant error contributors.

3.5.3 .6 Velocity of Signal Propagation VR

Unit: % of c (percent of the speed of the light)

The veloc ity is only determined by the dielectr ic mater ial (Er).

3.5.4 Cable Types and their Characteristics

Ou t of a large number of different cables , we have chosen to dea l br iefly wi th four RF cable types.
For detailed information please refer to the SUHNER RF Cables catalogue and other SUHNER cable
brochures .

The four cable types in Tab le 22 are all avai lable with various d imensions and design s. It is also
possible to combine all their d ifferent designs and mater ia ls. In the follow ing tables, the most impo r­
tant features of the types will be explained. A combination or crass-reference table between the con­
nector series and the cable types is not given, as it is impossible to simp ly assemble a connector and
a cable wi thout knowing the exac t application . A huge number of variations ore possible for meeting
the different requ irements.

How ever, attent ion must be pa id to the suitable cable group. The cable group def ines a range of
d ielectr ic diameters and possible cab le types, and is the link between the connector and the cable
selection . The diame ter of the cab le inner conductor must more or less correspond to the diameter
of the connector centre contact. This enables the number af possibil ities to be considerably reduced.
(The d ielectr ic d iameter in mm is mentioned in the SUHNER connector and cable coding key) .
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Item Flexible Cable Feeder/Jumper wWave Cable Flexible Micro-
Cable waveCable

IRG58 C/U, RG 223 / UI ISUCOFEED®) ISUCOFORM®, (SUCOFlEX@j
Semi-<igid)

O perat- DC ... 5 GHz DC ... 5 G Hz DC ... 18 GHz DC ... 50 GHz
ing fre-
quency
range

Features - General purpose - Low losscob le - High frequency - Flexible micro-
- W ith double - Avail able with cable wave ca ble

screening cp pli- large diameters - High c.w. and -Low loss
cable up to 1 GHz and as corrgated peak power - Phase stable

cab le - For fixed - High screen·
insta llations ing

- Ca n be formed - Excellent
by hand (Alu-SR, electrical
SUCO FORM) perfo rmance

Cable UO ... U45 M 6 .. . M 42 Y1 ... Y12 Available as
groups assembly only

Dielec- 0 .5 2mm .. 17 .3 mm 6. 0mm .. 42 .0mm 0.66 mm .. 8.43mm N/A
tric dia- (0 .020" .. 0 .68 1") (0 .23 6" .. 1.654 ") (0.0 26" .. 0 .332" )
meters

Table 22 Cab le types, opera ting frequency range , features and cable groups/ dielectric diameter

Note: All coble groupsare in the HUBER+SUHNERconnector ond coble cotologues
For further informotion pleosecontoct your opplicotion engineer ot HUBER+SUHNER

3.5.5 Microminiature Connectors

In the M icrominiature connectors group, the MMCX series is available.

3.5.5.1 Characteristics

The MMCX is a HUBER+SUHNERspecifie d miniature version of the MCX connector (appr ox. 30%
smaller ). This connector series (50 ohm) has a Snap-on coupling mechan ism, which is achieved by
a snap ring. This mechani sm guarantees rap id engagement and d isengagement and a good repro­
ducibil ity of electrical performance. In add ition , the connectors have a low RFleakage due to a non­
slotted outer conductor. The frequency range is DC - 6 G Hz.
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Snap ring (Snap lock)

Figure 6 1 MMCX plug connector

The MMCX connectors ore ovo iloble os trod itiona l cable connectors as we ll as PCBsockets and sur­
face-moun ted/edge-mounted types .

3.5.5.2 Segments and Typical Applications

MMCX connectors are suitab le for applications such as PCBs, w here the outer d imensions have to
be as small as possible and where easy and reliable coupling is important. These applications co uld
be Telecoms (isdeveloped especially for mobile telephone opplicofion s]or perhaps for testand mea­
surement (T&M ) purpo ses, such as mobi le hand sets.

Series Segments Typical Applications

MMCX
Telecoms (wireless)

In mob ile telecommunication equ ipment
e.g . portable equ ipme nt

Test and Measurements T&M equ ipment

Table 23 Microminiature segments and opplications

3.5.5.3 Typical Cables

MMCX cable connectors can be attached to semi-rig id cables and w ith full crimp to flexi ble cables.

The specified cable groups (refer to con necto r ca talogue ), Y3 , Y1 1 and UO, U 1 respectively, w ith
d ielectric d iameters fro m 0 .51 to 1.5 0 mm (0. 02 to 0 .059 inches) ore suitable for this series.

3.5.6 Subminiature Connectors

3.5.6.1 Characteristics

The MCX series is a subgroup of the Subminiatur e con nectors, because its outer diame ter is about
30% smaller and it is lighter than the 5MB co nnectors, even thoug h it has the same inner conductor
and dielectric d imensions . However, the MCX is placed in this g roup because it isdefined as a substi­
tute for the 5MB and is lorger than the MMCX. The frequency range for 50 ohm designs is DC to
6 GHz. The MCX connector is also available w ith a 75 ohm impedance, wh ich ca n substitute the
conn ectors DIN 1.6/5 .6 and 5MB 75 ohm. The MCX 75 ohm is mateable with the MCX 50 ohm.
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As with theMMCX it has a Snap-On coupling mechanism, which ensureshigh reliability and repeat­
ability. Another feature is the reduction of space compared to the 5MB connector.

Slotted outerconductor
(Snap lock)

Figure 62 MCX plug connector (mole)

Originally, the SMA series was specified for semi-rigid cable 0 .141 " and as precision connectors
for microwave applications in the military industry. The SMA has high mechanical strength, mainly
because of the threaded coupling mechanism, and a frequency range from DC to 18 GHz wi th
semi-rigid cables (DC to 12.4 GHz when attached to a flexible cable and in some cases special
designs operating mode free up to 26.5 GH z are ovoiloble] . SUHNER SMA connectors are avail­
able with 3 different materials : standard beryllium-eopper with gold-plating, stainless steel and the
economic version in brass with SUCOPLATE mating .

Figure 63 SMA plug connector

SMA connectors have various designs: cable connectors, receptacles, stripline , microstripl ine,
hermetically sealed, PCB, shorts and various adaptors.

The 5MB series (50 ohm) consists of connectors designed in a similar way to the SMA connector,
but is provided with a Snap-On coupling mechanism and has a frequency range from DC to 4 GHz.
Itsmain feature is rapid engagement and disengagement, as with other connectors that useSnap-On
techniques. Generally, they have a good performance, even in moderate vibration environments.
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Figure 64 5MB plug connector

The SMC series (50 ohm) has a design ident ical to the 5MB (inner conductor and insulator) except
for the coupl ing mechanism, which usesa threaded connection . Becauseof this, it is0 vibration proof
connect ion and can be used up to 10 GHz as a substitute for the 5MB connecto r.

Figure 65 SMC plug connector

The 1.0/2 .3 series (inserts) is designed in accordance with the German standard DIN 41626/2
(TypeD connector) and is suitable for insertion in mixed layout connectors (DIN 41612 pattern M) .
The inserts are prov ided with a Slide-On coupling mechanism, whi ch ensures fast connection and
high reproduc ibil ity. The frequency range is DC to 4 GHz, but is applicable at higher frequencies
too (at higher VSWRI. To remove the 1.0/2 .3 from the DIN 41612, it is necessary to usea removal
tool.

Threaded

Slotted outer conductor
(Snap lack)

Snap ring (Snap lock)

Slide-on

Figure 66 1.0/ 2.3 insert, plug
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The BMA series (50 ohm) consists of blind mate connectors wi th Fixed as well as floa ting contac ts.
These types can accommodate a certa in amount of axia l and rad ial misali gnment. The connector
centerl ine to centerline is reduced, resulting in hig her packing density and lower overa ll space and
weight. They can be attac hed to flexib le and semi-rig id cab les. Frequency range is DC to 22 GHz.

Slide on
(blind mate)

Figure 67 BMA plug connector

3.5.6.2 Segments and Typical Applications

The mai n purpose of using the MCX connector is its reduced space requirements and ease of connect­
ing, w hich is essential in almo st every application, such as mobile base stations and T&M .

SMA connectors are used in many different applica tions, but mostly in T&M and mil itary/defence
produc ts, beca use they have a high durab ility and low VSWR (refer to Table 24) .

5MB connectors are used w here a qu ick connectio n is required , e.g . internally in a mob ile con tro l
station, and for applicatio ns w ith limited space .

SMC connectors are also insta lled in mob ile equ ipment as with the 5MB , where a stable and perma ­
nent connection is needed .

1.0/ 2 .3 insertsare used for various rack and pa nel purposes in mobile equipment (refer to Table 24
below) . The inserts have full crimp attach ment to flexi ble cables and crimp-solde r attach ment to
semi-rig id cables .

BMA connectors are suitab le for applica tions w here a multip le connector contact is required . This
could be a selection of BMA connec tors aff ixed to a panel boa rd and coupled to a subsystem. They
are characterized by their ease of assembly and reliabil ity.
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Series Segments Typical Applications

MCX, SMA Test a nd Measurements Far T&M equipment

MCX Telecoms - Miniature GPS receivers
- Interna l wiring in base sta tions

5MB, SMC, Telecoms (fixed) In mobile telecommunication equipment e.g.
1.0/ 2.3 control station (rack and panel 1.0/ 2 .3)

MCX, SMC Telecoms (wireless) For mobile base stations and general pur-
pose

- SMC Avionics Sub-systems;
-BMA System "blind-mating" interconnections e.g.

rack and pa nel systems

SMA Military/ Defence Airborne radar

Tobie 24 Subminiature - segments and app lications

3.5.6.3 Typical Cables

It is possible to a ttach the Subminiature connectors to many different cables . Therefore, the typical
ca ble groups will be mentioned for each series individua lly.

Series Cable Groups Dielectric diameter

MCX U1 ,U2,U4, Y2, Y3, Y11 0 .51-1 .50 mm (.020 - .05 9 1 inches)

SMA U2,U4,U7,U9,U10, U11, Y2,
1.51 -2 .95 mm (.0594- . 116 1 inches)Y3, Y5

5MB Ul ,U2, U4,U5, Y3, Y11 0.5 1-1 .50 mm (.020 - .05 9 1 inches)

SMC Ul ,U2, U4,U5, Y3, Y11 0.5 1-1 .50 mm (.020 - .05 9 1 inches)

1.0/2 .3 U2,U4 1.51 -1 .50 mm (.0594 - .059 1 inches)

BMA U2,U9,U10, U11, Y3, Y5 1.51 -2 .95 mm (.0594 - .1161 inches)

Table 25 Coble groups for Subminiature connectors

3.5.7 MiniatureConnectors

TheMiniature connector series ranges from some 01the most commonlyused connectors inelectron­
ics, such as BNC and TNC, to some of the more special connectors such as BNO (twinaxia l) a nd
BNT(triaxial). MHV a nd SHV connectors have a lower frequency ra nge, buta muchhigher voltage
range.
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3.5.7.1 Characteristics

The BNC series (Bayonet Navy Connector) consistsof connectors featuring a two-stud bayonet cou­
pling mechanism, which ensure quick and frequent mating . The connectors are ava ilable with 50
ohm for frequency range DC to 4 GHz and 75 ohm for DC to 1 GHz. The 75 ohm versions are
standard 50 ohm connectors with a reduced dielectric at the interface. The 50 ohm and 75 ohm
versions are intermateable.

Bayanet lock

Figure 68 BNC plug connector

The TNC series has the same design as the BNC, except for the coupl ing mechanism, which uses
a threaded coup ling . The tighter fit provided by this screw-on connection improves the interface con­
trol. Due to this coupl ing, they can also withstand shock and vibra tion . The frequency rang e for TNC
50 ohm is DC to 11 GHz. However, the precision designs wit h dielectr ic support bead are able to
wor k up to 18 GHz.

The 75 ohm designs for impedance matching are suitable for precision video and computer cables .

Screw lock

Safety holes

Figure 69 TNC plug connector

MHV means Miniature High Voltage. Theseconnectors have a wo rking voltage up to 1.6 kV. They
appear almost similar to the BNC , but MHV connectors have elongated insulators overlapping the
inner conductor. This gives good shock protection when unmated.
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Bayonet lock

Figure 70 MHV plug connector

SHY (50 ohm) connectors are Safe High Voltage connectors (up to 3 .5 kY). When the cannec tor is
unconnected , an excellent protection aga inst electr ical shock due to handling is guaranteed, be­
cause the pin as we ll as the socket are recessed within the housing . The design of the SHY also has
a bayonet coupling mechan ism.

Bayonet lock

Figure 71 SHY plug connector

The BNO series is twinaxia l, wi th a two-p in bayonet coupl ing mechan ism, 1 female and 1 male,
which is called po lariza tion . This type of connector requires onochment to twin-conducto r cable,
wh ich is not covered in this book.
Although the BNO is similar to the BNC connec tor, it is not possible to mate the two types. More
recently some four-pin designs have appeared on the market. The BN O has no def ined impedance,
but works up to 200 MHz.

Bayonet lock

Figure 72 BNO plug connector
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The BNT is a triaxi al connector w ith three concentric contacts and a bayonet coupling similar to
the BNC , which is mateable with the BNT.The only suitable cable is triaxi a l cable, wh ich is not out­
lined here. The impedance between the inner conductor and the inner of two outer conductors is 50
ohm. The frequency range is DC to 3 GHz.

Bayonet lock

Figure 73 BNT plug connector

3.5.7.2 Segments and Typical Application

The BNC is used for a very large number of purposes, such as industrial products, military and T&M .

Narmally, the TNC is used for similar applications as the BNC, but where a higher frequency range
and higher vib ration resistance are required. The threaded coup ling makes them par ticular suitab le
for e.g. mobil e radar applications.

The MHY and SHY connectors are both useable in high voltage prod ucts, where electrical shock
must be avoided when handled unmated.

The twinax ial BNO is commonly used in the da ta communicat ion industry.

The BNT connectors are mostly used for T&M purposes.

Series Segments Typical Applications

BNC, TNC M ilitar y, space + general use M ilitary radio and mobile radar systems

Test and Measure ments For T&M equipment

M HY, SHY Nuclear N uclear equipment (T&M)
M edical equipment High voltage app lica tions

BNO Datacoms For computer networks (LAN )

BNT Test and Measurement - Sensor probes
- Critical signal measurement

Tobie 26 Minioture - segmentsand appli cations
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3.5.7.3 Typical Cables

Each connector series has defined suitable cab le groups outlined below.

