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Agenda

= Cat.8 / Class | and Il overview

= Basic Test Regime & Test Interfaces

= What makes RJ work at high frequencies

= Component testing in the lab

" Field Testing Requirements

" fxtended Test Regimes

= Performance of Cat.8 samples ¢« e
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Which Cat.8 ?

ISO 11801

Channel / Perm. Link ;  Cat.8 Class lown | Class Il orarn

Max. Frequency : 2000 MHz !

Components : Cat.8 Cat.8.1 | Cat.8.2

Extrapolated from : Cat.6A ¢ (eauvaleny > Class E , : Class F,

Style : RJ45 | Non-RAJFiggERA, cass,

Field Test Standard : TIA 1152a IEC 61935-:1 Ed.5 (DRAFT)

... Accuracy Level : 2G Level VI for CL.I : Level VI for CLII
:
| | T 40
- - - o e o
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Step 1/4: Basic (Minimum) Test Regime

Cre.ate BASIC Tests Monitor &
ProjX ™ Document
o Sy S =

Trouble Shoot

EXTENDED Tests

EXT. no
Tests

yes

- ...Optional / Conditional Testing j—
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@ Test Interfaces & Reference Planes

Application
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What Limits The Bandwidth more ... Connectors or Cable ?

100MHz 500Mhz 1000MHz
Example: 30m Link ‘
* |L (Insertion Loss)
100MHz 500Mhz 1000MHz
*  NEXT (Near End Crosstalk) ‘J ., "
ey

Bics/
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What makes a -.6, -.6A, .-8.1 Connector work
?

NEXT: 37dB ...14mV

Cat.6, Cat.6A, Cat.8.1 ...“Mated NEXT
>54dB ... < 1.9mV

Note: Above is shown for the most critical pair 3,6/4,5 at 100MHz

Bics/
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Let’s assume the plug is ...

«“ ” «“ ’
... ‘'worse ... "better
]
The jack Cat.6, Cat.6A, Cat.8.1 The jack
,under compensates” because ..“"Mated NEXT” ,over compensates” because
the plug is to “LOW” >54dB..<1.9mV the plug is to “HIGH”

Bics/
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Plug / Jack NEXT Compensation at 2GHz is not trivial

Good performance rquires that the plug and jack NEXT are in perfect
balance.

Cat.6/6A Cat.8.1
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Back in 2002: Many Plugs, Many Pyramids ....

= Multiple plugs used to test
jacks for Cat.6 compliance

» Included High, Low and
Centered Plugs

» Up to 12 plugs used

» Finding 3 meeting all
requirements would be like
getting all right in a lottery

= The jack had to demonstrate
compliant “Mated Next” in all
12 cases

Bics/
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“New?” in 2006: One Centered Plug & Mathematics

= Asingle plug can be used to test for compliance in 14

Figure E.9 - An example of a connecting hardware measurement configuration

BICSI Europe / Cat.8 Field Testing Rome / 2017.10
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cases
— Instead of 12 actual plug

= “Leaded” or PCB based test plugs may be used
 ® Most of the time a PCB based plug is preferred

> ... off the shelf

L 4

> ..stable
» ...convenient

» ..provenin
“round robins”

Figure E.7 - PCB based plug

Figure E.8 - TP6A PCB based plug assembly with adapter

Bics/



Cat.8.1: Combined Laboratory & Field Test Concept
— .. Auxiliary Tools

e —

Requires adapters and artifacts for the
proprietary test plug interface in order

1. ... Neutralize the effect of the test plug
interface

2. ... Verify the compliance of the test plug

-
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How simple was Cat.6A in comparison!
st Cat.8.1 Action photos from the lab

@
i:

