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INTERNATIONAL ELECTROTECHNICAL COMMISSION

CONNECTORS FOR ELECTRONIC EQUIPMENT -

Part 3-109: Detail specification for two-part cable to board connector
for high speed data application in a harsh industrial environment —

A
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1)

2)

3)

4)

Protection rate IP67 according to IEC 60529

FOREWORD

The text of this PAS is based on the
following document: publicatign py the
Y

s indicated in
he followi ggoc ment:

Draft PAS \\\ \ é\eort oy)voting
X

\48B/1121/RVD

3 worldwide organization for standardization compris|ng
Natignal Committees). The object of the IEC is to prompte
BrniNg standardization in the electrical and electronic fields. [To
e IEC publishes International Standards. Their preparation| is
ational Committee interested in the subject dealt with may
, governmental and non-governmental organizations liais|ng

preparation. The IEC collaborates closely with the Internatiohal
h accordance with conditions determined by agreement between the

of standards;-technicagt specifications, technical reports or guides and they are accepted by the Natiopal
Committées in that sense.

In order to promote international unification, IEC National Committees undertake to apply IEC Internatiopal
Standards transparently to the maximum extent possible in their national and regional standards. Any

divefgence between the IEC Standard and the corresponding national or regional standard shall be clegrly

5)

6)

maitcdied I tne fatier.

The IEC provides no marking procedure to indicate its approval and cannot be rendered responsible for any
equipment declared to be in conformity with one of its standards.

Attention is drawn to the possibility that some of the elements of this International Standard may be the subject
of patent rights. The IEC shall not be held responsible for identifying any or all such patent rights.
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1 General

1.1  Scope

This PAS establishes an uniform specification and type testing requirements for 4- to 10-pole
connectors, containing 2 or 4 balanced shielded pairs for frequencies up to 600 MHz

and optional 2 unshielded contacts for lower frequencies or power line interconnections.

The mounting footprint of the fixed connector to a cabinet is compatible to a widely used industrial
standard connector for industrial power and signal interconnection (Han 3A).

The purpose of this connector is to provide solutions for increasing data rates and to
establish highest reliability interconnection under harsh environmental conditions for high

A4
—

1J00BaseT applications.

secured.

1.8 Ratings and charasteris{ics

Rdm@\
4

N aérial g up\ \’Mon degree Rated voltage (V)
A< N,I /b \/ 1 400
NN 2 63
NN 3 25
NORE

lation between creepage distances, pollution degree and
roups versus voltages r.m.s.

Table 1 — Rated voltage

All contacts:
2-Aat70“Capptiedomreachrcontactof the—shietded
balanced pair and the unshielded contacts

Current rating:

Insulation resistance: 108 MQ min.

Shielding: to achieve high speed performance as detailed in 4.2.6
to 4.2.14.

Degree of Protection: IP67 in accordance with IEC 60529.
PL1: 55/125/56

PL2: 55/125/21
PL3: 25/100/00

Climatic category:
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1.4 Normative references

The following normative documents contain provisions which, through reference in this text,
constitute provisions of this Public Available Standard. For dated references, subsequent
amendments to, or revisions of, any of these publications do not apply. However, parties to
agreements based on this International Standard are encouraged to investigate the possibility
of applying the most recent editions of the normative documents indicated below. For undated
references, the latest edition of the normative document referred to applies. Members of IEC
and ISO maintain registers of currently valid International Standards.

IEC 60068-1:1988, Environmental testing — Part 1: General and guidance

IEC 60068-1-am1:1992, Amendment No.1

IEIC 60352-6:1997, Solderless connections - Part 6: Insulation piercing connections — Genenal
reguirements, test methods and practical guidance

IEIC 60512-1:1994, Electromechanical components for electronic equip
procedures and measuring methods — Part 1: General

ent — Basicytesting

IEIC 60512-2:1985, Electromechanical components for electronic equiph
prpcedures and measuring methods — Part 2: General examinatjon
cdntact resistance tests, insulation tests and voltage stress tes

IEIC 60512-2-am1:1994, Amendment No.1

IEIC 60512-3:1976, Electromechanical components for€
prpcedures and measuring methods — Part 3: Curre

IEIC 60512-4:1976, Electromechanical compone
prpcedures and measuring methods — Pa

IEIC 60512-5:1992, Electromechanical sompQne
prpcedures and measuring methods — Paxt 5:
(fixed components), endurance tests afid overload

IEIC 60512-6:1984, Electromn
prpcedures and measuring m

IEIC 60512-7:1993, Ele
prpcedures and measyringA

IEIC 60512-8:19
prpcedures and
tepts on contacts

IEC 60512-9:1992 ‘ ical components for electronic equipment; basic testing
prpcedures g asuNi kods — Part 9: Miscellaneous tests

IEIC 6051 ! smechanical components for electronic equipment - Basic
tepting proce 3 asuring methods — Part 11: Climatic tests — Section 1: Test 11a:
Chmatic segquen

IEIC 60512-11-1% B, Electromechanical components for electronic equipment - Basic
testing procedures and measuring methods — Part 11: Climatic tests — Section 14: Test 11p
Flpbwing single gas corrosion test

IE

Principles, requ1rements and tests

ISO 1302: 1992, Technical drawings — Method of indicating surface texture
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Marking of the connector and the package shall be in accordance with 2.6 of IEC 61076-1.