Series Cable Graups Dielectric diameter

BNC U 1,U2, U3, U4, U5, U7, U9, U 10 , 0 .51 -7.25 mm (.020 - .2854 inches)
U 11, U15 , U 16, U17 , U18 , U28 ,
U29, U30, U31 ,U32, U33

TNC U1 , U2, U4 , U7, U9 , U 10, U11 , 0 .51 -7.25 mm (.020 - .2854 inches)
U15, U16, U17 ,U18, U28 ,U29,
U30, U3 1, U32, U33

MHV U7,U1 5 , U 16 2.5 1-3 .70 mm (.0988 - . 1457 inches)

SHY U7,U9, U15, U16 2.5 1-3.70 mm (.0988 - . 1457 inches)

BNO V1 * 3.5 1-4.00 mm (. 1382 - . 1575 inches)

BNT W1 , W 2, W3 * 1.5 1-4.00 mm (.0594 - . 1575 inches)

Table 27 Cable groups for miniature connectors

* The coble groups V and W ore symmetrically screened and triaxial cables, respectively.

3.5.8 Medium Connectors

The Me dium connector series isa range of medium sized connectors, which could neither be defined
as tradi tional Subminiature connector nor as large connectors.The standard N and the C series have
the same specif ied frequency range, whereas the UHF connectors have a much lower frequency (re­
fer to Chapter 3.5 .1 , Table 19).

3.5.8.1 Characteristics

N connectors (50 and 75 ohm) are characterised by their threaded coupli ng mechanism, which en­
sures excellent and reliable mating. N means navy connector. It is applicable for medium perfor­
mance and can be attached to flexible and semi-rig id cables. The N connector is specified to 11
G Hz, but is also availa ble as a precision connector provided wi th a dielectric suppor t bead wit h
a frequency range up to 18 GHz. The 75 ohm design is not standard ized and not intermateable
with the 50 ohm type.

In add ition, some of the N connectors belong to the HUBER+SUHNERrange of SUHN ER Q UICK-FIT
connectors . SUHN ER QU ICK-FIT means quick assembli ng of corr ugated cables, e.g. SUCOFEED,
to these connectors, whic h consist of a minimum of components.
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Threaded

Figure 74 N plug connector

The C series reaches a frequency up to 11 GHz. The coup ling mechan ism isa bayonet, wh ich makes
mating quicker than w ith the threaded coup ling This means that the C connector can substitute the
N connector when a qu icker coup ling is required. Howeve r, the con ical overlapping dielectr ic inter­
face also makes the connector less susceptib le to impurities and easy to al ign. Due to its good me­
chan ical design , it can be used reliably at high vol tages.

Bayonet lock

Figure 75 C plug connector

The UHF connector was one of the fi rst series to be launched. They are low cost connectors w ith a
rugged design [i.e, the large inner conductor). The threaded coupl ing mechan ism guarantees good
vibration resistance, but is not weatherproof. The UHF connecto r has a frequency range from DC
to 200 MHz. The impedance quant ity is undefined .

Figure 76 UHF jock connector
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3.5.8.2 Segments and Typical Applications

N connectors ore suitable for applicationswhere a rugged design is needed and good signal trans­
mission is required between two external subsystems, such as a connection from a control station
to a mob ile cellulor base station. Furthermore, they ore wi dely used in T&M app licat ions.

C connectors have found uses in militory radio applications, due to the fact that they have a higher
frequency range and power level than the BNC connector suitab le for these purposes.

UHF connectors ore commonly used as connections for ground aerials and television interconnects,
whi ch can be either Telecoms or commercial app lications.

Series Segments Typical Applications

N Telecoms (w ireless) Mobile base station usage

Test and Measurements For T&M equipment

M ilitory/ Defence (Avionics) Radar systems

C M ilitory Rad io system (higher frequency BNC)

UHF Telecoms (fixed)/Commercial LF aer ials etc.

Table 28 Medium - segments and applications

3.5.8.3 Typical Cables

Medium sized connectors require large and rugged cab les, which can transmit the signals virtually
w ithout loss. The suitable cablesore : semi-rigid, flexible, superflexible and corrugated cables . How­
ever, the UHF-twin can be attached to a (two-pole) symmetrically screened cable as BNO.

Series Cable Groups Dielectric diameter

N U2,U4,U7,U9,U10,U28,U29, 2.5 1 - 23 .50 mm
U30, U32,U33;Y3, Y5, Y7, Y8, (.0 988 - .9252 inches)
Y9, Yl l , Y12, M6, M8, M 12, M 23

C U7, U9, Ul0, U28 ,U29 ,U30,U32, 2.5 1 - 7 .25 mm
U33 (.0 988 - .2854 inches)

UHF U7,U9, UI5,U I6, U28 ,U29,U32 2 .51 - 7 .25 mm
(.0988 - .2854 inches)

Table 29 Cable groups for medium connectors
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The large connector group concerns connectors with a very rugged design and high mechanical
reliability.

3.5.9.1 Characteristics

The 7/16 DIN series (50 ohm) consists of physically large and robust connectors with an inner con­
ductor diameter of 7 mm (.2756 inches) and an internal outer conductor /body diameter of 16 mm
(.6299 inches), these dimensions having given this connector its name. The connector has a low
transmission loss with good intermodulation performance, suited for signal transmission from me­
dium to high power. Thecoupling mechanism is threaded. The7/16 connector works up to 7.5 GHz
and is available in a SUHNER QUICK-FITversion (refer to Chapter 3.5 .8 .1 , N connectors).

Threaded

Figure 77 7/ 16 plug connector

The 4 .1/ 9 .5 DIN series (50 ohm) is also named after the corresponding inner and outer conductor
dimensions and has a mechanically robust design with threaded coupling mechanism.
These connectors are applicable up to 14 GHz. The electrical performance is lower than that of
7/16 connectors but higher than that of N connectors. The 4 .1 / 9 .5 is also available as a SUHNER
QUICK-FIT connector for corrugated cables such as SUCOFEED.

Threaded

Figure78 4.1/9.5 plug connector
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3.5.9 .2 Segments and Typical Applications

The two series 7/ 16 and 4 . 1/ 9. 5 are both used in low-loss tran smission outdoor appl icat ions . There­
fore , they have to be partly woter-prool a nd non-corros ive . Typical appl ications are: mobile cellular
base stat ion links, lightning protection and a ntenna feed syste ms.

Series Segments Typical Applications

7 / 16 , 4 . 1/ 9 .5 Telecom s (wireless) Mobile base sta tion usage

Military/Defence Antenna feed systems, EMPs

Ta ble 30 la rge co nnectors, market segments a nd typical ap plica tions

3.5.9.3 Typical Cables

The above series are normall y a ttached to physica lly large coaxial ca bles (eg an tenna feed ca bles ),
a s well a s corruga ted ca bles, which trad itionall y ca n be difficult to as semble. W ith the a id of spe cial
SUHNER QUICK·FIT tools, the time requ ired for assembling is reduced considerably.

Series Cable Groups Dielectric diameter

7/16 U28 ,U29, U32, U33 ;U38,U44 , 6 .5 1- 42 .50 mm (.256 3-1 .673 inches)
M8 , M9 , M 12 , M23 , M32, M42

4 .1/9 .5 U9,U10, U28,U29, U32,U33 , 2 .51-23.51 mm (.0988-.9256 inches)
M8 , M9 , M12 , M23

Table 31 Ca ble groups for large connectors

3.5.10 Precision Connectors

Precision co nnectors are char a cte rized by their improved electrical repeatabilityand high opera ting
frequency.

3.5.10.1 Characteristics

The PC3.5 se ries ha s an a ir d ielectric inte rface and a thicker wall thickness than the SMA connecto rs
due to the 3 .5 mm (.118 in.]a irline and has also a threaded coupl ing mechanism. This enables the
co nnector to be applied up to 26 .5 GHz and with adaptors to 33 GHz. The PC3 .5 is intermateable
with SMA and K.
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Threaded

Figure 79 PC3.5 plug connector

K connectors also have an air dielectric interface and a higher frequency range than PC3.5 connec­
tors, from DC to 40 GHz (cut-off frequency up to 46 .5 GHz). to which only few suitable cables can
be attached.

They are intermateable with both PC3.5 and SMA . The mechanical stability is high, and the repea t­
ability is very good .

Threaded

Figure 80 K plug connector

3.5.10.2 Segments and Applications

Norm ally, the connector series PC3.5 and K are both used for test and measurement purposes.
The cable groups suited to PC3.5 connectors are typically semi-rigid cab les, such as Y3, Y5, Yll
and Y12 . Typically, the K connector is attached to specia lly adjusted semi-rig id cable specified as
cab le size Y10 (refer to connector catalogue) .

PC3 .5 , K Test and Me asurement Testing equipment app lication s

Table 32 Precision - segments and applications
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3.5.11 Within-Series and Between-Series Adaptors

Within-series or between-series adaptors are normally used to make a transition from one transmis­
sion line to a similar or different type . Theseadaptors can also be used to extend an existing transmis­
sion line, for example between an internal and an external system.

3.5.11.1 Characteristics

Adaptors are characterized by having either a fema le to female or a male to male connection. In
addition, they are available as standard or precision and as chassis mounting designs to enable
panel feed-through connections (refer to connector catalogue for drawings and specifications and
Appendix A). In addition, they have a high repeatability and good durability.

The adaptors have a high performance, wh ich is normally standardized (e.g . between-serie s in MIL
Standard 55339) . The high performance is usually ach ieved by the threaded coupl ing mechanism
and perhaps an air dielectric interfa ce. Threaded coupling means slower mating , however,
HUBER+SUHNER has launched so-called "Q UICK-TEST" adaptors w ith a quick-connect feature,
wh ich facilitates the measurement connection considerably.

3.5.11.2 Segments and Applications

As written above, the adaptors are used in applicat ions where the transmission line has to be ex­
tended or connected w ith an internal or external component. Furthermore , they are commonly used
for test and measurements purposes.

Segments Applications

Adaptors Test and Measurement Testing equipment appl ications
General use Extension of existing connection s/ lengths

Table 33 Adaptors
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3.6 STANDARDS

It would be too complex and beyond the purpose of this book to describe all the standard s wh ich
RFconnectors must satisfy to. In the following, only the various standard ization committeesare listed.
For further information, please refer to the specific addresses mentioned below or contact your na­
tional standard ization boards.

Standardization Committee Origin and Description Address

MIL US, International standard D.E.S.C.
Based on militar y require- Office Symbol ELDI
ments 1507 W ilmington Pike

USA-Dayton, O H 45444
Tel. + 1 51 3 296 5 111
Fax. + 1 51 3 296 5001

IEC International IEC Central Office
Ma kes recommendations only P.O .Box 131 3
Standards for interface dime n- Rue de Varembe
sions and test methods CH-121 1 Geneva 20

Tel. +41 22 733 3843
Fax. +41 22 919 02 11

CECC Europe CECC
European quality assurance General Secretar ia t
system 35 Rue de Stassart
Independent supervision B-1050 Bruxelles
Issues QPL Tel. +32 2 519 6871
Intended to replac e national Fax. +322519 6919
systems

O ther National Standards:
EIA USA -
DIN Germany -
BS Great Britain -
NF France -

Table 34 Standardization Committees
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4. TESTS AND MEASUREMENTS

To achieve an optimum design , to make specifications and to ver ify the electrica l per formance of
RF cable connectors, var ious tests and measurements are necessary both during the design period ,
after prod uct release and before the integration in a system. An important issue to keep in mind are
the requirements for making reliable measurements. The proper devices for the measurement have
to be availab le, and the cor rect proced ures must be care fully followed .

Outlining how to measure RF cab le connectors, this chap ter focuses on descriptions of some of the
most frequently used specifications; e.g . reflection coeffic ient or return loss, forward transmission
loss or insertion loss, and passive intermodulat ion products. The main emphas is is pla ced on the
measurement and parameter theory, pra ctical examp les and test set-ups of the described methods.
Finally, a list of recommend ations for measurements and of the dos and don 'ts end this chapter.

4.1 MEASUREMENT THEORY AND METHODS
W hen connectors are to be tested, it is essential to know that only connec tor pairs can be measured.
This means that when measuring cable connectors (par t of a cable assembly), they w ill always be
mated with an adapter or a terminat ion to compl ete the transmission line. O therwise, it is not possible
to carr y out the measurement.

The selection of a method norma lly dependson the item to be tested. When for instance the reflection
coeffic ient is desired, the one-port measurement method is applied, and for measuring the pa ssive
intermodul ation products, a two-port network is usually used. The following deals w ith both the one
and two-port network methods . Theory, specification s and influences on pa ssive intermodulation
products are also described in Chapter 1.6 . First, the introductory descript io n of the methods is given
in the most elementary form possib le. Second, the methods and their equations are related to the
pract ica l use of a modern vector network analyser, combining necessary equipment; i.e. reflectome­
ters, vo ltmeters, etc. In addition , the typi cal test set-up and some of the most frequently measured
parameters are described.

4.1.1 Two-Port Network

A two-port network is a system provided w ith two accesses (ports). Through these ports, the system
can excha nge electrical, opt ical , mechan ical , acoustical or other energ ies wi th the surroundi ngs.
Examples: A loudspeaker has a system containing one electrical and one acoustica l por t. An electric
eng ine has a mechanical and an electrica l por t.

Figure 81 Simplified two-port network
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The electrical two-par t netwa rk is identical to a four-param eter network, because every port consists
of a sum of waves, which can be separated into a forw ard and a reflected wave throug h a so-called
d irectional coupler. We will conf ine ourselves to the descriptio n of pure electrica l one-port and two­
po rt networks, i.e. systems wi th one or two electrico l access po irs.

4.1.2 Four-Terminal Networks at High Frequencies

The quantities, voltoge and current, lose their uniquenessand will be increasingly d iff icult to measure
at high frequencies (M Hz range and higher). In the microwave range , it is easier to handle the incom­
ing and outgoing wa ves in a two-port network and thereby characterise the system.

A

Port 1

°1

OUT

Two-port
network

B

Figure 82 Simplified views of the incoming and outgo ing woves in 0 two-port network

Note: DUT is the abbreviation of Device Under Test.

Figure 82 (Aand B] shows the electrical incoming waves, called a l and a2, and the outgo ing waves
wit h the a id of ar rows, b , and b2. How ever, it is a prerequisite that bo th po rts are perfectly closed
outwa rds, and that the outgoing signals are not reflected bac k to the two-port.

The two-port network can be characterised systematica lly by means of so-called S-parameters (scat­
tering parameters). For a full description and ca lculation , 4 pa rameter s- correspondi ng to the matrix
2 x 2 - are needed. By using these parameters related to the incoming and outgo ing waves, the
following equations will apply:

112

bl = 511 · 0 1 - 512 . 02

b2 = 521 ·01 - 522 . 02 or (40)

(411
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The outgoing waves make up an S-matrix as a function of the incom ing waves. The mean ing of the
para meters is:

SI I : Input-reflection coeff icien t (return of signal a l to input at part 1)

S22: Output-reflection coeff icient (return of signal a2 to output at port 2)

S21: Forward-transmission coeff icien t (transmission through to part 2)

S12: Reverse-transmission coeff icient (tronsmission through to port 1)

The S-parameters are functions of the frequency (frequency dependent).