FWD inverting fixture
(4 separate matrices)
——1 . . .
N 4 x 4 Matrix 16 x 16 Matrix 4 % 4 Matrix
1#_|_A citrda el g—lC __ _A
1
FWD17 . FWD1 REV1
>4 2 -2 10 =
I B DT B D D B
| 3* 4 X 4 Matrix 4 x 4 Matrix
3#_|_ A [¢ : A ¢l 11 -l —
o FWD2 REV2
#L Dz e 4 12 - o
I B DT B D D B I D B
I 5* 4 x 4 Matrix 16-port DUT 4 x 4 Matrix 13+ I
st CHA — L5 13 i — at3c Ald1a*
U FWD3 REV3 1
G#J- FWD3 | 6* e 14 14*| REVZ 414#
| B D | B D -I D B | D B |
4 % 4 Matrix 4 x 4 Matrix
I 15*

i TC! AFFD4£_7 15_C_RE/4A e 1»e\_|_15#
8"J- FWD4 |8 P i 16‘| REV4 _116#
| B D B D -I D B | D B |
- = = Unprocessed Measurement including Fixtures -y
(16 x 16 S-Parameter)

B [ i
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Requirements for Feld Testers

IEC the testing of balanced and coaxial information |
===d technology cabling — Part 1: Installed balanced -
cabling as specified in ISO/IEC 11801 and related

standards R

f, ANSI/TIA-1152A: Requirements for Field Test Q
A? Instruments and Measurements for Balanced ==

Twisted- Pair Cabling

ISO/IEC 61935-1 Ed.5 (CD): Specification for

% Class D E Ea F Fa I I
VI VI
Level Ile II1 Ille IV \ (CLT) (CLIT)
TA Cat. 5e 6 6, 8
Level Ile 111 IIle 2G Bié}i
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“In a Cat.6A project should | demand Level-llle or
prefer Level-1V or better?”

Cat. 5e 6 6, 7 7, 8.1 8.2
Level | 1le I llle W, Vv VI Vi
< 9 < 9 < o
Level A} Vv VI (cn Eﬂ
< o < o

= Answer: Aboluetely NO !

Level IV/V is in this case without Relevance Afuture Level VI
(fur Class 1) would be relevant. &
Bicsi
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For the permanent link test configurations. the length of the cable between the modular connector
and he piug maling with the link under test shauld be 48 mm (1.7 in] maximi n. The instument

[
connactor sholid be a type that mates direetly with the Righ qualty measurement port of the fiaks
tester as shown in figure 15 Same methods used by field testers (ir permanent link
measurements rely on special calibration factors that are associated lo @ manulsciurer's link

adapter {patch cord]. The permanent link compensation can be renderecinvalid if the link
adapter is physically modified ar a test is un without valid calibration factors| Contact the figld
tester manufacturer for any specisl precautions

Instrurnent apply 0oy Modular
cannecter festhsader comeetor ——7< \ cannectar
q‘ =

mating connector test headar >

f ot
45 (17 njorlses
e s u s Figure 15 - Special patch cord for permanent link test compasison

[ vt 8250

00ooooooo
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A combined Field & Lab Tester Concept for Cat.8.1....

Definition of the key elements

T
=

Test Plu Test Pl
J est Fiug Test Plug
Adapter Interface “Centered Plug’
(proprietary) e
o &
Bics/
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Permanent Link Adapter with a “ ” Test Plug

s for the ,,Heavy Duty Field Use”
- Consumable

SN

B uoiter =
VIE 01 =

Test Plug Test Plug Test Plug
Adapter Interface “Centered Plug”

(proprietary) .v/—\.
Bics/
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LOUANCING BL0EAL COMMUNICATIONS

Table 5 - Level llle nominal measurement accuracies at category 6A pass/fail limits

442

The worg
channel @
referencs

are highl
computeq
accurac
computet
test conRgaaEs

i) i

,~/)/

8 ! \N"{.‘\.\‘ %
WAL !‘\‘X\\‘\\‘ \‘

YO

Freq Baseline (" Permanent link Channel
Test accuracy at accuracy at accuracy at
perm. link limits || perm. link limits channel
parameter | ;) (+dB) (+dB) limits (+ dB)
100 0.6 0.7 07 ==
Insertion loss | 250 1.0 1.1 _--13
500 1.3 = = 14 _- 1.6
100 0.9 N 12,7 15
NEXT loss 250 14 1.# 2.1
500 1.9 2.3 25
N A

ified b

ameters at

0y inserting the g
.2 into the errca

is 0.5 of the

Does ANSI/TIA define a more accurate tester than ISO/IEC ?