2.1

IEC type designation

Connectors, according to this PAS shall be designated by the following system:

IEC PAS 61076-3-109

L{NJN]JN

N

N | N N

Number of Detail
specification

Letter denoting

connector type

According
table 2

oo w>

er, dehoting

Latt
b pr{;?o&Qance lev

12

1\\2§8Q opﬁations

\KSO\Qeeétions

S

perations

N

\;7 umber denoting the variant
O 01 Panel mount
Number of contacts < 02 Board mounted
004 03 Metal housing witH latch
006 ~ \ 04 Metal housing w/o|latch
008 \/> 05 Plastic housing
06 Unshielded
010 < D>
] \\/ Number denoting the contact finish
Letter denoting type of contact \ -
N 5 0 | not applicable
Female (Spring) Q > \|: 1 gold alloy
N4 Y
Male A 2 | silver alloy
<\ tin allov
Letter denoting pe f\
termination
/\ N Letter denoting type qf conductor
or cable design.
Insulation\pierci
Insulation dis D A Tinsel wire
Soldering S B | Stranded wire
C Solid wire (for insulation displacemept
only - under development)
D Tinsel or stranded wire
E Stranded or solid wire
NOTE - "L" stands for letter F | Tinsel, stranded or solid wire

"N" stands for number
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3 Dimensional information
3.1 General

All dimensions are in millimetres. The shape of the connector may deviate from those given
the following drawings as long as the specified dimensions are maintained.

3.2 Isometric view and common feature

mounting with housing, locking
lever and appropriate sealing to
achieve protection class IP67.

@metrc view of fixed and free connector.

n
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3.3 Mating information

The design of the housing, the shielding and the insulator body prevent mismating. The
housing and the shielding mate before the contacts. The connector is fully mated when the
locking lever on the free connector is engaged with the locking pins of the fixed connector.

3.31 Contact arrangement for fixed and free connector

free connector fixed connector
unshielded unshielded
contacts contacts
parr . pair
shielded centre position shielded centre posi
conlacts contacts  spig|ded
pair parr contacts
Pas (n)+(n-1) Pos 2 + 1 ;
\ / pair ~
\ 4N
N N AN
L\%
Figs gement, mating side of free and fixed connectors.
Table 2 — Contact arrangement
Connector Numbers of | Positon of shielded Position of un-
type contacts contacts shielded contacts
n
A 4 1,2,3,4
B 6 1,2,5,6 3,4
C 8 1,2,3..8
D 10 1,2,3,4,7..10 5,6
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3.4 Fixed connector

3.4.1 Dimensions

shell

3,44 0,08
0,74 0,15

8,5%0,03
14,35

11,4 max

ds =L REF
d e s 8,25 min
cga 2,9210,1
.- 4,510,07
ol O Vs 1 13101
PB t===] NIl kA
shielding
\\\
L. N
N
V%

0 ring
radial

30,5 max

seal

Figure 3 — Fixed connector with housing, shielding, insulation body and contacts.
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5,6-5,1

L,840,05

4,6 0,05

Copyright © 2001, IEC

1,840,05 —
1 =10.13]A

LAJiLR)

N

Printed board anth
connector

Fi

COWH fixed
N

Locking lever

NOTE Dimension a to e see table 3

gure-3 (cont.) — Fixed connector with housing, shielding, insulation body and contac

Table 3 — Dimensions fixed connector

Dimensions

Connector | Number of
type contacts a b ¢ d da* e
A 4 3,3 21,0 18,3 22,2 21,9 14,65
B 6 6,2 26,8 24,1 28 27,7 20,45
C 8 3,3/9,9 | 34,2 31,5 35,4 35,1 27,85
D 10 6,6/12,8 | 40,0 37,3 41,2 40,9 33,65
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3.4.2

Terminations

The preferred termination design for the fixed connector is surface mountable solder
terminations for solder past reflow process.

3.5
3.5.1

Free connector

Dimensions

3.6 max !

1846 |

REF| o

5,5

20,8 max

R
S
| 3.25 max Q\/

-_ )

14,65

P
/\?\L\Qin \\\ 10,45 min

Q&hﬁ'\/ﬁv

—__

I 3 7510, shielding
e contact point

P —

Figure 4 — Free connector with housing, shielding, insulation body and contacts

NOTE Dimension a, f, g, h and h* see table 4
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A-A REF

shielded 3,63:0,12
contacts pair

3,8:0,12

N
N
g
P
P
3

30,14

Q N 3,63140,12

premated unshjelde

contacts pair ,840,18 N\

9,

I / L1201
|

[~

6,110,16
8,30,05

A
1,7710,05

9,4 max

Figure 4 (cont.) — Free connector with housing, shielding, insulation body and contacts


https://iecnorm.com/api/?name=26395905dd8941e119f1f2353b006155

Copyright © 2001, IEC

/
o

[LIA

0 —|

N

7
_\ﬂ/_/ -2 e e

{I -

(

Flgure 4 (cont.) — Free connector with housing, shielding, insulation body and contacts

Table 4 — Dimensions free connector

Connector | Number of Dimensions _
type contacts a f 9 h h

A 4 3,3 14,95 18,9 21,2 29,3

B 6 6,2 20,75 24,7 27,0 35,1

C 8 3,3/ 28,15 32,1 34,4 42,5
9,9

D 10 6,6 / 33,95 37,9 40,2 48,3
12,8
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3.5.2 Terminations

The preferred termination design for the free connector is insulation piercing connection
according to IEC 60352-6 for termination of signal contact to tinsel or stranded wires.
(Insulation displacement connection to stranded or solid wires under development).
Termination between outer cable shield and connector shielding by solder-less shielding
clamp contacts to the cable braid.