4.1.3 S-Parameters

Due to the extended use of modern vector network ana lysers, the S-para meters have become more
importont and easier to determine. Toda y, they are the most freque ntly used network param eters in
the pa ssive transmission technique. However, more details are necessary to descr ibe the functio n
and calculations of coeffic ients, wh ich are all expressed by S-parameters (refer to Figure 82).

What is important to remember is that S-parameters are complex factors and dep endent on the fre­
quency. They have a value designated in dB and a related phase, which are measured in terms of
incident and reflected voltages using a vector voltmeter or a vector network analyser (call ed VN A) .

4.1.3.1 Forward and ReverseTransmission Coefficient

The transmission parameter S21is the rat io of the outgoing wave (b2)at port 2 to the incoming wave
(called a l or reference level) at port 1. The reversed parameter S12 is the rat io of the outgo ing wave
[b .] at port 1 to the incoming wave (a2) at por t 2.

As mentioned above, the S-parameters are complex quantities. The value as well as the pha se con­
tain important information abou t the function of the two-port network.

To be able to better interpret the system, the two ports of the network can be regarded as the input
end (port 1)and the outpu t end (port 2). The value of S21corresp onds to the loss of the signal (signal
loss) incurred by running from port 1 through the two-port network . The phase value tells how much
- or where - the outpu t signal has been replaced comp ared w ith the phase of the input signal (start
phase) . The transmission flow is the same for the par ameter S12, except that it is in the reverse direc­
tion, i.e. from port 2.

The phase requ irementsof the two-port network can be regarded aseither black or white. As in most
appl ica tions, the pha se of the single component itself is very irrelevant, whereas - as a par t of a
system - it has a crucial influence on the overall system perfo rmance. In the transmission technique
includi ng cables, the absolute phase may be of minor influence. O n the other hand, the relative
phase in phase sensitive systems can be of great significance. This is the case, if the phase exists
between several transmission lines, or if the pha se change of a line is a function of the temperature
or other envi ronmental influences, e.g . displacements, pressure or agei ng.

The electrical matching of var ious transmission lines under stable environmental conditions is calle d
phase matchi ng or power-factor correc tion. These factors are marked with eel (electrical phose] and
determ ined ot a specific frequency and wave length, respectively . The phase difference, or the align­
ment of two tronsmission lines or more, is def ined as phase tracking or phase al ignment.
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Theoretically, many pa ssive transmission lines are symmetrica l or balan ced, thus that S21and S12 ­
in spite of some inaccuracies - are ide ntica l va lues.

4.1.3 .2 Input and Output Reflection Coefficient

The reflection parameter S11 is the ratio of the reflected wave (b,) to the incomi ng wave (a ,) at por t
1 w hen port 2 is terminated. For S22 the ratio is formed by the incoming wave a2 at port 2 and the
reflected wave b2, respect ively. The wave a 1 is a lwa ys defi ned as the reference level (measured).

The two above- mentioned pa rameters are also complex quantities. The value of the reflec tion coeffi ­
cient is of great importance. The reflect ion phase in cable-connected transmission lines, however,
is mostly irrelevant . As the unit measure for the va lue of the reflection coeffi cient S11, the relative unit
(dB) is applied .

4.1.3.3 Matched Ports and Absolute Quantities

In the descri ption below, the two-port network and its param eters are related to the influence of
matched ports, i.e. w hen either port is omitted. It means that one por t is matched. The matching by
the VN A is orga nised by an interna l sw itch, w hich is automatically changed from sending sig nals
through port 1 and leaving port 2 out, or vice versa.

The purpose of matching is to find the quan tities of the desired coef ficients , wh ich are the reflect ion
waves deri ving from and forward waves leaving the device under test (hereafter ca lled DUT). The
DUT w ill normt;J lly consist of two connectors and a cab le to connect them (a cab le assembly)

Situation 1 (concerning the one and two-por t netwo rk method s):

When the generato r or the source is connecte d to por t 1, and port 2 is perfectly matched (a2 ; 0),
the equa tions of the S-parometers {refer to equation (40)) are reduced to the following :

A. Input-reflection coefficient:
Viewedfromport 1 (still a2= 0).

(42)

Situation 2 (only concerning the two-port network method) :

When the source is con nected to port 2, and port 1 is perfectly matched (a 1 ; 0) :

A. Reverse-transmission coefficient S12 =bda2 (43)
Voltage transmission coefficient fromport 2 to port 1, when port 1 is matched.

B. Output-reflection coefficient S22 =b2/a2 (44)
Looking intoport 2 when port 1 is perfectly matched.
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When por t 2 is perfectly matched (a2 - 0) :

c. F~rward·transmission coefficient: 521 =b2/al (45)
Voltage transmission coefficient from port 1 to port 2 when 2 is perfectly matched.

4.1.4 One-Port Network

The one-port network is actually a par t of the two-po rt network. It is a two-port network without one
of the ports, which is normally port 2 (see Figure 4 .3) . By this, a termination , e.g . 50 Q , works as
a one-port netwo rk. When it is connec ted to port 2 at the DUT, the two parts become a one-port
networ k. Port 2 at the VNA wil l not be used. This method is often used when only the reflection coeff i­
cient is desired .

One·port 50 Q
Termination

---------------

01 02 01--- ---Two·port
network

b1 b2 b1--- ---....... -......--
One-portnetwork

Figure 83 Schematic diagram of one-port network set-up w ith OUTand 50 Q termination

Omitting port 2, the number of basic equations is reduced to one only - the para meter Sl l - wh ich
will be easy to ca lcula te, as a2and b2will be zero . It is the same case as descr ibed in situation num­
ber 1, and the equation is identical to that of S l l above. The parameter Sl l is directly related to the
VSW R value or the reflection coefficient (refer also to Figure 82 Bl .

4.2 PRACTICAL MEASUREMENTS
The prac tica l measurements have two purposes ; to show how and why measurements are per­
formed . At the same time, transmission theory and component features are integrated . There are
several commo n factors w hen speak ing about RF connecto rs, w hich are usually mentioned in either
the specifications, standards or in connec tor catalog ues. But what do thesequa ntities mean and how
are they determined or verif ied?

O ne important thing to remember when reading the electrical specifica tions in the SUHN ER Coa xial
Connector Genera l Catalogue is that the quantities mentioned are always per connector. However,
the measurement of RF connectors on a vector network analyser usually requires a po ir ofconnectors
to be able to perform asa real transmission line. Depe nding on the connectors to be measured , either
a female (jack) or a male (plug) is terminated to port 1 along with a male or a female at port 2.
Additionall y, the result of a measurement, e.g . the reflection (return loss Rd, must always be inter­
preted as the tota l sum of reflection produced from eac h component .
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In this section, we will make a soft transition from theory to prac tice, so that peop le wi th no or little
knowl edge of test and measurement techniques will also have the opportunity to better understand
the specif icat ions and the measurement procedure s. As it is possib le to choose and car ry out var ious
measurements to test electrica l perfo rmance, only three common exa mples are selected. Each of
them measures one of the follow ing factors:

Example No. 1:

Exa mple N o. 2 :

Examp le No.3:

Transmission factor or
Insertion loss [s2d

Reflection facto r [rJ or
Return loss [0] or
VSWR (voltage standing wove ratio) [S ld

Passive intermodulation level (PIM)
(0 frequency selective power meosurement]

The coeff icients in the examples number 1 and 2 can be determin ed by scctterinq para meters, de­
scribed in the pr ior section . The method of two-port network is appl ied for the first and the third mea­
surement. The second measurement is using the one-port network. However, the first and second ex­
ample , independent of the network appl ied , are tested and displayed by the VNA (refer to results
below), w hereas PIM is determined wi th a d iffere nt measurement set-up. The PIM is measured by
means of a spectrum analyser, and this test set-up is shown in Fig ure 84 .

Termina l 2

Spectrum
analyser

Flange Con nector s

Figure 84 Simplified view of PIM test set-up

Before we star t describing the examples , the importance of calibration, the pro cedure and error con­
tributors are shortly outlined . After that, the above factors wi ll naturally be expla ined according to
measurement parameters and results. A photograph or a dra w ing of the test comp onents w ill be
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shown before the defin ition of the DUT. Overo ll d iogroms or photogrophs of the test set-ups on site
will then be followed by descript ion of procedure and test result(s).

4.2.1 Calibration of Basic Test Set-up

In brief, ca lib rat io n I) is the p rocess of trans ferr ing the accuracy of a standard [read standard specifi­
ca tion of a com pon ent] to a practical measurement system. That is, the erro rs detected in the vector
network analyser (VN A) will be "compensated" for by the ca librat ion , so that the measurement of
the DUT onl y d isplays the reflecti on or any othe r coefficient of the DUT itself and not of the whole
test set-up . In the fo llowing exa mples the ca libration is assumed to be accurate.

The measu remen t quality depends not o nly on the quality o f the connector pa ir measured (DUTl, but
a lso on interactions ar ising at the connector interface between the test port and the DUT. The test
port co nnectors and adaptors used for the measu rements should have a pre cision interface des ign .
The reason is tha t an imperfect socket-ta-p in contact between the adaptors and that between test port
co nnec tors or ada ptors and the DUT can lead to inaccuracy. Usually, the test port components (prec i­
sion connectors, the precision adaptors or the terminations, e .g . 50 Q) are speci fied to certa in quan­
tities (refer also to ca libration example below], Any neg at ive di verge nce from these standard specifi­
ca tio ns affects the wave propagations, e .g. reflect ions de rivi ng from an incorrect d iam eter of the
male pin or an exce ssive pi n depth. These waves are calibrated out (losses subt racted). However,
the deviation waves or departures from the standard are also ca librated in and ca nnot be compen­
sated far later on. O ther defects causing varying mismatches could be inadequate concentricity,

poor surface fi nish, d irt and low contact pressure .

Additiona lly, when a test port adapter is added to the basic test set-up after calibration , it w ill be
an extra contributor to losses and measurement errors . To avoid or min imise those errors in the fina l
test set-up, a ll test po rt components should prefe rably be as perfect as poss ible and all shou ld be
included in the calibra tion procedure. If the interface of both test por t components a nd everything

else is perfectly designed and optimised , the measurement system can theoretica lly be cons idered
as ideal. But the world is unfortunately not perfect. The Firster ro rs occur wh en the DUT is attached
to the test ports. Any deviation, e.g . ind uctive pin gaps or sea ms exis ting at the test por t interface
or occ urri ng by mating the DUT with the test po rt co mponents, wi ll lead to fau lty perfo rmance and
inaccu ra te measurements. It will not be possible to subtract a ll misma tches beforehand, because ev­
ery erro r ca n not be d iscovered or tak en into consideration by the VNA or the person who carries
ou t the mea surement. But it is important to know what may inAuence the measurement result.

Some erro rs a lways ex istas "i nvisible" risks, w hich ma kes the ca libration procedure rather complex .
Desp ite the " per fect" prec isio n test port components and a seamless DUT, the DUT measurement
would still show misma tches because the interface contact would probably not be lossless anymore.
However, if eve ry measurement is done w ith the same " perfect " cali brat ion components, i.e. inner
contact assumed to be seaml ess, all measurements would agree. Accordingly, the following calcula­
tion of S-parameters does not co nta in any error correction.

11 The whole cali bration procedure will not be described here in detail , as it is usually done automaticall y by
a programmed vector network analyser.
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The Open-Short-Load cal ibration (called OSL) is do ne in four steps:

1. An "open" is connected to por t 1 wh ile a "short" is terminated to port 2 (separate devices)

2 . Then a "short" is connected to port 1 wh ile an "open" is terminated to port 2

3 . Finally, each port is con nected to a termination , a "load" (separ ate device)

4 . A connect-through is establ ished - by connecting the two adaptor s

4.2.2 Measurements of Reflections and Transmission

The three practica l exa mples below all include coefficientsor factors that have been descr ibed partly
in thischapter and partly in the Firstchapter. That is, the theory of pa rame ters has not yet been linked
direct ly to the prac tical measure ment pracedures and results. Therefore , the follo w ing descript ions
w ill exp lai n the connection betwe en the desired features and the results d isplayed on the ana lyser
screen.

Return loss VSWR and reflection factor

It is possible to quantify the reflection fac tor by using either the one-port or the two-port method . If
only the reflection coe fficien t isdesired, the one-port network - including the termination - issufficien t
for the purpose. When port 2 is perfectly matched , the only par ameter measured is the Sl l , w hich
is the actua l reflection. The two-port network w ill include all the scanering parameters - S l l , S 12, S2 1

and S22 - whi ch can be defined d irectly by a vector network analyser. Today 's VNAs a llow the reflec­
tion quantity to be displa yed in many d ifferent forms at the push of a burton.

Normally, wh en the reflect ion coefficient is disp layed on the analyser screen , it is expr essed as a
return loss RL (designated [dB]) w ithin a chosen freq uency range. For instance, a test result shows
23 .6 9 dB from DC to 4 G Hz. The stated quantity will always be the highes t quan tity on the curve
shown , cons idered as the "worst case" . (Please refer to the first test result below.)

If the result is desired as a voltage standing wave ra tio (VSW R) quant ity, the return loss can be con­
verted . This is do ne by using the conversion tab le in the formula book or the conversion equation
from table 1.3.4 in chap ter 1. The reflect ion - VSWR - wou ld in this case be 1. 14 (w ithout designa­
tio n) instead of 23 .6 9 dB. Furthermore, the ref lection can be expressed as a reflection coefficient
(also called reflect ion factor). which would have a va lue of 0 .065 (wi thout designation) .

Transmissian cQeffici ent and insertiQn IQss

The transmission coefficient tells how high the output vol tage is in comparison to the input voltage.
In other words, it is the fronsmitted vo ltage that w ill cont inue through the system line. For passive
comp onents like connectors, the transmission coefficient can never be more than 100% of the input
voltage (refer to Figure 22 in Chapter 1). That is why this factor is also referred to as the insert ion
loss (expressed in dB).
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However, regard ed as a measurement parameter, the transmission coefficient is equivalent to the
para meter called S21. Defined by waves or terminal s, it is then the ratio of the output signa l to the
input [oppl ied] signal.