Table 10 — Worst case insertion loss, NEXT, ACR-N, ELFEXT/ACR-F and
return loss measurement accuracy for level IlIIE test instruments

Test parameter

Level llle

Baseline accuracy at
permanent link limit

Link accuracy at
permanent link limit

Channel accuracy at

channel limit

instr

all fr

evel
seline and

al accuracy. Fg
lle accur

it for the che

perm

configuration. Level Ill accuracies are computed at the category 6 permanent link pass/fail limit
for the baseline and permanent link test configurations, and at the category 6 channel pass/fail

BICSI Europe / Cat.8 Field Testing Rome / 2017.10

(C) FlukeNetworks

Frequency 100 250 500 100 250 500 100 250 500

————————— TWiHZ = e MEze L MHz MHz MHz MHz MHz MHz MHz
dB dB dB CE" ~.di dB / | [y dB dB
e -

Insertion loss 1.2 19 2,7 1.3 2.3 '¥.B 'JTL‘»J 2,5 3.1
(N EXT 1.8 28 3,9 2,3 3.6 4.6 2,9 42 5.2

Power sum 19 29 4.0 2.6 3.8 4.7 3,2 45 ‘

NEXT h A e
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Status Cat.8 : Field Tester Requirements

ANSI/TIA-1152: Requirements

for Field Test Instruments and
oo ammanne VIEASUrements for Balanced

Twisted- Pair Cabling

PUBLISHED

ISO/IEC 61935-1 : Specification
for the testing of balanced and
coaxial information technology
cabling — Part 1: Installed
balanced cabling as specified in

Table T - Level 2G nominal measurement accuracies at category 8 passifail limits

Baseline Permanent link Channel |SO/IEC 11801 and related
Test Freq accuracy at accuracy at accuracy at
parameter (MHz) | perm. link limits | perm. link limits . cthannel Sta N d a rd S
(= dB) (£ dB) limits (£ dB)
.
100 05 0s 05 Committe Draft
Insertion loss 300 1.1 1.3 12
1000 16 20 20 2008 Table 13 - Worst case insertion loss, NEXT, ACR-N, ACR-F and return loss
2000 1-6 '2"0 —’-‘-t] 2009 measurement accuracy for level VI (Using Class |
100 ﬂ-? ﬂ-ﬁ {3-9 Test Baseline accuracy at permanent Link accuracy at Channel accuracy
550 1'0 1'3 1'3 parameter link limit permanent link limit at channel limit
- - - Level V
- o 3 2
NEXT loss ‘SGDDDG 1? f',g :g Frequency 100 250 600 1000 | 2000 | 100 250 600 1000 | 2000 | 100 250 600 1000 | 2000
2000 ‘_':'1 :-B ‘;-B MHz MHz MHz MHz MHz MHz MHz MHz MHZ MHz MHz MHz MHz MHz | MHz
100 E? 68 ‘1'1 dB dB dB dB dB dB dB dB dB dB dB dB dB dB dB
280 1.0 1.3 1.5 Insertion loss | 1.0 1.4 23 33 3.9 1.1 1.7 2.8 43 5.1 1.2 1.7 3.0 4.4 5.1
PSNEXT loss 150Bgng 1? ‘E-g E; NEXT 13 | 20 | 35 | a1 | 24 | 15 | 25 | a2 | 51 | 54 | 18 | 25 | a5 | 53 | 57
’?- : 7 Power sum
21UEDDU E; ‘1_3 '?,g NEXT 1.3 2.0 35 4.1 4.4 1.5 2.5 4.4 5.1 5.4 21 2.9 4.6 5.5 6.3
250 13 16 28 ACR-N 1.4 23 3.9 4.7 5.1 16 2.8 4.9 5.8 6.2 1.9 2.9 5.0 6.0 6.5
ACRF 500 20 24 3.1 Eenics o
1000 25 3.1 3.8 ACR-N 1.4 255 39 47 5.1 1.6 2.8 4.9 5.8 6.2 22 3.2 5.1 6.2 7.0
2000 25 3.1 3.8 ACR-F 1.7 25 4.2 5.0 5.3 2.0 31 52 6.1 6.5 55 5.6 6.7 7.5 7.9
100 0.9 1.0 36 -
ower sum
PSACRE ggg 13 1E i; ACR-F 1.7 2.6 4.2 5.0 53 2.2 3.2 5.2 6.1 6.5 71 7.4 8.3 8.9 9.2
S 2. 2. 1
1000 75 31 ais Return loss 39 | 29 | 28 | 25 | 28 | 45 | 34 | 30 | 29 | 32 | 38 | 34 | 30 | 29 | 32
2000 25 31 45
100 20 23 1.9
250 15 1.7 1.7 —
Retumn loss 500 1.2 1.4 1.6 .'
1000 13 15 15 g
2000 6 15 T8 ICSI
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Create
Projx ™