Insulation Piercing
Connectians according

to IEC 60352-6

free connector shieldipd
shell spring contacts :
for ground continuity 0 0 cable braid
to fixed connector housing N termination

II;\\\\VA\‘ &

Figure 5 — Free connector termination information
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3.6 Mounting information for fixed connector

3.6.1 Printed boards

PB layout Prin
PB thickness:
1,6 mm

(e o]

0,85

L9

|
N
3 AV =
D\ »,7 |8
L I N
2
L,5%0,2

Figure 6 — Board layout for fixed connector
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3.6.2 Mounting information for housing to panel

2x M3
thread

7 — panel cut out

unting information for fixed connector

Number of Dimensions

contacts b j k
4 14,7 14,5 16,0
6 20,5 20,3 22,0
8 27,9 27,7 29,5
10 33,7 33,5 35,0
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3.7 Termination information for free connector

) \ ||T!‘ s
e N TR

W,, i

VRSN 7| (RN

DA

%

cable gland for
5 to 10 mm
outer cable

} diameter
Q @”ton free connector
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minimum space

for opened lever

ld*) ~ ..
() N
F radial seal
o Lla \ . ',‘._jj -
=
_
= [ R A a
= A W)
157
N

fixed connector
minimum mounting
distance

FIXED CONNECTOR
MINIMUM MOUNTING
DISTANCES

Figure ¢

- minimum mounting distance

oA

anis
\Tuyﬂgér of

ckin e
nactor
pe

Dimensions

ontacts m n

A — 4 22,8 11,4
XB 6 28,6 14,3

\ &/ 8 36,0 18,0
\D" 10 41,8 20,9
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3.9 Gauges

3.9.1 Sizing gauges and retention force gauges

yd

L Fal 0
479.0,05 -
Z.c |o
2,6+0,05 = 2
3 .
contact Pr=s s &
width , ! Lo
— : &
j o
- 4 i o
S| e S
i nl ™
; | ™ ol
: "+ oo N |- !
ol LN A B B
: N Q.c i P7
+ —_
oo i
~ \)
7 0’

AN

\>2,86 £0,01 measuring P2

vt | 3,14%0,01 sizing P1
o —_~ O
il — D -0
1 S o oo
ek |5 022
—_ o o
3 n —~
('D—v-o
2,71:0,02 ~gs2
—_ 0O <O
6,09 0,02 S <
0,50 20,01 :S
8,3510,02 ==
=0

Figure 10 — Sizing and retention force gauge
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3.9.2 Locking mechanism gauges

IP67 free connector gauge *:'fi ;gg:“l A=A
\» o v o
; Ly - \~ T—; :1
1,4
I ! 5’148,1
A -
_—l Ml 2,3 min

Figure

bled to free connector for testing,
nsions, see Figure 3 and Table 3)



https://iecnorm.com/api/?name=26395905dd8941e119f1f2353b006155

Copyright © 2001, IEC - 25—

IP67 fixed connector gauge

A-A

fe—
40,8 Max
[
L]

axial
seal

2,4 min [_;1

3.5
£
N
@

13,8 max

L 11,9
3,25 max

3,6 max

Gauge for IP67 protection test of fixed connector

ocking lever assembled to fixed connector for testing,
for additional dimensions, see Figure 4 and Table 4)
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4.1

— 26 —

Characteristics

Climatic category

Table 7 — Climatic category

Copyright © 2001, IEC

Climatic
category

Performance
level

Category temperature

Lower °C Upper °C

Damp heat, steady state

Temperature °C

Relative humidity

Days

1 25/125/56 —25 125

4,

4.

TH
ta
ch
the
ag

4.

Conditions: IEC

St
Al
1

tes

2.3

40

93 %

25/125/21 -25 125

40

93 %

1A
=1

3 25/85/00 -25 85

Not applicable

P Electrical

P.1 Creepage and clearance distances

2] conductlve pattern of the printed board or the wiri
count.

Table 8 — Minimum creepag

Connector type

Minimum |s et eent
contacts an ch

Minim
dj

distance between
ent contacts

Creepage
mm

Clearance
mm

/|

yaN
Mated 1,2‘5\‘( N o,8

=
»

1,25

0,8

P.2 Voltage

andard atmospherq
variants

bndardsatmospheric conditions
contacts: 2 A at 70 °C.



https://iecnorm.com/api/?name=26395905dd8941e119f1f2353b006155

Copyright © 2001, IEC - 27 -

| T rated current (100%)

rated current (DIMN 41640}

2 FEM-simulation

“\ — fitted data (from simulation)

chirrent camying <capacity [A]
i

& &l 100 150

ambiant temperature [C]

Figure 13 — Current-carrying c

4.2.4 Contact resistance

Conditions: IEC 60512-2, test 2a
Standard atmospheric conditions
Mated connectors, contact resistance
Tgst points according to 5.1.1 and Figure

4.2.5 Insulation resistance

Standard atmospheric gonditi
Tgst voltage 100 V + 15}

bdtween contacts,a %
Tgst points acc t

4.2.6 Insertiop

Conditions: Annex Return loss

IEC 60542-25-5 Ed. 1.0

Mated‘connectors, all pairs of shielded contacts

Al| shielded lines: 64 — 20 log(f) dB up to 600 MHz, but not >30 dB.

4.2.8 Propagation delay

Conditions: IEC 60512-25-4
Mated connectors, all pairs of shielded contacts

All shielded lines: <2,5 ns.

4.2.9 Delay skew

Conditions: IEC 60512-25-4
Mated connectors, all pairs of shielded contacts

All shielded lines: < 1,25 ns.
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4.2.10 NEXT loss

Conditions: Annex D, Near end cross talk (NEXT)

IEC 60512-25-1 Ed. 1.0

Mated connectors, between all combinations of 2 pairs of shielded contacts
All shielded lines: 102,4 — 15 log (f) up to 600 MHz but not >80 dB.

4.2.11 FEXT loss

Conditions: Annex E, Far end cross talk (FEXT)

IEC 60512-25-1 Ed. 1.0

Mated connectors, between all combinations of 2 pairs of shielded contacts
All shielded lines: 90 — 15 log (f) up to 600 MHz but not >60 dB.