4.2.3 Example No.1: Return Loss and Insertion Loss of an SMA-Assembly

In the first example, two of the SMA specif ications in the SUHNER General Con nector Catalogue,
return loss and insertion loss, will be tested. It might be the case if a coble or a connector has to be
replaced in on application or if the assembly has been exposed to a temperature shock test. In this
example, let ussoy that the application is on externa l interconnection between two subsystems (refer
a lso to connection type No.6 in Chapter 3 .2) . Afte r the test, each of the two 50 Q SMA connectors,
of cour se with the cobl e in between, will be mated wit h a counterpart (on SM A flang e type) placed
on on equipment section.

The DUT is on assembly consisting of the two SM A connectors and a flexib le coble (see Fig ure 85 ),
w hich is measured up to the absolute maxim um frequency of the system compo nents, about 12 .4
G Hz . However, the transmitted frequency of the system line is maximum 5 GH z.

Figure 85 Photogroph of DUT No. 1 with SMAconnectors and the test part adaptors (SMA-PC7l

The DUT components and the g iven specifications (typical quantities):

SUHNER connector po rt numbers:

21 SMASo-3-Sc

16 SMASo-3-Sc

Straight socket connector with
gold plating onCuBe2.

Rightangle pinconnector with
thesame plating asthe 21 SMA.

Specifications for SMA connectors attached to flexi ble cables:

Frequency range:
VSWR:
VSWR:
Insertion loss:

SUHNER CONNECTOR GUIDE

DC to 12.4 GHz
1.10 + 0.010 f IGHzl (for straight connectors)
1.10 + 0.020 f IGHzl (for right angle connectors)
0.15 f IGHzl dB (caused by cable length)
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Cable: RG 58/U

Cable dielectric diameter:1.5 mm
Frequency range: DC to 5 GHz
Length: Approx. 200 mm (7.874 inches)

The methad of two-port network is chosen for the exa mple. At first, the VNA has been cal ibrated
accord ing ly at the end of the test cab les and the SMA adaptors using var ious standard compone nts.
The cal ibration procedure typ ica lly ends w ith a through-eonnection , w here the test ports (here at the
end of the two test cab les) are connec ted to each other. This estab lishes the remaining error vectors
in the VNA. The test set-up below loo ks similar to that of the PIM test set-up (see Figure 84 and
Figure 92) .

However, if the cali bration procedure runs smoothly, the info rmation on the bas ic cond ition is saved
by the VN A memory and the qua ntity of losses wi ll be reset to zero (reference level) at both ports .
Before pro ceeding , a " know n" good component (e.g . a precision airl ine) should be connected to
verify the quality of the ca libration .

Secondly, all DUT components have been selected, carefully cleane d and finally assembled with the
chosen cable. It is important that the cable assembly is assembled correctly and with extreme ca re.
The components must not be assembled w ith d irty hands or gloves. In addition, refra in from kinking
the cable to shorten it or something similar. If the components are being incorrectly handled , the
whole test might provide an erroneous and unreliable result. Naturally, the same applies to the test
cab le and the adaptors before cali brating the VNA.

Fig ure 86 Photogroph of test set-up No . 1 with SMA assem bly
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Finally, before the DUT is connected to the test ports, its pin depths must be checked to prevent me­
chanica l destruction of either the DUT or the test ports . Refer to the recommendations for measure­
ment procedures in the section on dos and don 'ts.

As shown in the photograph above, the test set-up is now completed wit h the termination of the DUT
to the VNA. The 21 SMA is coupled to port 1 and the 16 SMA to port 2 .
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Figure 87 Result of test No. 1 - related to frequency

The VNA is told to display the "worst case" quan tities 01the return loss S I I . At the same time, the
grap hsof the insertion loss, S2 1, the outpu t-reflection coefficient S22 and the reverse-transmission coe]­
fic ient S12 will be defined in the frequency range from DC to 11 GH z.

The organ isation of the screen display isalso indi cated, so that all four diag rams are displayed simul­
taneously. Afte r the ano lysis process has been car ried out, the diag ram w ith the determined "worst
case" qua ntity for S I I (marker No. 1) is displayed on the screen (refer to Fig ure 87 , above left). The
marker No.1 in the rest of the diograms does not ind icate any "worst case" , but is automat ica lly
found at random by the VNA.

Please keep in mind that the cable is not specified to perform up to 12.4 GHz, only 5 GHz, thus being
the restricting component in the whole assembly. It means the result must not be interpreted to be
in the frequency range DC to 12 .4 GHz, but from DC to 5 GHz, which is the cor rect frequency range
for the assembly. The speci fied quanti ties - as function s of the frequency - have to be colculated at
the maximum frequency, w hich is indi cated below.
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:5 1.10 + 0 .010 5 [GHz]
:5 1.1 5

VSWR
VSWR

Toconvert the quantities into other reflection factors (seebelow] , the correct equat ions can be found
in the conversion table in Chap ter 1.3 .4 .

HUBER+SUHNER specifications at 5 GHz:

21 SMA:
lA.

2A. converted into Reflection coeff icient :5 0 .0695

16 SMA:
2A. VSWR

VSWR
:5 1.10 + 0 .0205 [GHz]
:5 1.20

2B. converted into Reflection coefficient :5 0 .091

3. Insertion loss

Insertion loss

:5 0 .15 + ) 5 [GH z]

:5 0.335

Please note that the two VSWR quanti ties, specif ied for the 16 and 21 SMA , both contribute to the
total reflection. To be able to compare the given quant ities w ith the test result, they mustbe summed
up. Then the sum corresponds to the total reflection of the cab le assembly. The VSWR quantity speci­
fied for thecable isregarded asnearly idea l (a lmost 1.0). Therefore, it is not integrated in the calcu la­
tion, as it cantributes to the total reflection wit h a very negl ig ible value.

Test results (indicated by the diagrams in Figure 87) :

The lowest po int or the hig hest reflection value is found at 10.5 3 GHz by marker number I, wh ich
w ill be ind icated automatica lly by the VNA. However, the correct test results for the cab le assembly
are indicate d up to 5 GHz (maximum system frequency) :

4.

5.

Return loss S l l

Insertion loss S21

25 .00 dB

0 .49 dB

Return loss can be conver ted into the following coeffic ients:

6. VSWR
Reflection coefficient

= 1.112
= 0 .053

By the following correct equations or statements in Table 35 , we conclude fram the test that the mea­
sured DUT, the SMA cab le assembly, fulfi ls the specific ations satisfactor ily :
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Coefficient Measured value Specified max.value(approx.'

Return loss = 25 .00 dB (4) 2= 20 log (1/(0 .0695+ 0.091)) dB* (2A & 2B)

= 25 .00 dB 2= 20 log (1/0.1605)

= 25 .00 dB 2= 15. 89 dB

VSW R = 1.11 2 (6) :5 (1 +0.1 605)/(1 -0.1605) (IA& l B)

= 1.1 12 :5 1.38

Insertion loss = 0.49 (5) :5 0.335 (3)

Table 35 Table 1 Test results held up against specified SMA quantities

• N ote: The returnlossis found by using the specified VSW R valuesexpressed as reAection coefficients, because two
VSWR quant ities ca nnot be added and converted into dB direct ly.

The two SMA connectors can now be used in the appl ication without problems, asthey can perform
to at least the specified quantities.

In the example below, a parameter equation is been calculated to show how it is found by using
the input quantit ies.

A calculat ion check by the use of S-parameters:

Input voltage a l
Output voltage b2
Reflected output voltage a2
Reflected input voltage bl
Reverse-transmission coefficient Sl2
Output-reflection coefficient S22 = SI I

Results viewed from port 1 (16 SMA):

Return loss: btla l (positive dBI
1/0.056
17. 86 *
20 log (17 .86) dB

Insertion loss: b2/a l (positive dBI
1/0 .94 5
1.058*
20 log (1.058) dB 0 .49 dB

... The quantities are the reflection coefficients, which ore converted into returnlossand insertion lossvalues, respectively.

Note : N o error correction is included in the S-parameter calculat ions, because it will make them
too complex and it will by far exceed the scope of this booklet .
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4.2.4 Example No.2: Return Loss of an N-Assembly

In this case the one-port method is chosen, because the desired coeff icient only is the reflection or
return loss of the transmission line . The appl ication problem is that a customer wants con nectors that
can w ithstand severe environmental conditions and still perform almost as the two existing sta ndard
N connectors with SUCOPLATE plated beryll ium copper housings. Instead , N connectors wi th stain­
less steel housings are appl ied .

This measurement is carr ied out to check whether these co nnectors can perform os well as the
replaced ones and fulfil the stondard speci ficatio n for VSWR.

Figure 88 Photograph of DUT No. 2 with N connectors and 50 Q termination (Ieftl

The DUT components and the given specif icat ion s (f¥pic al q uantities):

SUHNER connector part numbers:

11 N 50-3-5 1 Straight pin connector with
gold plating onCuBe2 inner conductor and
housing of stainless steel

21 N 50-3-51 Straight socket connector with
the same plating as the 11 N

(and a HUBER+SUHNER 50 Q termination)

Specifications : Impedance: 50 Q

Cable:

Frequency range: DC to 12.4 GHz
VSWR: 1.03 + 0.004 . f [GHz]
(applied forboth N connectors)

Semi-rig id EZ 141

Frequency range:
VSWR:

Length:

DC to minimum 1BGHz
1.25 from DC tomaximum 12.4 GHz
(for Semi-rigid cable assembly with N connectors)
Approx. 200 mm (7.874 inches)

At first, the cal ibration of the VNA. Refer also to ca libration procedure generally and to the first

example.
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The connectors and the cable are carefully fitted to a cable assembly (DUT) a nd finally terminated
to the VN A , which is seen in the ba ckg rou nd of the photograph abo ve (see Figure 89). The 11 N
is attached to port 1 and 21 N is terminated using a suitable term inat ion (here 50 Q).

Fig ure 89 Photograph of test set-up No.2 with N as sembly

The VNA has of course been cal ibrated (matched to zero) wi th the measurement cables , adaptors
and the terminatian, thus it is ready for measur ing the co nnectors in the DUT by the one-port network
method . By this the difference is tested and not the com bin ati on of DUT an d the mea surement equip­
ment.

When the DUT has been coupled , the VNA measures and shows the fo rward reflect ion coefficient
S I I , both as a function of time (pico-seconds) and frequ ency (GHz) . When the measurement is de­
sired as a funct ion oftime , the time domain opt ion of the VNA has been chosen . Itallows the operator
to view where along the DUT reflect ion componen ts are contr ibuting to the sum of all reflections. The
conversion or transformat ion of data from the frequency doma in into the time dom ai n means that
the data w ill be changed from e.g . reflecti on vs. frequency to reflection vs. time or, via wave propa­
gation veloc ity, d istance (Fourier transformation ).

The desired gating or section of the transmission li ne is to be determined by the user. Gating is under­
stood to mean the "i so lation of a selected section " of the DUT, which is loca lised by the VNA as a
ga te. Thereby, the time domain measurement neglects the reflections from the rest of the line and
only the selected are a is measured . In the next exa mp le, the DUT has been gated, so that the reflec­
tions emerg ing from the con nectors 11 Nand 2 1 N and the cable can be found and displayed as
show n in the upper g raph in Figure 90. Note: The measure ment result of an ideal DUT would be
a stra ight line in the time domain .

The ca ble assembly co nsists of two solder cap tiva tio ns of the inner conductors a nd two soldered ca­
ble entr ies. It means tha t there are two junctio ns or contacts at each end creating reflections. The
reflection coe ffici ent, w hic h is expressed in milli units %0, is the result of var y ing imp edance caused
by misma tches (i.e . gaps or d ia meter chan ges). The mismatch may be increased by such factors as
poor surface finish/plat ing, d irt and low mat ing torque .

The highest peaks in the g raph (shown in Figure 9 0 , above) a re the reflections occurring at the cab le
entry and the inner conductor contact. The lower peaks at the far left and far right are reflections
produced inside the conn ectors 11 N and 2 1 N, respectively.
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Figure 90 Result of the test No.2 - rela ted 10 time (pico-seconds}and freq uency

Note: Stra ight line ~ 1 1 N gated Iga ted co nnector sect ion marked with circles C I
Curved line = Cable a ssembly including termination [reel values)

Point 1 detected in the graph at the bottom (frequency doma in) is the highest reflection po int discov­
ered by the VNA. Furthermore, the placement of the worst reflection peak point is found in the
11 N connector in the time domai n (upper graph, po int 2), whereas the 2 1 N doesnot provoke such
high reflection wav es.

The analyser automat ically found the lowest or the "worst case" for the DUT. In this case the lowest
point found is the quantity 25 .33 dBup to 17.0 8 G Hz . This isnot the correct result because thegraph
prim arily ind icates the absolute performance limit from DC to 18 GH z. The correct frequency range
for this example is DC to 12.4 G Hz.

HUBER+SUHN ER reflection values specified from DC to 12 G Hz for each connector :

11 or2 1 N :

converted into

conver ted into

VSWR
VSWR

Reflection coefficient

Return loss

1.03 + 0 .004 . 12 G Hz
1.078

0 .03 75

28.40 dB

Please note that the VSWR quantities, specified for the 11 and 2 1 N , contribute to the total reflection
of the cob le assembly. The sum of the two values will be compared wi th the test result. The VSW R
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quantity specified for the semi-rigid cable is regarded as nearly ideal (almost 1.0). Therefore, it is
not integrated in the calculation, as it only contributes to the total reflection with an insignificant
value.

Displayed result of the gated section (appro ximate values):

Return loss = 25 .328 dB measured in the range from DC to 17 .08 GHz
VSWR = 1.114
Reflection factor = 0 .054

Cor rect result of the gated section indicated up to 12.4 GHz for the 11 N (approximate values):

Return loss
VSWR
Reflection factor

= 28 .50 dB
= 1.077
= 0 .038

Correct result indicated from DC to 12.4 GH z for the whole assembly (approximate values):

To compare the indi cated results w ith the specif icat ions, Table 36 and Table 37 below show parts
of the calculation steps made to convert the values for the lIN alone and for the whole assembly.

Table 36 Table 2 Test results compar ed with specified 11 N 50-3-5 1 reflection quantity

'*N ote: The return loss is found by using the specified VSWR values expressed a s reflection coefficients,
becau se a VSW Rquant ity ca nnot be co nverted into dB d irectly.

= 24 .50 dB
= 1. 126
= 0 .059

Return loss
VSWR
Reflection factor

Coefficient Measured value Specified max. value(approx.)

Return loss = 28 .50 dB ~ 20 log (1/0.038) dB'

= 28 .50 dB ~ 28.40 dB

VSWR = 1.077 s 1.078 or 28 .40 dB

= 1.077 :;; 1.078

Coefficient Measured value Specified max. value(approx.)