EXT.
Tests

yes

no

Step 1B: Extended Test Regime

BASIC Tests

Monitor &
Document

Trouble Shoot

EXTENDED Tests

-

- ...Optional / Conditional Testing

BICSI Europe / Cat.8 Field Testing Rome / 2017.10 (C) FlukeNetworks
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Why EXTENDED Testing ?

00000
<O» |

Copper Certification to ISO/IEC 11801

Reference Conformance
Testing

Installation Conformance
Testing

Wire Map

v

Length

Propagation Delay

Delay Skew

DC Loop Resistance

NS

DC Resistance Unbalance

Insertion Loss

NEXT, PS NEXT

Return Loss

ACR-N, PS ACR-N

ACR-F, PS ACR-F

NN NS

TCL, ELTCTL

PS ANEXT, PS AACR-F"

ANINENENENENENENENENENENEN

\

BICSI Europe / Cat.8 Field Testing Rome / 2017.10

1) Class Ex only

(C) FlukeNetworks
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%

ADYANCING GLOBAL COMMUNICATIONS

L

Why EXTENDED Testing ?

00000
<O» |

Copper Certification

ANSI/TIA-568-C.2
(Cabling System)

ANSI/TIA-1152
(Minimum Field Test)

Wire Map

Length

Propagation Delay

Delay Skew

N ENENEN

DC Loop Resistance

DC Resistance Unbalance

Insertion Loss

NEXT, PS NEXT

Return Loss

ACR-F, PS ACR-F

AN RN

TCL, ELTCTL

PS ANEXT, PS AACR-F "

ANBNENENENANENENENENENEN

S

BICSI Europe / Cat.8 Field Testing Rome / 2017.10

1) Category 6A only

(C) FlukeNetworks
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WHAT IF ...

TCL / ELTCTL is nno3 ?

Ss-'n N
""'.I’J .

not compliant

Bics/
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T

N N

TCL (Transverse Conversion Loss) $

-

Transverse Conversion Loss is the ratio (in dB) of a
common-mode voltage measured on a wire pair relative
to a differential-mode voltage applied to the same end of
the pair. The TCL value shows you how well the
impedances of the pair’s conductors are balanced.

Differential /\/\/\/\
Signal Applied \/\/\/\/

Common Mode
Voltage Measured

Bics/
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Mode Conversion — Real World Example
vs. BAD Drum of Cable D

18km cable of identical type was installed

30% of the links don’t carry 1000BASE-T

In| | Insertion Loss 26.2dBE A Ing | Insertion Loss JAEE A
NI | MExT g4de ME| | NEXT BAdE
pi | PS MEXT 82de PS5 | PS MEXT 7.5 dB
al | ACR-M 181 d8 &0 | ACR-M 23.3de
P1 | PSACR-H 18.04dB P5| | PSACR-N 23.1dB
all | ACR-F 20.2dB &C| | ACR-F 17.3dB
Pi | PSACR-F 20648 P5| | PSACR-F 19.4 db
Rl | RL oer-iE RL | AL 3B
Ld | 7oL , Let | TCL
P | CMRL Pro | CMRL
[ reph | TCL - (PL-L13) RESIEE De | COMEXT
iz Re | ELTCTL 21.94dB
Wil | Length 22.2m
: Prop. Delay 102 ne  —
: Delap Skew 2ns
Resiztance 3d4ohm: o
| < | B
5 ° ®
Bics/
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WHAT IF ...

Even a legacy application like
TCL / ELTCTL is not 1000Base-T may not work on an
compliant otherwise compliant Cat.6/6A
system !