4.2.12 Longitudinal conversion loss (balanced)

Conditions: Annex F, Longitudinal Conversion Loss (LCL)
Mated connectors, all pairs of shielded contacts
A
C

I| shielded lines: 26 — 20 log (f/100) up to 80 MHz f.f.s ( for fut
4.2.13 Coupling attenuation

¢nditions: Annex H Coupling attenuation
EC 60512-25-2
Mated connectors, all pairs of shielded contacts

All shielded contacts: >80 dB for freque
BO — 20 log (f/100) dB, for frequenc

spgcification)

NQTE Coupling attenuation requirement is assumeg-+tq be M
mgt an the full bandwidth. Coupling attenuation hou

4.2.14 Transfer impedanse

vV

Conditions: Annex G,

IEC 60512-23-7
0, ohm from 1 0

Maximum (speed of operation: 10 mm/s
Re¢st: 5-s;min (unmated )

PIL 12 500 operations
PL 2: 750 operations
PL 3: 50 operations

4.3.2 Insertion and withdrawal forces

Conditions: IEC 60512-7, test 13b

Standard atmospheric conditions

Maximum speed 10 mm/min

Total insertion / withdrawal force: 4 poles: max 6 N/ 6 poles: max 7 N
8 poles: max 8 N/ 10 poles: max 9 N
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4.3.3 Degree of protection:
IP67 according to IEC 60529 in mated and locked position.

4.3.4 Vibration (sinusoidal)

Conditions: IEC 60512-4, test 6d

Standard atmospheric conditions, Mated connectors

The fixed connector shall be rigidly installed in a suitable fixture

a X i
vibration fixture 100 mm after the cable outlet.

Table 9 — Vibration severity

Performance Severity
level
1 10 Hz to 2 000 Hz and 1,5 gfm>er 20 &\
2 10 Hz to 500 Hz and 0,35 mk or 50O\

3 Not applicable I AR
pp \\>\)

5| Test schedule

5.1 General

This test schedule shows all tests and the orde as
the requirements to be met. An "X" Es
ingicates that the test or conditioning ts
of| connectors shall be e of
cannectors together during\the le_te equibpce, i.e. when non-mating is necessary for
a pertain test, the sam 9 2 be mated for the subsequent tests. In the
following text, a mated se e is\called a "specimen". When the initial tests haje
bgen completed i c ided up according to the test groups. Before testipng
cgmmences, the sgrins g eh stored for at least 24 h in the non-inserted st3jte

urjder normal climati
ngcessary for the/e
pqles.

spestion and test sequence according to the style and number

Table 10 — Number of specimens

ing as per IEC 60068-1. The following specimens gre

of

> Number of specimens

o 7

< w2 | Initial test Test groups

5 (eg| 9o

5 o @

3 g2 P AP BP cP HP JP

S| 35

S =0 Performance Tevels

112131123112 (3]1 2 1311 2 3111213112311 [2]3
24 |24 6 8 4 4 2

AB, | 4g 18 4 4 4 4 2
Cb 1 4o 10 4 4 - 4 2
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511 Arrangement for contact resistance measurement:

5.1.2 Arrangemen

Fixed connegtor
mounted to ppnel
with 2 M3 screws

cable clamped
100 mm behirn
free connectof
cable-entry

o

Figure 15 — Arrangement for dynamic stress test
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5.1.3  Wiring arrangement for insulation resistance, voltage proof and
polarisation voltage during damp heat test
L L L test point
> *— ®
Figure 16 — Wirin
5.1.4 Arrangement for high speed

Sde Annex A for general requi

ballun.

gland f ter
shieldfng codinui
to box

shielded cabl
with & STP <\Q

fixed connector

free connector

cable STP

solder joints
shiglding ho

Figure 17 — Test set-up for high speed data transmission measurement
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5.2.1

All specimens shall be subjected to the following tests in sequence:

Test schedule tables

Test group P — Preliminary

— 32 -

Copyright © 2001, IEC

Test

Measurement
to be performed

Requirements

Severity or

Test phase

Title

IEC 60512
Test Np.

ik £ 4 4
cCOMaTrOM—OTteST

Title

IEC 60512
Test Np.

AN

General
examination

Unmated connectors

Visual
examination

N
Thete shalkbe no defegt that
uld iqpair
ndrmakopgration

Dimensional

examination<

e dinensjons shall cpmply
with se specified|in
e 3 including cregpage

learance distancégs as
specified in Table

Polarizing 13e

method 100

N

Force to be applied:

It shall be possible fo

correctly align and mate the
free connector to the fixed
connector
It shall be not possible to
mate the connector infany

other than the corrgct
manner

Shielded and un-shielded
contacts: 20 mQ mgx.
Shielding:

50 mQ max.

Insulation
resistance

3a

500 MQ min.

500 MQ min.

T
150

TUATN
i ~7
D

ontact/contact
Chntact/shield

ontact/ housing

Voltage
proof

4a

WN -~

No breakdown or flashover
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The specimens shall be divided into five groups. All connectors in each group shall undergo
the tests specified for the relevant group.