Return loss = 24 .50 dB ~ 20 log (1/(0.03 75 + 0 .0375)) dB'

= 24 .50 dB ~ 20 log (1/0.075) dB

= 24.50 dB ~ 22.49 dB

VSWR = 1.126 :;; 0.0751 or 22 .49 dB

1.126 :;; 1.162

Tobie 37 Table 3 Test results compared with specified N quant ities (assembly)

* Note: The return is found by using the specified VSWR values expressed as a reflection coefficient, because
twa VSWRquant ities ca nnot be added a nd co nverted into dB directly.

The conclusion dra wn from these results is that the N connectors with the stainless steel housing are
able to perform to the specified values of VSWR. The customer can replace the existing connector
and expect to obtai n the specified electrical performance with this connector pair.
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A correct result is obtained when calcul ating with the limiting frequency range of the connector, as
it gives the right frequency (transmitted frequency) for the whole system. Again: Do not calculate the
maximum freque ncy of the connector or the cable only, but a lways to the optimum frequency level
of the whole system.

The component in the system with the narrowest frequency passband to w hich the compo nent is spe­
cified wi ll be the limi ting and the highest allowabl e factor and will be decisive for the frequency of
the system. Otherw ise, the risk is high that weak or vanishing sig nals mig ht render a system unable
to operate to the specifications it has been designed for.

4.2.5 Measurement of Passive Intermodulation Level IPIMj

In mobile commun icat ion systems wi th high power transmitters and very sensitive receivers collo­
cated to each other, passive intermodulation products (PIMI can be a problem . It has been know n
for some time that theoretically linear components may exhib it a certa in degree of non-linearity. In
case of two or more signals of different frequency, a non-linear component will perfor m an unwanted
mixing function , causing 1M signals to appear. Should one or more of those fall into the receiv ing
ba nd, it can block a channel, thus reducing system capacity. Therefore, PIM must be reduced as
much as possib le.

When testing the PIM level produced by the passive components, the worst case has to be deter­
mined , i .e. the highest PIM level of the DUT in comparison to the customer specif ied level.

to monitor
PIM

Spectrum
analyser

r----D--D
Cable Termination

~25 dB
coup ler

Figure 91 Schematic diagra m af PIMtest set-up IGSM, 900 MHz systemJ

Typical block diag ram of a test set-up for measuring the quantity of passive intermodulation products
(PIMI is shown above in Figure 91. The practical test set-up (refer to Figure 84 and Figure 921looks
somewhat d ifferent , as the test components and DUT are the only components visib le.
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The following example w ith an intermodulation measurement is intended for read ers who want to
know more about intermodula tion problems, e.g . how coaxial cable assemb lies are tested , and how
much they contribute to the passive intermodulat ion level of a transm ission system.

4.2.6 Example No. J: Passive Intermodulation

As the bui ld-up a nd implementation of mobile co mmunica tio n eq uipment has taken off in the last
co uple of years, a n example w ith a cab le assembly typica lly used for this kind of a pplication has
been chosen . A customer wants to apply a 7/16 cable assemb ly as a feeder tran smission line from
a mob ile base station to an an tenna powe r splitt er. The assembly has to fulfil a maximum PIM perfor­
mance of - 115 dBm to avoid any disturbances or signal interrupti ons. The ca ble assemb ly wi ll con­
sist of two 7/1 6 coaxi al connector s and a 1'/4"cor rugated cable, wh ich w ill be the DUT in the mea­
surement example.

Before the DUT is terminated to the intermod ulati on (1M) test set-up, it is very importa nt that the test
set-up wi th the mea surement cable and the adapter (test port com ponents) is properly cal ibrated .
All test port components must al so be of particularly low-intermodulation design . The reason is that
the reference level of PIM produced by the equ ip ment should be checked and min imised . This is done
beca use of the uncerta inty as to the existence of component erro rs and to ensure to the reliabil ity
of the measurement result.

The test set-up is tested to a passive intermod ulatio n level of maximum - 175 dBc (power ratio to carri­
ers, f1 and bL wh ich is al so called the residua l intermodulati on level. The carriers or signal sources
are ind ica ted in Figure 9 1, w hich shows the PIM test set-up .

The DUT for the PIM mea surement co nsists of the following components:

Co nnectors:

Cable:

HUBER+SUHNER port numbers;
11 716 50-32-1 Straightpinconnecter
21 71650-32-1 Straightsocket connector
(+ HUBER+SUHNER SO Q termination for716)
Max. frequency: 7.5 GHz

Corrugated cable 11/ 4"
Max. frequency: 18 GHz
Lengtft: approx. 200 mm (7.874 inches)

(Port 1)
(Port 2)

The cable entry a t both connectors is based on a c1amp/screw-on outer conductor technique, be­
cause it is proven that this kind provides dynamic and static intermodul at ion performan ce.

Note: A cr imp version w ould probably result in a hig her intermod ula tion level , as it is not stable me­
chan ica lly. Therefore, cr imps should be avo ided in intermod ula tion sensitive applications .

W hen the analyser and the test components have been cali bra ted, the DUT is terrninoted. As w ith
the components to be cal ibrated, DUT components a lso have to be carefully checked and cleaned
for the measurement. The test set-up ready for the PIM mea surement is shown below.
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liiil
@

DUT
/' ~--------,

Port 2 2 1 7 16-50-32-1 11 7 16-50-32- 1

§J~
Adopter 7/16 Corrugated coble 1 II .

Figure 92 1M test set-up with7/ 16 DUT

Measu reme nt
coble
IRG 39 3/ Uj

Adopter 7/ 16

For 800/900 MHz mobile communication systems, the testsignals f l and f2, are 958 and 936 MHz,
respectively. The resulting f;mJ will be at 914 MHz, which falls into the receiving band . The power
level of the two carr iers is 20 watts or +43 dBm (decibel mill iwa tts). The unit dBm is related 10 1
milliwatt of power. Furthermore, the sensitivity of the receiver equipment , e.g. a GSM system or
equivalent, is specified to be - 10 3 dBm and the permissible PIM performance level to max. -115
dBm by the customer. Hawever, the correct customer PIM specification would be -158 dBc (-115
dBm - 43 dBm = -158 dbm]. The magnitude of the receiver sensitivity tells that the disturbance sig­
nals (PIM) must be lower due to the risk of signal interference in the receiver band . However, here
we want to achieve a maximum value of -120 dBm.

First, the test w ill show a PIM result determined at the inlermodulation frequency of the mixed 3rd­
orde r PIM or F;mJ (refer also to Chapter 1 on PIM), which is a sum of the two test frequencies:

2 . f2 - f l [MHz] (= 3rd-order PIMl
2 . 936 - 958 [MHz]
914 [MHz]

The frequency f;mJ is the expected signal arising from non-linear behaviour of the components tested.

The test result related to the frequency is indicated in a static measurement, in the range of the
expected 1Mfrequency f;mJ.
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In Figure 93 , the graph indi cates that the PIM level is we ll below the interna l specified intermodula­
tion performance of - 120 dBm. In fact, the PIM peak doesnot exceed -130 dBm or, related to power
level, the siqnc l-to-noise rati o -1 73 dBc.

However, intermodulation is often ca used by a dynamic or microscopica lly unstable behaviour re­
sulting from varying contact pressure due to temperature vari ations, vibration, mechani cal loading ,
ageing or a lack of cleanliness during assembly. The result related to f;m3 does not indicate "real"
values or maybe not the peak va lues that can occur after the final installation in the system, but only
a somewhat random value.

Figure 93 Resultof the PIM measurement - related to frequency

913.90 914.00 914.10
MHz

Higher intermodulation peaks may occur due to some of the above-mentioned influences, and they
might occur outside the nar row time range when the frequency sweep pa sses the f;m3at 9 14 M Hz .
Therefore, the only way to discover those is to swi tch over from frequency to a time doma in section
(dynamic testing) . This can be done automatic ally by choosing the option for this on the spectrum
ana lyser, as described in test exampl e number 1.
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Figure 94 Result of PIM measurement - related to time (time domain in seconds]

While the spectrum is set to zero spon, the DUT is mechonicolly stressed to verify the stobili ty of 011
contoct poin ts wi thin the DUT. As it con be seen in Figure 94, the mechanical stress induced at 7 ,
11 and 16 seconds crea ted more non-linear cond itions than during the other times. This can now
be Further analysed For remedy iFrequired .
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Figure 95 Power relations in the PIM measurement exa mple
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The dy namic testing result (Figure 94) indicates that the 1M signal does not exceed the limit of
- 120 dBm. The worst peak point between 0 and 20 seconds is d iscovered at about - 125 dBm.
Therefore , the permitted customer value of maximum - 115 dBm is obtained satisfactori ly. The view
of power levels, frequencies and PIM signals may seem a little chao tic . Therefore , the graph in
Figure 95 should help you understand the total result of the power relat ions and PIM test.

The power relation figure indicotes the two intermodulation signal-ta-noise rotios between the power
level and specified customer PIM level and the HUBER+SUHN ER PIM level, respectively. The cus­
tomer permitted PIM signa l-ta-noise ratio, which the DUT is expected to meet beforehand , should be
less than -158 dBc. In Figure 95, the distonce to the customer intermodulation level is less than the
obtained or guara nteed level of -163 dBc, which then gives a safety margin of -5 dB.

Tobe sure that the dynamic testing isstill correct and that the performance test result prov ides 0 stable
PIM value of less than -1 20 dBm, the assembly is normally exposed to a rigorous environmenta l test
programme. The coble assembly must be able to endure such inAuences w ithout producing addi­
tional and cont inuous signal d isturbances in the fina l installa tion.

Between and after these tests, the ossembly w ill ogain be measured for PIM. At the some time, it is
tapped with a nylo n mallet to test sudden shock reaction . The final results are also related to the time
doma in, as shown in Fig ure 96 below.

o
dBm

20

Figure 96 PIM levels after environmental tests and 2 taps - in time domain

Figure 96 shows thot the environmental testsalone do not influence the peak PIM level, and that taps
w ith the nylon mallet influence the peak level negatively in two instances. However, the topp ing pro­
duces spikes [pec ks], after w hich the PIM signal d isoppears. The conclus ion is that the guaronteed
PIM signal-ta-noise-ratio of - 163 dBc still fulfi ls the requ irements.
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Figure 97 Unstable PIMbehaviour after a tap test

Inadditian Fig ure 97, we show you a result of an unstab le PIM behav iou r a fter environmental tests
in. If the upper PIM peaks , cau sed by any shock or vibration influence, are con tinuous, or if the level
increases to above - 115 dBm more ofte n, the behaviou r must be co ncluded to be very unstable.
Inother w ords, the connectors w ou ld not live up the permitted requirements set by the customer.
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4.3 DOS AND DON'TS
This section contains a brief list of w hat to be aware of when preparing measurements wi th regard
to proper care and handlin g of RF coaxial connectors .

PRINCIPLES OF DOS DON'TS

Handl ing and Storage • Do keep connec tors clean • Don't touch mating plane
surface

• Do extend sleeve or con- • Don 't set connectors con- .
nector nut tact-end down

• Do use plastic end caps •
during storage

Visual Inspection • Do inspect all connectors • Don 't ever use a da maged
carefully before every con- connector
nectio n

• Do look out for metal par- •
ticles, scratc hes, dents,
burrs, etc.

Clean ing • Do try compressed a ir first • Don't use any ab rasives

• Do use pure liquid Freon • Don't get liquid onto pla s-
tic suppor t beads

• Do clean connector •
thread s

Gauging (Measuring) • Do clea n and zero the • Don 't use an out-of-specifi-
ga uge before using cation connector

• Do use correct gauge type •
• Do use cor rect end of cali- •

brat ion block. Do check
tolera nces of connector
pin depths

• Do gauge all connectors •
before first time use

Mating/Demating • Do al ign connectors core- • Don't apply bend ing force
fully to connection

• Do make preliminary con- • Don't overtighten prelimi-
nection lightly nary connection

• Do turn con nector nut only • Don 't twist or screw-in con-
to tigh ten nectors

• Do use correct torque • Don 't overturn point of
spanner for final connection torque w rench

Ta ble 3 8 Mea surement procedures
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APPENDICES

ADAPTERS BETWEEN SERIES*

* HUBER+SUHNERoffersmoreadapters than mentioned here. Pleasecontactone of our specialists for
further details.
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ADAPTERS BETWEEN SERIES (coni.)
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PRECISION ADAPTERS
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5.2 ELECTROCHEMICAL POTENTIALS

Difference of electrochemical potentials between some conductive materials (in mY)

t c Q; c-, z
0

"*
Q)N.J:) .Q

E <; '" a c ~ ~
:> U '" E I Q; Q; 0 0

:s <, Q) :> Q;
~C") c

"U c: '" I ~
Q. Q. -? ~ 0

"0 (5 ] .E o u Q. Q.
20 ~ORDINATE i 0 0a::: o V") ;:: ~ u u ~«; in

Plotinium 0 130 250 340 350 430 450 570 600 685

Gold/C orbon 130 0 110 210 220 300 320 440 470 535

Sto inless steel 250 110 0 90 100 160 200 320 350 415

Titanium 340 210 90 0 10 90 11 0 230 260 325

Silver-Mercury 350 220 100 10 0 80 100 220 250 315

Nickel 430 300 180 90 80 . 0 20 140 170 235

Copper alloy 450 320 200 110 100 20 0 120 150 215

Copper 570 440 320 230 220 140 120 0 30 95

Alu-bronze 600 470 350 260 250 170 150 30 0 65
8rass30%ZN

Silicon 665 535 4 15 325 315 235 215 95 65 0

Bross 50%ZN 700 520 520 360 350 270 250 130 100 35

Bronze 770 640 550 430 420 340 320 200 170 105

Ti n 800 670 590 460 450 370 350 230 200 135

Lead 840 710 680 500 490 410 390 270 240 175

Lig htalloy 940 810 690 600 590 510 490 370 340 275
NSA3001

Steels 1000 870 750 660 650 570 550 430 400 335

Aluminium AS 1090 960 840 750 740 650 640 520 490 425

Cadmium 1100 970 850 760 750 670 650 530 500 435

Chromium 1200 1070 950 860 850 770 750 630 600 535

Zinc 1400 1270 1150 1050 1050 970 950 830 800 735

Manganese 1470 1340 1220 1150 1120 1040 1020 900 870 805

Magnesium 1950 1620 1700 1610 1600 1520 1500 1380 1350 1285

c::==J the metal of the abscissa isattacked

c::==J thecontact is practically neutral
c::==J the metal of theordinate isattacked
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Difference of electrochemical potentials between some conductive materials (in mV)

z Or)