Resistive Unbalance ?
is not compliant P

Shield Integrity is

not given

Bics/
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Resistance Unbalance

Difference in Resistance between wires in the pair

=hE
Example: L8370 €D Resultnot saved
l v v
( \ RESISTANCE %f‘?:&xgg
VALUE VALUE LIMIT
1 1 Q Q Q
2 2 , 3.7 0.02 0.15
L | 3.7 0.02 0.15
; o 3.7 0.01 0.15
1.85

3.6 0.01 0.15

Resistance=3.7 Q
Resistance Unbalance = 0.02 Q

Bics/
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WHAT IF ...

Even a legacy application like
TCL / ELTCTL is not 1000Base-T may not work on an
compliant otherwise compliant Cat.6/6A
system !

Resistive Unbalance
is not compliant Poor contacts may further
degrade over time

not given

Shield Integrity is >TIRAY - ?
CJ

4

Bics/
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Opinion A:

Shield Integrity
... Opinions

Opinion B:

Even when the
shield is open at
the both ends
the requiremens
for 10GBASE-T
are met

BICSI Europe / Cat.8 Field Testing Rome / 2017.10 (C) FlukeNetworks

Requirements
for 10GBASE-T
are not met if
the shield is
open (floating)

1.) Experiments

prove it (both
opinions)

2.) The EMI gets
significantly
worse

Bics/
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o»’;-l\o Shield Integrity

-

Shield not connected

In The Past: Grounding Baf
Field testers could only verify that there is DC Continuity
DC Continuity is given by grounding and earth
Any open shields/ends could not be detected
Bicsi
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- TRYT -
Does your field tester verify the shield ?

Use a UTP Cable and shielded jacks to find out
Tester 2

| f
TN
it
Wb
g
e
N

1
2
3
6
4
5
7
8

W/ MWW s W N

[

Only 1 tester will detect the lack of a shield

@ N (S W N =

NOTE: In special applications it may be
essential to verify that the shield is open TESter 3 o

on a defined end

FIX LATER TEST AGAIN

Bics/
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Field tester — Shield Test Requirements

> TIRYT<

= Published TIA 1152A states:
...for level 2G testers, it is understood that the screen

continuity is tested along the path of the cabling.

-40

-45

-50

-55

-60

PSANEXT (dB)

-65

-70

-75

-80

11801-1 PSANEXT

— EA

e Class |

—

BICSI Europe / Cat.8 Field Testing Rome / 2017.10

For Class E,, where the alien
crosstalk requirements are based on
UTP cabling, this may not be of
concern, however Class I/Il alien
crosstalk requirements are 10dB
tighter than F, and need the screen
to be well terminated to ensure

0 500 Frequ(:_xlr?((:)\(/)(l\/le) 1500 2000 Compliance.
g
Bics/
(C) FlukeNetworks 33



. o = (3
Results of poor shield termination

= |tis important to check that the shield has continuity along the
path of the cable — here the Disturbed cable has its shield open on
one end

PS ANEXT

80 Wﬂ |"ﬁ JW m MWM& MMMM.& fulf | bt b .:Mwﬁ%ww{w@% ‘P;Agg\m%‘

Schirm korrekt aufgeschaltet

10

=]

@60 L

. , ,
0 500 1000 1500 2000
MHz

PS ANEXT

——— Overall Status }—
\ FAIL

©y Schirm schlecht aufgeschaltet T x

0 5(=]0 ;.OL?ZO 15=DO 2000 ; /_\
E) &
BICS/
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WHAT IF ...

Even a legacy application like
TCL / ELTCTL is not 1000Base-T may not work on an
compliant otherwise compliant Cat.6/6A
system !

Resistive Unbalance

is not compliant Poor contacts may further
degrade over time

10 or 20 dB of electromagnetic
Shield Integrity is immunity (EMI) is lost.

not given Alien Crosstalk may become non-
compliant

Bics/
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Standards defined requirements
for field testers

Manufacturer endorsed Cat.8
Field Testers

Testing Cat.8 links is no more
complex the Cat.6,

02/01/2017 06:51:52

. P
€D NEXT at Main

02/01/2017 06:51:14
PASS

o P
€D saMPLE0OL

senrargasns IK1
ot

PASS

WIRE MAP

Tomgartvar hon

Mathog crowesn

s or P8 305
e L adaptersfom o b

s

NEX

i i
1400 1600 (MHz)