5.2.2 Test group AP — Dynamic /climatic
T Measurement PL Requirements
est
o to be performed
(2]
2 N Severity or N
o Title e condition of test Title o 2 Title
g = 32
L o8 oo
wh wh
AP1 |Gauge 16e [Method A 1 0,15 N min
retention force Fixed connector only 2
Sizing with P1 and 3
Measuring with P2 acc. to
3.9.1 </\
AP2 |Insertion and 13b |Acc. 4.3.2 4
withdrawal
force < \3{
\ 3
AP |solderability | 12a N \ 1 Insertion depth tbd
31 \z/>
/\ /\ 3 Wetted test area tbd|
AP Resistance to | 12d? | Fixed connectaf only to ge k) 1 There shall be no def¢ct
3.2 |solder heat applied to reflownsoldexin 2 that would impair
\ 3 normal operation
AH 3A | Gauge 16e |[Fixed connectoronly 1 0,15 N min
retention force N P2 acc. t 3.7% 2
/\ 3
AP 4 \ \‘ ~ \ V}\Iége proof 4a No breakdown or flashgver
AP 5 K \ 3 Not applicable
AP 6
- / AN v ) ]
AP 7 [Vibration \ Contact 2e 1 Monitor all contacts in
disturbance 2 series 100 mA for 4
discontinuity of 1us max.
h total )
AP 8 [Shock 6c\ | 28 g/1 s, 3 times in both | Contact 1 Monitor all contacts in
direstion of each axis disturbance 2 series 100 mA for a
/\ discontinuity of 1us max.
AP 9 \ / Not applicable
AH 10 [ Rapid chah’s\\ﬁd Mated connectors 1
of temperature unloaded 2
30 min exposure
five cycles —25 °C to
+125 °C.
Recovery time :2 h
AP Test voltage Insulation 3a 1
10.1 100V +15Vd.c. resistance 2 500 MQ min.
Method A
Contact/contact
Contact/shield
Contact/housing
AP Test voltage: Voltage 4a 1 | No breakdown or flashover
10.2 1 500 V acc. 4.2.2 proof 2
Contact/contact 3
Contact/shield
Contact/ housing
AP Visual 1a 1 There shall be no defect
10.3 examination 2 that would impair
3 normal operation
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5.2.2 Test group AP (continued)
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Measurement PL Requirements
Test
° to be performed
2]
2 ~ Severity or ~
o Title ) condition of test Title o 2 Title
@ oZ o Z
|q_.> © © 3
s s
AP | Climatic 11a [Mated unloaded
4 seaHenee
AP | Dry heat 11j |Temperature 125 °C 1 96 h
111 2
85 °C 3 (\
AP | Damp heat 11m | Upper temperature 55 °C 1< N
11.2 |cyclic one cycle, variant 2,
first cycle Recovery time: 2h
Ambient room temperature
AP |Cold 11j | Temperature -25 °C \/4 h
11.3 %*
Ap \ 5 " Not applicable
)4 O NN P
AP | Damp heat 11m | Upper temperature 55 °C 1
11.5 |cyclic five cycles as i 11. 2 2
remaining
cycle
Connection poin 1 Shielded and un-shielded
accordlng to 4. 4 2 contacts: 20 mQ may.
F| ure 14 3 Shielding:
50 mQ max.
‘I‘iulation 3a 1
sistance 2 500 MQ min.
Voltage 4a 1 | No breakdown or flashgver
proof 2
3
AP 1 10 N max.
12.1 2
3
AP Unmated Connector Visual 1a 1 There shall be no def¢ct
12.2 examination 2 that would impair
3 normal operation
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5.2.3 Test group BP — Mechanical endurance
Measurement PL Requirements
Test
o to be performed
(2]
2 N Severity or N
o Title ) condition of test Title o 2 Title
» o< 8z
»“—’ © = © =
ge g&
BP_1 | Gauge 16e Method A 1 0,15 N min
retention force Fixed connector only 2
Sizing P1and 3
Measuring P2 acc. to 3.9.1 T~
BP 2 | Mechanical 9a Acc.4.3.1 1 \K 12580
operations 2< 5
JANN 2
BP 3 |Flowing mixed [11-7 |4 days 1 \/
gas corrosion half the samples mated
and unmated
BP 4 Connection points: Contact Shiglded and un-shielded
according to 4.2.4 resistance; contacts: 20 mQ mayx.
and Figure 14 incl. Millivedt leve \‘ 3 Shielding:
Shieldi thod
ielding metfod ~ N \/> 50 mQ max.
BP 5 | Mechanical 9a Acc.4.3.1 \ 1 1250
operations > p 2 375
)\/ 3 25
BP 6 Connection points? /Za 1 Shielded and un-shielded
according to 4.2 2 contacts: 20 mQ mayx.
and Figure 14 incl. 3 Shielding:
Shielding 50 mQ max.
BP 7 est%&ége I 3a 1
+ . registance 2 500 MQ min.
3
BP 8 Voltage 4a 1 | No breakdown or flashgver
< proof 2
ontast/shield 3
CowntactPhousing
N 4
BP 9 \ Visual 1a 1 There shall be no defgct
\ examination 2 that would impair
3 normal operation
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5.2.4 Test group CP - Moisture
T Measurement Requirements
est
° to be performed
(2]
2 N Severity or N
o Title pge] condition of test Title ) Title
? oZ S8z
|9 © - © -
= i =
CP1 | Damp heat 11c | Polarising voltage: 56 days
steady state 60 V d.c. 21 days
Recovery time: 2 h
Test voltage Insulation
100V +15Vd.c. resistance 500N ‘min.
Method A
Contact/contact
Contact/shield
Contact/housing
Test voltage: Voltage \N bre wn or flashgver
1500V acc. 4.2.2 proof
N

Contact/ housing

Connection points:
according to 4.2.
and Figure 14§
Shielding

Acc. 4.3.2

EXL>
RO

" Shielded and un-shield

Shielding:
50 mQ max.

contacts: 20 mQ may.

ed

\i |
examination

that would impair

normal operation

/13b 4 pole: max 6N
6 pole: max 7N
8 pole: max 8N
10 pole:max 9N
1a There shall be no defgct