N < Q) E
~ ~ E E E :u :::>
0 :::>

:::> :::> c . ~
Or) Q) 0 "" 'c 'E a

N oJ> 'E 'E Ol c
oJ> c -0 :c< Qi e u c OloJ> -0a e t: a

~ ~ :::> a .s: c a a
eO co ;.= 3 Vl 4: u u N ~ ~

700 770 800 840 940 1000 1090 11 00 1200 1400 1470 1950

570 640 670 710 810 870 960 970 1070 1270 1340 1620
1-

450 520 550 590 690 750 840 850 950 1150 1220 1700

360 430 460 500 600 680 750 760 860 1060 11 50 1610
-- I-

350 420 450 490 590 650 740 750 850 1050 1120 1600
-- I-

270 340 370 4 10 510 570 650 670 770 970 1040 1520

250 320 350 390 490 530 640 650 750 950 1020 1500
1-

130 200 230 270 370 430 520 530 630 830 900 1380

100 170 200 240 340 400 490 500 600 800 870 1350

35 105 135 175 275 335 425 435 535 735 805 1285
- - I-

0 70 100 140 240 300 390 400 500 700 770 1250

70 0 30 70 170 230 320 330 435 630 700 11 80
-- I-

100 30 0 40 140 200 290 300 400 600 670 1150

140 70 40 0 100 160 250 260 300 560 630 1110

240 170 140 100 0 60 150 160 260 460 530 1010

300 230 200 160 60 0 90 150 200 400 470 950

390 320 290 250 150 90 0 100 110 310 380 860

400 330 300 260 160 150 100 0 100 300 370 850
f----

500 430 400 360 260 200 110 100 0 200 270 750

700 630 600 560 460 400 310 300 200 0 70 550

770 700 670 630 530 470 380 370 270 70 0 480

1250 1180 1150 1110 1010 950 860 850 750 550 480 0

c===J the metal of the ab scissa is attacked

c===J the contact is practically neutral

c===J the metal of the ordi nate is attacked
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5.3.1

MATERIAL PROPERTIES

Base Materials - Metals (Refer to Chopter 2 for description)

(fl

C
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m
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m

Beryllium Brass
Copper Phosphorus- Brass (CuZn39Pb3 Stainlesssteel Anticorodal

Properties (CuBe) Bronze (CuZn39Pb3 ) non-magnetic ) (303/1 .4305) (AIMgSil )

Density (g/ cm3 / Ib/ in3 ) 8.25/. 298 8.80/.318 8.50/.307 8.40/.303 7 .90 /. 285 2.70 / .098

M elting at temperature °C / o f
865-98 2 * / 88 2- 1030* / 885-895/ 885-895 * /

1425 */2597
600-650/

1590-1800 1620-1880 * 1630-1650 1626-1 644 1110-1 200

Electrical conductivity
22 * 15 * 27 28 no no(% lACS 20 °C / 68°F )

Electrical resistivity Q20 (Qmm2/m ) 0 .128 0 .087 no no 0 .735 0 .031 -0.042

Thermal co nductivi ty (Btu ft/h r ft2 OF) 69* 38 * 72* 120 no no

Therma l co nductivity (W /m K) no no no no 15 150-1 90

Tensile strength (N/mm2 / 1031bf/ in2
J

1400* /
88 * /1 2.8 400/58 .0 400 * / 58.0 * 84/12.0 340* / 4 9.3180- 200 *

M odul us of elasticity 130,000/ 112,000/ 96 ,000 / 96 ,000/ 200,000/
70, 000 /9.96

(N /mm2/ 106Ibf/ in2 ) 18.5 * 15 .93 13.92 * 13.92 28.45 *

Corrosion resistance * *
+water. salt . +water, salt

0 0water water + ++

+ oils; 0 acids, - to - with
Chemica l resistonce * * bases; - acids, bases & + + 0 ++

a mmoniums ammoniums

M ochinobi li ty** + no ++ ++ + ++

Owing to differences in purity in the case of elementsand of composition in metals, the values can be considered only as approximations
The abilitiesof the materials (to be treated, shaped, etc.) are rated from ++ [excellent], + Igood). 0 Ifair). - [poor] to - - (very poor) compared with each other
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5.3.2 Plating/Alloy Materials

Tin-Lead
Properties Gold Silver Nickel (also soldering) SUCOPLATE@

Density (g/cm3 / /b/ in3) 18.0* /. 650* 10.5/ .379 8.89/.32 1 10 .10/ .365 * 8.20/.296

Melting ot temperature °C / o f 1063/ 1945 960 / 1760 1453* /2629 *
183- 325/
36 1-61 7

no

Electrical resistivity !!Q-cm 2.3* at 32°F 1.59 at 32°F
7.48 - 9.5 at 10- 20 at

700F 32- 700F
no

Electrical resistivity Q20 (Q mm2/ m) 0.022 0 .0 15 0 .095 no no

Thermal conductivity (Btu ft/hr ft2 of (All 18 1 at 2 12°F
24 2-244 at

83- 155
2 12°F

no no

Thermal conductivity (W/ m OK) 3 10 407 59 no no

Tensile strength at 20°C
131 / 19 151.7/22

344.7-655 .0/
17- 20/ 2.4-4.0

(N/mm2/ 103/b/ in2 ) 50-95 · no

Elasticity module (N/mm2 / 106/b/ in2 ) 82,736/ 12 75,842/ I I 200,000/29 no no

Corrosion resistance* * ++ + + ++ ++

Machninabil ity* * ++ ++ no -- no

Chemical resistance* * + + + ° ++

Owing to differences in purity in the case of elements and of composition in metals, the values can be considered only as appr oximat ions
The abili ties of the materia ls (to be treated, shaped, etc.) ore rated from ++ (excellent). + (good). 0 (fair). - [poor] to - - (very poo r) compared wi th each other
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5.3.3 Plastic/Rubber - Insulation, cable jacket and gasket material

Silicone
Properties PE (pE- HDI PTFE PFA FEP PEEK PPO rubber

Density (g/cm3 / lb/in3) 0.94/.034 2.16*/.078 2.15/.078 2.16*/.078 1.32/.048 1.06/.038 1.30*/ .047

Temperature range °C / of
- 50-70/ -200-250/ - 200-250/ - 100-200/ - 70-250/ - 30-140/ -1 17- 3 16/
- 58- 158 - 392-482 - 392-482 - 148-392 - 94-482 - 22-284 - 178-600

Melting at temperature °C / o f 127/ 262 327/621 305/579 na 334/633 230/446 na

Dielectric constant at 1 MHz 2.34 < 2.1 2.1 2.1 na 2.6 2.95-4.0

Electrical resistivity (Qcml > 1 1017 > 1 1018 > 1 1015 > 2 1018 5 1016 > 1 1016 > 1 1015_

1 1016

Tensile strength
26.5/3.84 27 .0/3.92 27.5/ 3. 99 20 .6/2.99 92 .0/ 13.34 60 .0*/ 8.70 10.34// .50

(N/ mm2 / 1031b/in21

Modulus of elasticity 1050*/
4 10/.059 350/.051 3650/.529 2500/.362(N/mm2 / 106Ib/in 2) . 1523 na na

Water resistance
(at 23°C / 73°F) * *

++ ++ + ++ - + ++

Flammability** + -- - - -- -- na 0

Chemical resistance ** + ++ ++ ++ ++ na 0

Owing to diff erences in putity in the case of elements and of composition in metals, the values can be considered only as ap proximations
The abil ities of the materia ls (to be treated, shaped, etc.] are rated from ++ (excellentj, + (goodl , 0 (fairj, - [poor] to - - (very poo r) compared w ith each other
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6.1.

REFERENCES

HUBER+SUHNERAG COMPANY PROFilE
HUBER+SUHNER AG was born in 1969 when the two Swiss companies R+E Huber of Pfaffikon ,
founded in 1882, and Suhner &Co . AG of Herisau, established in 1864, joined forces. Fueled by
the electrification of Sw itzerland , the cotton-insulated wires were soon augmen ted through our cable
bra id ing machines for coax ial cable manufacturing , enabling the business to grow continuously.
Helped by the dawn of telecommunicat ions, our company enjoyed significant growth.

HUBER+SUHNER's knowledge in rubbe r, plasticsand other syntheticsproved to be the basis for vari ­
ous future products. As the requirements and demand for higher frequenc ies increased, microwave
components and fibreoptics were added to the product rang e.

Today 's mainstay of our business is interconnection activi ties. HUBER+SUHNER is one of the top
three RF connector manufacturers in Europe . Through early adop tion of TQM principle s we have
been able to provi de our customers with reliable products, qu ick turn-around time and superior ser­
vice. We have become a reliable long term partner to many larg e and successful telecommunications
companies in almost every locatio n on the g lobe .

After having been in the RF Interconnection market for twenty-five years, we felt the need to provide
our business associates aro und the worl d wi th a booklet contai ning key information on coaxial con­
nectors.

HUBER+SUHN ER AG
Switzerla nd
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6.1.1. HUBER+SUHNER Connector and Cable Catalogues

... ,

Orde r No. 644 802

SUMNER
COAXiAL CONNECTOR
SERIES 4.1/9.5
._~~...~~-~

Order No. 648 812

152

SUHNER
SMT MICROMINIATURE
COAXIAL CONNECTORS
SERIESMMCX

Order No. 648 101

SUMNER
MlCROAX CONNECTORS
SERIES MCX 75 n

+ . .
,.1 " . "

Order No. 648 173

SUHNERCONNECTOR GUIDE



REFERENCES

SUMNER
CRIMPING SYSTEM
FOR RF CONNECTORS

11'<. ... '" -. ()<,_ '-.- '- ...

•

•

•

SUCOFORM· THE SENn.FLEXIBLE ­
~OAXIAL_CABU-FROM SUHNER-
HAO.'5l..I'N1I~_C-""CaioIo~ _ _ -.....-.