@ PAIR @
Margin: 3.2dB

REMOTE WORST VALUE

[}
800 1000 1200

tworks
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Intertek

January 17, 2017

IEST:

Performance testing of telecomm

unication cabiing fieid tester measurement accuracy to Level 2G, as
defined in ANSITIA-1152-A, suitable for Category 8 cabling testing also including opticnal resistance

parameters,

STANDARD USED;

ANSITIA-1152-A, Requirements f

or Field Test Instruments ang Measurements for Balanced Twisted-Pair
Cabiing, published November 2016

SECTIONS USED:
===U0NS USED:

The testing was pedormed in accordance wilh the followin,
*  Section 4.4: Fiald tester
* Section 4R Coman-.

IPANDUIT e oot

AUTHORIZATIO|
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number Qu-0074¢

DATES ~=—-

#Tglegém‘e"

1 P Mttt
p—

—

1w g Tolgirt
el jron atwwer 11
oo

T air 12-36

measurement accuracy

‘g seclions of ANSITIA-568-C 2.
requirsments.

3633 US Routa 1
Coelland, MY 13045

Telephone: (607) 753.6711
Facsimile.  (607) 758-3648
www inietek com

Tesl report number 102821857CRT-001
Project number 102821857311

%

B0 Corter i
flct Manage, Certhcation Tools
|

o compiered £ evaburicn o he.
i

Dscamber 22,2016

LEVITON |

[k Anher 22 Bown n the NEXT ecrmie below:

—
B--

| E—— .

| T J

B WA recoires e |
foruse i ks st o fleaton o siruchuad cabing systems. This rstrument nas

Ul CompasTt with e requinmants of ooy

Jayant performance in our s ublzing an Aglent £5071C J
) Lab tases confimesd axcallent cormeagon samwens e,
s for o rucuirad cortfication tost paramedars g by 3

"
- |
o A
ot e |
Birse
| S
| 18800 Panduil Drive  Tinley Park, IL 60487  P. 800-777-3300
Eronsontare

www.pandult.com




Manufacturer Endorsements

£ & :m. ]
m nurl-f infrastructure for a connected world | ;

.
. Pa n | l It December 22, 2016
Fluke Networks

6520 Seaway Boulevare
zzzzzzzzzzzzzzz

— “...pleased to endorse and — e
recommend the DSX-8000 Cable ~ =semsmimmar—=="="
Analyzer by Fluke Networks for AR
use in field-testing for PANDUIT’s e

copper connectivity solutions...” g gl
= Visit the DSX-8000 website fora = ..
current list of endorsements

C tester and the

World Headquarters U.S.A - 18000 Panduit Drive - Tinley Park, IL 80487 -° P: 800-777-3300
F.708-532-1811

www_panduit.com

Bics/
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http://www.flukenetworks.com/DSX

02/01/2017 06:51:14

cAamnI cnna

1. Channel:
M a n Ufa Ctu re r A 02/01/2017 06:49:31
NEXT 3.2RL4.3 =l = o201 652

CATI
| — 02/01/2017 06:53:06

Cat.8erm s not wallg= Sedes | o
M an U{a Ctu rer B \ 77777777 -‘ 1| - €D RETURN LOSS at Remote PASS
NEXT 5.6 RL 3.8

3. Mix & Match T Tl

Channel ==
NEXT 8.3 RL5.9

i 260 4(‘)0 650 560 10IDD 12‘00 1 ) Hzl
RETURN LOSS: 13.9dB
Ky @ v @
: Margin: 5.9dB
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N/

i Conclusio
BASIC TESTS
o Qualified instruments and
e personnel paired with an efficient
> work flow ensures ...
& = ... “Next Generation Readiness”

by extending the certification to
all parameters specified for a

7 cabling system

%T;: (] (] [ [

o = ... aprofitable certification of
é’nn Ié

twister pair cabling systems

DOCUMENTATION
O E)

D =
visit www.flukenetworks.com/versiv I CSI
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THANK YOU
FOR YOUR ATTENTION !

Questions?

For an animated PPT ... http://tiny.cc/kkm2017

Christian.Schillab@FlukeNetworks.com

Bics/
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