A\
<

Y
\%



https://iecnorm.com/api/?name=26395905dd8941e119f1f2353b006155

Copyright © 2001, IEC

5.2.5

— 37 -

Test group GP - Connections

Test program Piercing acc. IEC 60352-6

5.2.6 Test group HP - Mechanical resistivity
T Measurement PL Requirements
est
° to be performed
2]
S N Severity or N
f Title © § condition of test Title o § Title
v} o o
A OB © 3
e 2e
P | Cable-clamp 17¢c For free connector with \
1.1 [resistance to cable clamp ¢ 2
cable pull Applied tensile force: 3
tensile
| | ™ <\\
a n
HP Cable-clamp 17d For free connector with \ \ \ Psrmissible angle o
1.2 |resistance to cable clamp L2 displacement:
cable torsion Applied torque: \ 3 > (Tbd. 45°)
JON AN
HP 2 Unmated conne \Vis a\( L) 1a ¢ 1 There shall be no defgct
ex@mination 2 that would impair
3 normal operation
HP 3 |Locking and Test applied withrmounted 1 Torque 10 Nm max
unlocking connector 2
torque (\ 3
HP 4 nmﬁ%onne ) \_) Visu 1a 1 There shall be no def¢ct
examination 2 that would impair
\v’\ (\ 3 normal operation
HP 5 | Mechanical 7 newstor, 1
strength height 2
impact (THE(500°: 10 tam) 3
NA i
HP 6 mated conn %r Visual 1a 1 There shall be no def¢ct
examination 2 that would impair
/\ \ 3 normal operation
HP 7 |Degree \ TeMI be applied by 1 Degree of protection IR67
prgtectiqn \ sage of minimum gauge 2 acc. to IEC 60529
apc. 3.7.2 3
HP 8 | Protectio IPxxB 1 Protection against accgss
against Unmated Connector 2 with a test finger acc.|to
access)to 3 15.2 of IEC 60529
hazardous
parts
HP 9 Unmated connectors Visual 1a 1 There shall be no defgct
examination 4 that would rmpair
3 normal operation
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5.2.7 Test group JP — High speed data transmission measurements.

C

Measurement PL Requirements
Test
to be performed
(0]
[2] .
« . « Sg\(erlty or ‘ « ‘
o Title - o condition of test Title e Title
v wn
? oZ S8z
e OB © 5
o 3L
JIP 1 Annex B Insertion loss 25-2 1 See clause 4126
2
3 and\note 4/6, 7
/A< (@AN
JP 2 Annex C Return loss 25-5 ¢ € tlausend.2.7
¢ ndhote™2, 6, 7
JP 3 For information Propagation 25-4 N ScMause 4.2.8
delay <\ \
JP 4 For information SkeV\\Z@‘ \/See clause 4.2.9
N

See clause 4.2.10

a4

J

and note 1,6, 7

b 5 Anne?\ (\;:}WZ/ C

P 6 Annex

[
N

See clause 4.2.11

\ Ioss\
L & and note 3, 6, 7

JP 7 Annex L Mnal u.c. See clause 4.2.12
conyersion
loss and note 5, 6, 7
[\\v &N (balanced)
JP 8 Ann Coupling 25-2 See clause 4.2.13
attenuation
and note 6, 7
NN
Jpo N4 Transfer | 23-7 See clause 4.2.14
impedance
and note 6, 7
Pa N
1) NEXT loss af\frequ \ at@ond to calculated values of greater then 80 dB shall revert to a minimunm
Fequirem
2) Return4oss gies that correspond to calculated values of greater then 30 dB shall revert to a minimum
Frequirem
3) FEXT loss a correspond to calculated values of greater then 60 dB shall revert to a minimum|

4)
5)
6)

7)

Fequirement of
Attenuation.at frequ
of 0,1 dB'maximum.

Balance at frequencies that correspond to calculated values of greater then 40 dB shall revert to a minimum
Fequirement of 40 dB.

AllMransmission results shall report worst case overall for the corresponding pair or pair combination after

fes that correspond to calculated values of less than 0,1 dB shall revert to a requireme

=

h

3 tha t
et

1
S5t A-SePress

All measurements to be performed on mated connectors.
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Annex A
(normative)

General requirements for the measurement set-up

A.1 Test instrumentation

should have the capability of full two port calibrations. The analyser shall cover the frequengy
rapge of 1 MHz to 1 GHz at least.

An absorbing clamp and ferrite absorbers are needed f6
measurements. The requirements for these items ar¢

AJ)2 Coaxial cables and test ledds for<network 3

pdssible. (It is recommended that they(do nat exd
THe baluns shall be electric

measurements a test fixt
Balanced test leads and

eduipment and the co aken from components that meet or exceefd

the requirements fqr t a . Balanced test leads shall be limited to maximum|7
cnm between ea @ erenceRlane of the connector under test. Pairs shall
remain twisted from’the k flere sonnections are made.

A3 Measyrement p

Tq assureg i ‘ dbility for transmission measurements, the following
precautidns & el

1)|Consistent a tabre balun and resistor loads shall be used for each pair throughout the
tept sequences
2)|Cable and{adapterdiscontinuities, as introduced by physical flexing, sharp bends and
reptraints.shall be avoided before, during and after the tests.

3)|TheTelative spacing of conductors in the pairs shall be preserved throughout the tests
to|the’ greatest extent possible.

4\ Thg hf)|f:nr\a n-F H«.c. r\oh!ao |o mnlnl’nlnarl +n +ha gra’ﬂac} Qv{'cn{' "CSSIb!S hu nnno.e+gn+
conductor lengths and pair twisting to the point of load.

5) The sensitivity to set-up variations for these measurements at high frequencies demands
attention to details for both the measurement equipment and the procedures.

A.4 Balun requirements

The baluns may be balun transformers or 180° hybrids with attenuators to improve matching if
needed (see figure A.1).
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180 Hybrid [0

Test port

To network analyzer

Figure A.1 — 180° hybrid used as a balun.