Order No. 310 985

Order No. 644 817

SUHNER CONNECTORGUIDE

Order No. 648 117

SUHNER
COAXIAL CABLES AND ASSEMBLIES
FOJLMOBILE BASE STATIONS
_'~..a..~e-:--~_'__

Order No. 648 110

153



SUHN ER-SUC OFEEDO
CORRUGATE D-COAXIAL- cABLI
PROD UCT RANGE

Order No. 648 113

SUHNER
S-EMI-itIGID-CABLE WITH
ALUi UNIUMJACKET -._-
~~~-~-.~

REFERENCES

SUHNER_IYI~'-LTIF~~_X.C~B~~.
~t._IIGc.n.-.l<'_~_s..._;"oJ

Order No. 648 167

(8)
SUHNER SUCOFLEXe

THE FLEXIBLE- --
MiCROWAVECABLE
_ ••!u".O(l.e-de-o.--.~_ ..-

•

•

•

Order No. 326 644 Order No. 644 801

Please order the catalogues and data sheets through our subsid iar ies and agents in your area.
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6.2. GLOSSARY

A

Accessories

Admittance

Amplitude

Anneal

Attenuation (al

Back Mounted

Backplane Panels

Bandwidth

BaseMaterial

Bayonet Coupling

Mechanical dev ices, such as cable clamps , added to connector shells
and other such hardware which is attachable to conne ctors to make up
the total connector configuration.

The measure of the ease with which an alternat ing current flows in a
circuit . The reciprocal of impeda nce.

The magni tude of var iation in a changing quantity from its zero value.
The word requires modification - as w ith ad jectives such as peak , maxi­
mum, rrns, etc. - to designate the specific ampl itude in question .

Relief of mechanical stress through heat and gradual coo ling . Anneal­
ing copper renders it less britt le.

The decrease of a signa l wi th the distance in the direction of propaga­
tion. Attenuation may be expressed as the sca lar ratio of the input
power to the output power, or as the ratio of the input signal vol tage to
the output signal voltage.

B

When a connector is mounted from the inside of a pane l or box w ith its
mounting flanges inside the equipment .

An interconnection panel into which PC cards or other panel s can be
plugge d. These pane ls come in a var iety of design s ranging from a PC
motherboard to ind ivid ual connectors mounted in a metal fra me. Panels
lend themselves to automated wi ring .

The range of frequencies for wh ich performance falls within specified
limits.

Me tal from which the connector, contact, or other piece part accessory
is made and on whi ch one or more metals or coatings may be depos­
ited .

A quick coupl ing device for plug and receptacle connectors , accom­
plished by rotation of a cam ope rating dev ice desig ned to bri ng the
connector halves toge ther.
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Bending Radius

BNC (Bayonet
NavyConnector)

BNO

BNT

Body

Bonded Assembly

Braid

Bulk Resistance

Butted Contoct

Capacitance
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M inimum static : The minimum perm issible rad ius for fixed insta llation of
the cable. This rad ius is used in cl imatic tests.
M in imum dy namic: The minimum permissib le rad ius for Rexi ble applica­
tions of the cable.

Co axia l connector with bayo net coupling mechanism. Ava ilable in 50
O hm and 75 O hm versions. Frequency range DC - 4 GHz (50 Ohm)
and 1 GHz (75 Oh m), respectively.

Connec tor wit h bayonet coup ling mechanism suitable far shielded ba l­
anced twin cables .

Connector w ith bayonet coupl ing mechanism suitable for triaxial
cables .

Main, or larg est, portion of a connector to w hich other portions are
attached.

A connector assembly in wh ich the comp onents are bonded together
using an electrically approp riate adhesive in a sandwich like structure
to provide sealing against moisture and other environment wh ich
weaken electrical insulating pro pert ies.

Woven w ire used as shielding for insulated wires and cables. Also, a
wove n fib rous protec tive outer cover ing over a condu ctor or cable.

The contact spring bulk resistance is dependent upon the condu ctivity of
the base materia l and its geome try. Measured in mQ (milli ohms).

When two cond uctors come together end-to-end, but do not overlap ,
w ith their axis in line.

c
A measure of the coupl ing between sign al conductors and from signal
to g round. The electrosta tic element that stores charge , influenced by
material , desig n and conductor spacing .
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Cellular
Polyethylene (SPE)

Conductivity

Connector

Contact Alignment

Contact Engaging &
Separating Force

Contact Plating

Contact Pressure

Contact Resistance

Contact Retention

Contact Spacing

Contact Spring

Corona

Polyethylene wit h homogeneously distributed individual gas cells in­
cluded [loom] . Used primarily as a dielectric mater ia l and has on ex­
tremely low dielectric constant and power factor (ton bl . Limited to op­
erat ion below + 70 °C.

A measure of the ab ili ty of a mater ia l to cond uct electric curren t under a
g iven electric field . Resistivity is the reciproc al of conductivity.

Used generally to describe all devices used to provi de rapid cannect/
disconnect service for electri cal coble and w ire termina tions.

Defines the overa ll rad ial ploy wh ich conta cts sholl have w ithin the
insert cavity so as to perm it self-olig nment of mated contacts. Sometimes
referred to as amou nt of contac t float .

Force needed to either engage or separate pins and socket contacts
when they are in and out of connector inserts. Values are generally
establ ished for maximum and minimum forces. Performanc e acceptance
levels vary by specif ication and /or customer requirements.

Depos ited metal applied to the basic con tact metal to provide the re­
qu ired contact-resistance and/or wear-resistance.

force whi ch mating surfaces exert against one another.

Con tact resistance is the electrical resistance ar ising from the contac t
force , geometry and surface prope rties of the contacting surfaces. Can
be div ided up into constrict ion (asperty spots) and film (contamination)
resistance.

Defines min imum axial load in eithe r direction which a contact must
wi thstand while rema ining firmly fixed in its normal position within on
insert.

The d istance between the centres of contacts w ithin on insert.

The spring placed inside the socket-type contact to force the pin into a
position of positive intimate contac t. Depend ing on the appl ica tio n,
various types are used, including leaf , cantilever, napk in ring , squirre l
cage, hyperbol ic and "Chinese finger" spr ings .

A luminous d ischarge due to ionization of the a ir surrounding a conduc­
tor caused by a voltage grodient exceed ing a certain critica l va lue.
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Corrosion

Coverage

Crimp

CrimpingDies

Crimping
Termination

Cross Talk

Cut-off Frequency
(fcl

dBm

Decibel, dB

Delay

Delay Une
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Corrosion products or films (thin layer) orise from an interaction be­
tween the non-noble por tions of the contact port and the environme nt,
e.g . through po res in noble platings . The contamination can cause un­
reliability, function failures and thereby high PIM. The spread ing of
contamination can be decreased by redundancy and w iping contacts.
W ipe is a requirement to brea k through oxide films ond d isplace con­
tamina tion.

A calculated percentage which defines the completeness w ith which a
bra id or shield covers the surface of the underlying component.

Act of compressing (deforming) a connector ferrule oro und a cab le in
order to make an electrical connection .

A term used to identify the shap ing tools that, w hen moved towa rd each
other, produ ce a certain desirable shape to the borrel of the terminal or
contoct that has been placed between them. Cr imp ing dies are often
referred to as die sets or as die inserts.

Connection in which a metal sleeve is secured to a conductor by me­
chan ically crimping the sleeve w ith plie rs, presses or crimp d ies.

Signal interference betwe en adjacent conductors caused by the pickup
of stray energy.

The frequency, above wh ich other than the TEM mode may occur. The
transmission characteristics of cab les above their cutoff frequenc y may
be unstable.

D

Relat ive measure of signal power where the reference 0 dBm is equal to
one milliwa tt. See also decibel.

A relative, dimensionless unit ca lculated as ten times the log ar ithm to
the base 10 of a power ratio .

The signa l delay caused by the connector capacitance or the propaga­
tio n delay. The propaga tion delay can be reduced by shortening con­
nector length .

A cab le that delays electrica l signals by a specified amount of time.
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Dielectric

Dielectric Constant
(Permittivity)

Dielectric Loss

Dielectric Strength

DIN 7/16

Dip Solder Terminol

Direct Current (DC)

Eccentricity

Elostomer

Electromognetic
Compatibility (EMC)

Elongation

In a coa xial ca ble, the insulation between inner an d outer co nduc tor. It
signi fica ntly influences the electrica l characterist ics such as imp eda nce,
capacitan ce, and velo city of prop agation.

Basic electrica l property of a material that descr ibes its behaviour in an
electric field . The dielectric constant of the dielectr ic is the most impor­
tant de sign pa rame ter for coaxial ca bles and determines d imensions,
losses and propagation cha racter istics.

In a coax ial ca ble, the losses caused by the transformat ion of electro­
mag netic energy into heat with in the dielectric material.

The vol tag e w hich an insula ting materia l can withstand befo re brea k­
do w n occurs.

50 n coax ial co nnector wi th screw type coupl ing mechan ism. Suitable
for medium to high po wer applica tions. Freq uency range
DC - 7.5 GHz.

The terminal s on a connector which are inserted into holes in the PC
board and then soldered in place .

An electric current w hich flows in on ly one d irection.

E

A measure of a cond uctor 's locatio n w ith respect to the ci rcular cross
section of the insulation . Expressed as a percentage of centre d isp lace­
ment of one circle withi n the other.

A materia l whic h at roo m temper ature stretches under stress to a t lea st
tw ice its length and snaps back to origi na l length upon relea se of stress.

EMC de scribes the ab ility of an electrica l system to avoid electroma g­
netic interference w ith the environment.

The fract ional increase in length of a material under tension.
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ETFE (Ethylenetetra­
fluoraethylene)

Extrusion

Farad

Feed-through

FEP (Fluorinated
Ethylene Propylene)

Ferrule

Flame Resistance

Flange

FrontMounted

Groove
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ETFE polym ers are tough, high temperature resistant thermoplastics w ith
excellent characteristics: non-ageing properties, chemica l inertness, very
good dielectric properties, wea ther resistance and low moisture absorp­
tion .

M ethod of forcing thermoplastic, rubber or elastomer mater ial under
elevated tempera ture and pressure through a di e to apply an insulation
or a jacket to a cable.

F

Unit of capa citance. It ind icates the charge per potentia l difference.

A connector or terminal block, usually having double-ended termina ls
w hich permi t simple distribut ion and bussing of electrica l ci rcuits. A lso
used to describe a bushing in a wa ll or bulkhead separating compar t­
ments at different pressure levels, wi th terminations on both sides.

FEP is similar to PTFE but is easier to process. Heat resistance and chern­
ical inertness are outstanding .

A short tube. Used to make solderless connect ions to shielded or coax­
ial cab le (e.g . as in crirnp inq].

Property of a material to cease combustion once the heating flame is
removed .

A pro jection extend ing from, or around the periphery of, 0 connector
and provided wit h holes to permi t mounting the connector to a pane l, or
to another mating connector half.

A connector is front mounted when it is attached to the outside or mot­
ing side of a panel. A frant mounted connector can only be installed or
removed from the outside of the equ ipment.

G

Slot or cav ity in a connector w hich bears d irectly on the cable . Also, the
depression in a crimping die w hich holds the connector during crimp­
ing .
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Guide Pin

HeatShock

HermeticSeal

Hermaphroditic
Connector

Hermaphroditic
Contacts

Hermetic Seal

IEC

IEC 331

IEC 332-1 ,2,3

IEEE

A pin or rod extending beyond the mating face of a two-piece connec­
tor and designed to guide the closing or assembly of the connector to
assure proper mating of contacts, and to prevent damage to these con­
tacts caused by mismating of the connector halves.

H

Test to determine the stabil ity of a material when exposed to a sudden
high temperature chang e for a short period of time.

Hermet ically sea led connecto rs are usually multiple contact connectors
wh ere the con tacts are bonded to the connector by glass or other mate­
ria ls and permits maximum leakage rate of gas through the connector of
1.0 micron ft./hr. at one atmosphere pressure for special applications.

A connector in w hich both mating members are exac tly alike at their
mating face . There are no male or female members, but provis ions have
been made to mainta in correct polarity, hot lead protect ion, sealing and
coupli ng .

Co ntacts in w hich both mating elements are prec isely al ike at their mat­
ing face.

Hermetically sealed connectors are usually multiple contact connectors
w here the contacts are bonded to the connector by glass or other mate­
rials and permit a maximum leakage rate of gas through the connector
of 1.0 micron ft/hr at one atmosp here pressure for specia l applica tions.
Ab il ity of a connector to remai n assembled to a cable when under ten­
sion .

Abbreviat ion for International Electrotechnicol Comm issio n.

Hor izontal flame test.

Vertica l fla me tests.

Abbrevia tion for Institute of Electrical and Electronics Engineers.
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1M/ PIM (Passive
Intermodulation)

Impedance
(characteristic, Zo)

Inductance

Insert

Insertion Loss

Insulation

Insulation
Resistance

Interconnection

Interface

Interference

ISO

Jacket
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The gene ra tion of new (and in the case of cable assemb lies undesir­
ab le) signa ls (intermodulation products) at the non-linear characteristics
of tra nsmission elements .

Characteristic property of a transmission li ne describ ing the rat ia be­
tween electric and magnetic fields .

The property of a circuit or circuit element that opposes a change in
current flow, thus ca using current cha nge s to lag beh ind vol tage
cha nges . It is measured in Henry s.

That part wh ich holds the contacts in thei r proper ar rangement and
electrica lly insulates them from each othe r and from the shell.

The loss in load power due to the insertion of a camponent, connector
or device at some point in a tran smissions system. Generally expres sed
in decibe ls as the rat io of the power received at the load befo re inser­
tion o f the appara tus, to the powe r rece ived at the load after insertion.

A mate rial havi ng high resistance to the flow of electric current. Often
ca lled a d ielectric in RF cable.

The electrica l resistance of the insuloting materi al (determined under
spec if ied condi tions] between any pa ir of conta cts, conductors, or
grounding dev ice in various combinations .

Mechanica lly join ing assemb lies together to complete electrica l circu its.

The two surFaces on the contact side of bo th ha lves of a multiple-eontact
connector wh ich face each other whe n the connector is assembled .

An electrical or electromagnetic d isturbance that ca uses undesirable
response in elect ronic equ ipment.

A bbreviation for International Standards Organization.

J

An outer non-metall ic protective cover applied over an insulated w ire or

cable.
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LAN

Levels of
Interconnection

Low Loss Dielectric

Low Noise Cable

LSOH

MCX (M1~ROAXl

Material Properties

l

Abbreviation for Local Area Network. A data communications network
confined to a limited geographic area (up to 6 miles or abo ut 10 kilo­
meters).

Device to board or chassis. The connect ion po int between components
(tubes, transistors, IC poc kagesl and the PC board or chassis.
Board to motherboard or boc kplane . The connec tion po int between PC
boards ar sub-circu it modu les and the motherboard or a backplane
board .
Backplane wiring. Conne ctions between levels to each other and to
other sub-circu its.
Input/output. Con nections for power and signa ls into and out of a sys­
tem'-Connections may be between subassemblies with in the same enclo­
sure or between ind ividual units. (See other explanations in chap ter 2
"Connection Types") .

An insulating mater ial that has a relatively low dielectr ic loss, such as
po lyethylene or Teflon .

Cable specia lly constructed to avo id spurious electr ical disturbances
caused by mecha nical movements.

Abbreviat ion for Low Smake Zero Halogene.

M

Micro coa xial connector w ith snap-on coupl ing mechan ism. Available in
50 nand 75 n versions. Frequency range DC - 6 GHz.

Critical facto rs of connector design and performance are influenced by
mater ia l properties:
Mechan ical : • Modulus of elastic ity

• Dimensions and tolerances, contact forces
• Yield strength/hardness
• Treatment, des ign stress
• Conductivity/Resistivity
• Me lting temperature
• Stress relaxation
• Corrosion resistance

• Density
• Ava ilabi lity
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MHV H4 (Miniature
HighVoltage)

Microstrip

MIL

Mismatch, Connector
Impedance

MMCX

Moisture Resistance

Motherboard

N (NavyConnector)

Noise

PA
(Polyamide/ 'Nylon')

PE (Polyethylene)
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Coa xia l connector with bayonet coup ling mechanism. Working voltage
2.2 kV DC.

A type of transmission line conf iguration wh ich consists of a conductor
over a para llel ground plane, and separated by a d ielectric.

Abbreviation for military (e.g. as in M ilitary Standards) .

Termina l or connector having a different impedance than that for wh ich
the circuit ar cable is designed.