The specifications for the baluns apply for the whole frequency range
B4luns shall be RFI shielded and shall comply with the specificatio

Table A.1 — Test balun performance £ha

Requirement at te Requirement at test

frequencies/fkg HZ\ \>frequencies above 250 MHz
N\

Parameter

N

—

mpedance, secondary 100 100 O

N~
hpedance, primary \\\wckﬁto pplied/network analyzer

flsertion loss {
eturn loss secondary ., \
with

10 dB maximum
14 dB minimum
10 dB minimum

/
\
eturn loss common m

bmmon mode te?'ngti n \

2|0

[@]

p
turn loss Commors pfode \)

thout common m 1 dB maximum NA
rmination '

R
Wi

tq

Lbngitudinal badance ° \ X 50 dB NA
Cbmmon mode rejection N\ 50 dB 40 dB
Olutput sigral balancex™ \ 50 dB 40 dB
Pbwer réting\_\ _X \ 0,1W

Nptes: NA: i w

1

necting the balanced output terminals together and measuring the return loss. ThHe
edance shall terminate the primary input terminal.

Measured by
nominalsptimary i

N

Applicable for baluns, which are used for balance measurements. Measured from primary input
terminal to common mode terminal when secondary balanced terminal is terminated with 100 Q.

Measured according to ITU-T (formerly CCITT recommendations G.117 and O.9).

A.5 Reference components for calibration.

A.5.1 Reference loads for calibration

To perform a one or two-port calibration of the test equipment, a short circuit, an open circuit
and a reference load is required. These devices shall be used to obtain a calibration at the
reference plane.

The reference load shall be calibrated against a calibration reference, which shall be a 50 Q
load, traceable to an international reference standard. Two 100 Q reference loads in parallel
shall be calibrated against the calibration reference. The reference loads for calibration shall
be placed in a N type connector according to IEC 60169-16, meant for panel mounting, which
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is machined flat on the back side (see figure A.2). The loads shall be fixed to the flat side of

the connector, distributed evenly around the centre conductor. A network analyser shall be
calibrated, one port full calibration, with the calibration reference. Thereafter the return loss

of

the reference loads for calibration shall be measured. The verified return loss shall be >46 dB

at frequencies up to 100 MHz and >40 dB at frequencies above 100 MHz and up to the limit
for which the measurements are to be carried out.

Machined flat

1/

AN

Loads for
calibration

N type connector

Figure A.2 — Calibration of referg

J5.2 Reference cables for calibration

AS

cOo

pre for the calibrations. The total leng
of q easurement cables as outlined in
the 3 s 3 onds of the reference cable must be w
or ) . .

A

D;r i he measurement cables for the connector under te
s G g tosthe specified test set-up with impedance matching loads. F
pgi 5 i i e test instrumentation at one or both ends. For pairs ng
un st instrumentation, resistor loads or terminated baluns shall
be Ntia

TH

CO

TE- The exact value ©f'the common mode impedance is not critical for most measurements. Normally a value
75|Q is used for unscreened connectors while a value of 25Q is used for screened connectors.

¢sistor Ioads shall use reS|stors specmed for £1 % accuracy at d c. and have a return loss

balun common mode Ioad is |mplemented by applylng a load at the common mode termmal

pr

(centre tap)of the balun. The impedance of the load is equal to the common mode impedance.

For a balun without a common mode terminal (centre tap is not accessible), the requirement

for common mode return loss shall be complied with by inserting a balanced attenuator
between the balun and the connector pair. Guidance on how this is done is shown annex I.
For pairs connected to resistor loads, common mode load is implemented by the Y
configuration shown in figure A.3.

! Unpredictable stray capacitance’s in baluns causes resonance’s at high frequencies, if they are used as
terminations, when the common mode terminal is open.

Return loss of terminations are measured with a network analyser connected to one balun, which is calibrated
(full one port calibration) using the reference loads (clause 2.5.1).
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Figure A.3 — Resistor load

where

TH
at
sh
TH

A

If
TH
to

A

Th
th
th
m
bg

the measure

8

e two resistors R1 shall be matched tO\withi %. The t@winatn shall be implemented
a small printed circuit board with s
all be symmetrical.

€ screen or Scsf

R
R1= ;If

and

if
R2 = Rcom - TI
where:

Rudiff is the differential mode impedap€e (

esistars. The|layout for the resistors R1

d-fmeasurement cables shall be applied.
e fixed to the ground plane as close as possible

O

Fixed connector side Free connector side

\

Reference planes

Figure A.4 — Definition of reference planes
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B.

Annex B
(normative)

Insertion loss ¥

1 Object

The object of this test is to measure the insertion loss, which is defined as the additional

at

enuation that is provided by a pair of mated connectors inserted in a communication cable.

B{2 Test method

Insertion loss is evaluated by measuring the scattering parameters, S | the ‘conductor
pgirs.

B|3 Tests set-up.

The test set-up consists of a network analyzer and two batu annex A.

It

B.

A
ap

s not needed to terminate the unused pairs.

4 Procedure.

4.1 Calibration.

pq

th
c
af

c}nles are connected

se cables shall be

librations. At thee
plying open, shQ

Port 2

Balun Balun |
T NA

Reference cable

Reflection .
Calibration —— Balun Balun |
NA ) NA

Port1 / Port 2

B.

Open, short and load

Figure B.1 - Calibration

4.2 Measurement.

The test specimen shall be terminated with measurement cables at both ends. The length of
measurement cables shall be equal to the length of the reference cables used for reflection
calibrations. The measurement cables shall be the cable types for which the connector is
intended. A S21 measurement shall be performed.

3 Often referred to as attenuation.
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CuT

50 50

NA
TN

0
A

/0S|

Po

B.2 — Measuring set-up

=
Ground plane
Socket side

Bl5 Test kepo

dgtail specification,
Results for all pairs
exceed.the test limits.

all be reported. It shall be explicitly noted if the measured results

2

B.6 Accuracy

The accuracy shall be within £0,05 dB
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Annex C
(normative)

Return loss

C.1 Object

The object of this test is to measure the return loss of a mated connector pair at the two
reference planes.

Cl{2 Test method

Return loss is measured by measuring the scattering parameters, S11,@
canductor pairs.