M iniature Microax connector wi th sna~n coupl ing mechanism. Avail ­
abl e in 50 nand 75 n versions. Frequency range DC-6 GHz.

The ability of a material to resist ab sorbing moisture from the ai r or
when immersed in water.

A printed board used for interconnecting arrays of plug-in electronic
mod ules.

N

Coa xial connector with screw type coupling mechan ism. Ava ilabl e in
50 Oh m and 75 Oh m versions. Frequency range DC - 18 GHz
(50 Ohm) and 1 GHz (75 Ohm ). respectively.

Rando m electrical signals, generated by circuit components or by natu­
ral d isturbances.

p

A resin used primarily as a jacket material having superior abras ion
resistance, resistance to aliphatic solvents, but relatively high moisture
absorption . Temperature _400 to 80 0C. Is inflammable.

A resin compounded with various additives for use as an insulation,
dielectric or jacket material. This materia l is light, tough, permanently
flex ible, has good resistance to chemicals, non-oxid iz ing acids and
aromatic solvents, a low moisture absorption, and good tensile and tear
strength. Temperature range _400 to 70 0C. In add ition , it has a low
die lectric constant and dissipation factor.

SUHNER CONNECTORGUIDE



REFERENCES

Permeability
(magnetic)

Permittivity Relative

PFA
(Perfluoraalkaxy)

Phase Shift

Phase Stability

Pin Contact

Plating Porosity

Plating Process

Plug

PP (Polypropylene)

Press-Fit Contact

The measure of how much better a material is than air as a path for
magnetic lines of force. Air is assumed to have a permeabi lity of 1.

Synonym term for rela tive dielectric constant Cr.

Perfluoroalkoxy resins combine the processing ease of conventional
thermoplastics with properties similar to PTFE .

Change in phase of a vo ltage or current after passing through a circuit
or cable .

Varia tion of the electrica l length of a cable as a function of - for exorn­
pie - the temperature or mechan ical stressing such as bend ing or tor­
sion .

A male type contact, usually designed to mate with a socket or female
contact. It is normally connected to the "dead" side of a circuit.

Porosity is small holes in the plat ing, wh ich depends on the plating
thickness and parameters as well as substrate defects . The pores may
be sites at wh ich corros ion can occur.

Depositi ng mater ial on another surface . Common processes are electro­
plating , electroless plating, hot dipping and claddi ng . Also ca lled coat­
ing process.

The par t of the two mating halves of a connec tor which is free to move
then not fastened to the other mating half . The plug is usually though t of
as the male port ion of the connector. This is not always the case. The
plug may have female contacts if it is the " free to move" member.

A polymer similar to PE, but stiffer and harder.

An electrical contact wh ich can be pressed into a hole in an insulator,
pr inted board (with or wit hout plated -through holes), or a metal plate .
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Printed Circuit
Board (PCB)

PTFE (Polytetra­
f1uoroethylene)

Pull Out

PUR (Polyurethane)

PVC
(Polyvinylchloride)

QLA

Quick Disconnect

Rack and Panel
Connectors

Range
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The general term of completely processed pr inted ci rcuit or printed w ir­
ing configurations. It includes single, double, and mult ilayer boards,
both rigid and flexible.

The therma lly most stab le and chemica lly most resistant carbonaceous
compound . It is unaffected by sunlig ht, moisture, and virtually all chemi­
ca ls. Temperature range is - 200 °C to +260 0C. Electrica l properties

are very constant over temperature and a w ide range of frequenc ies.

Force needed to separate a cable from a connector by bull ing them
apart.

Thermoplastic polymer used for cables as an extruded jacket. Exh ib its
extreme toug hness and abrasion resistance , flexible to below -50°C.

Plastic ised vinyl resin used as an insulation ar jacket mater ial which
exh ibits the property of high electrica l resistiv ity, good dielectric
strength , exce llent mechan ica l toughness , super iar resistance against
oxygen, ozone, most common ac ids, alkal ies and chem icals . Flame-re­
sistance, oil-resis tance and the temperature range (- 55° to 105 °C) are
depending on the compound .

Q

50 Q subminiature Connectar w ith qu ick latch coupling mechanism.

A type of connector shell which permits rapid loc king and unlock ing of
two con nector halves .

R

A rack and pan el connector is one which connects the inside back end
of the cabinet [rock] w ith the drawer conta ining the equ ipment w hen it
is fully inserted.

Trad emark of HU BER+SUHNERAG for crosslinked, flame retardant,
heat resistant and halogenfree insula tion and jacket materials .

Number of sizes of connectars or cables of a particular type .
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Receptacle

Reflection

Reflection Loss

RG/U

Screening
Effectiveness

Self-Align

Semi-rigid

Shield

Shielding

Shock (mechanical)

Usually the fixed or stationary half of a two-piece multip le contact con­
nector. A lso the connec tor half usuall y mounted on a panel and contain­
ing socket contac ts.

See VSWR.

The part of a sig nal which is lost due to reflection of power at a line
d iscontinuity.

Symbo l used to desig nate coa xial cabl es that are made to Government
Spec ificat ion (e.g ., RG58 /U; in this designation the "R" means radio
frequency, the "G " means Government, the "5 8" is the number as­
signed to the governm ent ap proval , and the " U" means it is an univer­
sal specif icat ion).

5

Ratio of the power fed into a coa xial ca ble to the power transmitted by
the cable throug h the outer conductor.

Design of two mating parts so that they wi ll engage in the proper rela­
tive posi tion .

A cable contai ning a flexible inner core and a relative ly inflex ib le
sheathing .

(1) A conducting housing or screen that substantially reduces the effect
of electric or mag netic field s on one side thereo f, upon devices or cir­
cuits on the other side. Ca ble shields may be solid, braided , or taped
(longi tud ina lly or spi ra lly).
(2) In cables, a metallic layer placed aro und a conductor or g roup of
conductors to prevent electrostatic or electromagnetic interference be­
twee n the enclosed w ires and external Field s.

The metal sleeving surroundin g one or more of the conductors, in a w ire
circuit to prevent interference, interaction or current leakage .

(1) An abrupt impa ct appl ied to a stationary object.
(2) An ab rupt or non-periodic change in position, choracte rized by
suddenness, and by the development of substantia l internal forces.
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SHV
(Safe HighVoltage)

Skin Effect

SMA
(Subminiature A)

5MB
(Subminiature B)

SMC
(Subminiature C)

SMS

Snap-on

Solder Process

Spring-Finger
Action

Stripline

SUCOPLATE®
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Coa xial cannector w ith bayonet coupling mechanism . Working voltage
5 kV DC.

The phenomenon wherein the depth of penetration of electric currents
into a conductor dec reases as the frequency of the current increases.

50 Q - Subminiature coa xia l connector w ith screw type coupling mech­
anism. Frequen cy range DC - 18 GHz.

Subminiature coa xial connector with snap-on coupling mechan ism.
Frequency range DC - 4 GHz.

Subminiature coa xial connector wi th screw type coupling mechanism.
Frequency range DC - 10 GHz .

Submin iatu re coa xial connector with slide-on coupling mechanism . Fre­
quency range DC - 4 GHz.

Used to descr ibe the easy removal or assembly of one part to another.
A connect or containing socket contacts into w hich a plug connector
having male contacts is inserted .

A connector mechan ica lly and electrically connects to a PCB or other
substrate via a solder process. Rapid heati ng and coo ling is recom­
mendable, as flux degrade, oxidation, metallurg ica l changes and inter­
metallic compound formation w ill occur due to pro longed heating .
Various types of solder processes in orde r of increased pro cess tempera­
tures: manual soldering , wave solder, intrusive reflow, vap or pha se
reflow and Infra-Red (IR) reflow.

Design of a contact , as used in a printed circu it connector or a socket
contact, permitti ng easy, stress-free spring act ion to prov ide contact
pressure and/or retention .

A type of transmission line con figur ation w hich consists of a sing le nar­
row conducto r par a llel and equidistant to two paralle l gro und planes .

A plati ng material made out of a combi nation of copper, tin and zinc.
Good corrosio n and abrasio n resistance. Non magnetic . Registered
mark of HUBER+SUHNER AG .
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T
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Thermal Shock

TNC (Threaded
Navy Connector)

Transmission line

Transmission Loss

Triaxial Cable

TwinaxialCable

UHF

Velocity of
Propagation

VSWR

The effect of heat or co ld ap plied at such a rage that non-unifo rm ther­
mal expans ion or contraction occurs with in a g iven material or com­
bina tion material s. The effect can cause inserts and other insulation
materi als to pull away from metal pa rts.

Coa xia l connector w ith screw type coupling mechan ism. Available in
50 O hm and 75 O hm versions. Freque ncy range DC - 11 GHz
(50 O hm) and DC - 1 GH z (75 Ohm) , respectively.

A signakarrying circu it composed of cond uctors and dielectric materia l
wit h controlled electrica l characteri stics used for the transmission of
hiqh-frequency of nar row-pulse type signals.

The decrease or loss in power during transmission of energy from one
point to ano ther. Usually expressed in decibels .

A cable consisting of one centre conductor and two outer conce ntric
condu ctors (wi th an insulati ng layer separating them). Notable for in­
creased shieldi ng efficiency.

Two conductors that are insulated from one ano ther, twisted together
and surrounded by a common shield .

u
Coa xia l connector wi th screw type coupling mechanism. Non-defined
impedance. Frequen cy rang e DC - 200 M Hz .

v

The speed of an electrica l signal down a length of cab le compared to
speed in free space exp ressed as a percentage.

Abbreviat ion for Voltage Standing Wave Ratio. The ratio of the maxi­
mum to minimum vol tage set up along a transmission by reflections.
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WaveLength

Wiping Action

WireWrapping
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w
The d istance, measured in the direct ion of propagation, of a repetitive
electrical pulse or waveform between two successive points that are
characterised by the same phase of vibration .

The act ion wh ich occurs when contacts are mated w ith a slidi ng act ion .
Wiping has the effect of removing small amoun ts of contam ination from
the contact surfaces, thus establish ing better conductivity.

Method of connecting a solid wire to a square, rectangular or V-shaped
terminal by tightly wrapping or winding it w ith a specia l automat ic or
hand operated tool.
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ab rasion resistant 51 centre contact 66
ab solute phase 11 3 chara cteristic Impedance 16,33
acids 46 chassis 64
active intermodulation 37 clamp ing 79,80
adh esion 49 cleanin g 135
alloy base metal 46 climati c changes 62
alloys 45 climatic classes 62
aluminium 47 coaxia l connector components 64
ammo nia 46 cold weld ing 44,80
anti -odhesive 53 compliant pin 42
assembly instructions 84 conductivity of the inner conductor 32
assembly tools and instructions 83 conductivity of the outer conductor 32
attachment of cable inner condu ctor 78 connection types 63
attach ment techniques 78 connector body 67
attachment to the print board 82 con nector pa irs 11 1
attachment 71,78 contact area 41
attenua tion 31 contact cap tivat ion design 72
attenuation loss 12,32 contact captivation 61,70
attenuation loss components 32 contact force 42,43
axial 70 contact geometry 42,43

B
contact materia ls and plastics 41
contact pre ssure 67

band designat ions 10 contact resistance 42,43 ,60
barb(s) 72 contam inan t 42
base materia ls 45 continu ity 65
bayonet coupl ing 76 contr ibutions to intermodulation products 38
bery ll ium copper alloy 46 copper conductors 36
bra ss 47 copper 46
braz ing 50 copper-tin-phosphorus a lloy 47
bulk resistance 42,43 corrosion resistance 42
bulkhead mounted 81 corrosion 62
butted contact 66,68,69 costs 65

C
coupling mechanisms 76
coupling nut 76

cable capacitance 16,17 coupli ng nut torque 61
cable connectors 70 cri mp 44
cab le inductance 16,17 crimp ferrule 80
cable retention force 61 cr imped 78
calibrated crimp dies 80 cri mpi ng 42,79
calibrat ion 11 6,117 crossed knurls 72
ca libration sets 84 current capacity 42,44
caoutchouc 54 current density 35
capaci tive 9 currents 14
capture mechanism 70 cut-off frequency 12,18
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D
device under test
d ielectr ic
dielectric bead
d ielectric constan t

d ielectric losses
dielectric materia l
d iffusion
diffusion barrier
d imple-captivation
discoloration
discontinuit ies
d iscon tinuity
dise ngagement force
displacements
dos and do n'ts
d ucti lity
dura b il ity
DUT

E
edge-mount
EHF
electr ic
electric field
electrica l conductivity
elect rical performan ce
electroche mical potential
electrolytically deposited metals
elec tromagnetic field
engage ment force
environmental performance

epoxy
error contributors
external connections
external element

F
feeder transmi ssion line
fema le
fiel d strength
fla me resistance
for ward-tra nsmission coefficient
fou r-pa ram eter network
four ier transfo rmat ion

frequency
frequency domain
frequency ranges
fron tal contact
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114 function a nd performance 59
68

G69
68 ga skets 54
12 ga ting 125
21 gauging (measuring) 135
49 gold 49
50

H72
52 halogen free plas tics 52

22,30,31 hand ling and storage 135
23,24 heavy-duty plast ic 53

61 high frequency 9
70 high mac hinabil ity 47

135 homogeneity 65
46 hot dipping 5 1
6 1

114
idea l 26
Idea l line 25,27

83 Ideal or homoge neou s line 24
10 ideal Vs rea l pe rformance 59
12 impedance 12,15,16,17,18,60
13 incident vo ltages 14
49 inducta nces 15
59 inductive pin gap s 11 7
51 induc tive resista nces 9
48 inflexible 54
12 inner 12
61 inner conductor 66
62 inner co nductor ca ptivat ion 73
72 input-reflection coe fficie nt 11 3,1 14

116 insertion and extraction forces 42,43
63 insertion loss 60,116,118
78 insulati on resistance 42,44,60

insulator 68
insulato r captiv ati on 74

129 intermodulation (PIM) products 37
115 intern a l 63

13,17 intern a lly stepped sections 72
52

J113,115
112 jac k 115
125

19,20,60 K
126 kink ing 120

9
67
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LF 10 passive intermadulatian 37
lang itudina l 70 passive intermodulation level IPIM) 116,128
lossless line 16 passive intermodulation products 128
Iow-intermodulation desig n 129 PCB 63
lubricant 49 PE 52

M
PEEK 53
permeability 51

magnetic field 12,13 PFA 53
male connector 11 5 phase alignmen t 113
malleab le 50 phase shift 23,24
mated pa ir 76 phosphorus bro nze 47
materia l resistivi ties 33 pice-seconds 125
mater ia ls 41 piece-part 47,65
max. frequency of the coa xia l line 60 PIM behav iour 134
measurement theory and methods 111 pin depth 117
measurements of reflections and plat ing 48
transmission 118 plating flash 46,51
mechan ical performance 61 plug 115
MF 10 plugged 78
microstr ip line 70 po lyethylene (PE) 52
miniatur isation 62 polyphenylene oxide (PPO) 54
mismatch 24 polytetrafluorethylene (PTFE) 53
mismatched line 24 poor machinability 47
mismatches 11 7,125 po rosity 49
mob ile communication 128,129 power ratio to car riers 129
moisture 62 power transmitters 128

N
PPO 54
Pract ical Measurements 115

nickel 50 precision ada ptors 117
nickel free 51 precision interface design 11 7
non-linear ity 128 press-Fit 44
non-magnet ic 51 pressed-in 72
not achieved 61 pressing 82

0
pr int socket 83
products 38

one and twe-port network methods 111 protective coat ing 48
one-por t network 115,125 PTFE 53
open circuit 25,27 Q
open-short-Ioad 118
operating frequency 60 qua lity 61,65,77,83
OSL 11 8

Router conductor 12,67
outer conductor captivation 74 radia lly bonded 66
outer contact 67 rad ia lly contacted 67
output-reflection coeffic ient 113,114 reactances 15
overlap (con ica l) 69 receiver sensitivity 130
overlap (cylindrica l) 69 reference level 120
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reflect ion coeff icient 25 ,26,114,115 surface oxida tion 48

reflection factor 118 surface smoothness 4 1,42
relat ive phase 113 surface-mount 83
reliabil ity 42,65,77 surroundings 62
repeatability 49,84 swagings 72
repeatable attachment 84

Trequirements 46
resilient contacts 47 TEM 12
resistance 9,1 5 temperature 42
retain ing direction 73 temperature range 62
return loss RL 26,115,118 tensile strength 46
reverse-transmiss ion coeffi cient 113 ,114 terminations 117
RF leakage 60 test set-up 117
ring wit h cams 72 tests and measurements 111
rotational movements 70 the crimp 79

5
thermostabili ty 53
threaded connection 76

s-parameters (scattering parameters) 112,113 through-connection 120

salt water 62 time doma in 125

screw-snap-connection 76 tin-lead pla ting 5 1

SHF 10 transmission coeff icient 118

shield ing 33 two-port networ k 11 1,120

short 23, 25
Ushort circuit 22 ,2 7

shoulder or step 72 UHF 10
signal loss 113

Vsignal ratios 38
signal-to-noise ratio 131 upper frequency 12
silicone rubber 54 vector network analyser 111
silver 50 velocity of light 16,20
skin depth 36 velocity of propagation 12,20,21
skin effect 12,35 VHF 10
slide-on coupling 77 visual inspection 135
slotted (resilient) contact 68 VLF 10
snap-on coupling 77 VSWR 60,115,1 16,1 18
solder flux 78
salderabi lity 44 W
soldered 78 wa ter ab sorption 52
soldering 42,78,79,80,82 wavelength 19,20,1 13
spring characteristics 46 wear deter ioration 46
spring properties 44 wear resistance 49
stainless steel 47 wear-through 49
straight knurls 72 worst case 118
stress relaxat ion 46
strip line 70 Z
SUCOPLATE@ 51 zero span 132
surface hardness 42
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