NQTE As a connector is a low loss device the return loss of the two sides a

C|3 Test set-up
The test set-up is as described in Annex A.

Cl4 Procedure

c4.1 Calibration

Calibration shall be performed as descyibed in clau 4.1.

c@4.2 Measurement

The test specimen shaf\be termiha 9 ment cables at both ends. The length of]
measurement cables shalkbe hof the reference cables used for reflection
calibrations. The e the cable types for which the connector is
infended. S11an carried out for each of the pairs.

Cl5
The measurey res ported in graphical or table format with the specification
linpits shew raph or in the table at the same frequencies as specified in the relevant

ddtail spewsificatign;
Results for albpairs shall™be reported. It shall be explicitly noted if the measured results
exceed the test limjts

Cl6.,“Accuracy

The return loss of the load for calibration is verified to be greater than 46 dB up to 100 MHz
and greater than 40 dB at higher frequencies. The uncertainty of the connection between the
connector under test and the baluns are expected to deteriorate the return loss of the set-up
(effectively the directional bridge implemented by the test set-up) by 6 dB. The accuracy of
the return loss measurements is then equivalent with measurements performed by a
directional bridge with a directivity of 40 dB and 34 dB. The accuracy (uncertainty band) is
tabled in table C.1.

Table C.1 — Uncertainty band of return loss measurement at frequencies below 100 MHz

Measured RL 10 12 15 18 20 22 25 28 30

Lower uncertainty limit | -0,3 -0,3 -0,5 -0,7 -0,8 -1,0 -1.,4 -1,9 -2,4

Higher uncertainty limit | +0,3 | +0,4 | +0,5 +0,7 +0,9 | +1,2 | +1,7 | +2,5 | +3,3
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Annex D
(normative)

Near end cross talk (NEXT)

1 Object

e object of this test procedure is to measure the magnitude of the electric and magnetic

CQO

D

cq
pd
D

Th
of

Near end crosstalk is evaluated by measuring the scattering paramé

upling between driven (disturbing) and quiet (disturbed) pairs of a mated connector pain:

2 Test method

nductor pair combinations at one end of the mated connector, m
irs are terminated.

3 Test set-up

the set-up, which also shows the termination

100

SN el
oo |
oo |

NA
Port 1 ’}

8 %&E%

)N

100

N
Q)
N
> ]

100

/

Measurement cables

Screen (if any)

/ J’

Ground plane

Plug side Socket side

Figure D.1 — NEXT measurement differential mode only terminations

(Passive terminations must be resistor terminations)
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CuUT
50
NA > 25
Port 1 1—__:’} >< 50
50
e _ﬂl_ O
Eértz -l:f} £::>0‘3C0<>< 50
50 g
50 |
50
50
r:l— X “ S

/

Screen (if any)

es

&W

Measurement cabl
w Ground plane

Socket side

differential and common mode termination.

aY be either balun or resistor terminations)

through(calibrationshall be applied as a minimum. Full two port calibrations is
recommended in order to enhance the measurement accuracy.

DM4.2" Establishment of noise floor

The noise floor of the set-up shall be measured. The level of the noise floor is determined by
white noise, which may be reduced by increasing the test power and by reducing the
bandwidth of the network analyser, and by residual crosstalk between the test baluns. The
noise floor shall be measured by terminating the baluns with resistors and perform a S21
measurement. The noise floor shall be 20 dB lower than any specified limit for the crosstalk. If
the measured value is closer to the noise floor than 10 dB, this shall be reported.

NOTE For high crosstalk values, it may be needed to screen the terminating resistors.
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D.4.3 Measurement

Connect the disturbing pair of the CUT to the signal source and the disturbed pair to the
receiver port. Terminate according to figure D.1 and figure D.2. It is recommended that the
socket be termlnated with short separated pairs without jacket. Test all possible pair
combinations * and record the results.

The CUT shall be tested in the following configurations:

1. With differential mode terminations only. (This is not requested for category 7 connectors,

ane-therequirerment-wil-beremeved-feral-categeriesifexperierce-show-thatareqairemen
fof balance can replace this requirement.)

2.|With differential and common mode terminations.

ThHe measurements have to be performed from both ends of the mated co
cannector is a low loss devise near-end cross talk values from the two €

. As'a

D|5 Test report

The measured results shall be reported in graphical or tabl QbW N pecification
linhits shown on the graphs or in the table at the sameAreq c pecified in the releva
dgtail specification.

Résults for all pairs shall be reported. It shall be
exceed the test limits.

easured results

D{6 Accuracy

The accuracy shall be bef
measurements up to 85 dB:

9,

aarly equal.

There are 6 different combinations of near-end crosstalk in a four-pair connector from each side, which gives
atotal of 12 measurements for each kind of termination method.
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Annex E
(normative)

Far end cross talk (FEXT)

E.1 Object

The object of this test procedure is to measure the magnitude of the electric and magnetic
cqupling between driven (disturbing) and quiet (disturbed) pairs of a mated connector pain

Ef2 Test method

canductor pair combinations at one end of the mated connector,

E{3 Test set-up

The test set-up consists of two baluns and a network/ana
of|the set-up, which also shows the termination pripcipl

7 -

/

Screen (it any)

NA
Poyt 1

Measurement cables.

—— 1

Ground plane

Plug side Socket side

Figure E.1 - FEXT measurement differential mode only terminations

(Passive terminations must be resistor terminations)
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CuUT

rz— 50
Port '} i:_:

25

Screen (if any) rement cables

)2

Ground plane

Socket side

ither balun or resistor terminations.)

E.4.1 Calibratio

CTIibration is performed as shown in clause D.4.1.

Figure E.2 - FEXT weg \ ifferential and common mode terminations

E.4.2 Establishment of noise floor

The noise floor of the set-up is established as shown in clause D.4.2.

NA
Port 2
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