T e Optimized test regimes and workflows for the
’ certification and troubleshooting of an cabling
infrastructure found in today’s data centres

o Maximize ...
Protect s Christian Schillab
EMEA Marketing Engineer / FlukeNetworks
Christian.Schillab@FlukeNetworks.com
“““ &2

Bicsi

BICSI UK 2017 V1.0 (C) FlukeNetworks 1




= What makes testing in the data centre different
from testing cabling in the commercial building ?

= Adapted fiber test regimes for the data centre
= Adapter copper test regimes for the data centre

a
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Data Centre vs. Commercial Building Cabling Infrastructure

Differences Affect Test Regimes

Testing time
Larger number of links Consolidation
Labeling / ID Mgmt.

Bicsi
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800+ Installers VOCs:

Top eight problems (hours wasted)

WRONG COPPER LIMIT NEGATIVELOSS  |2.8|F
INCORRECT CABLE IDS TROUBLESHOOT COPPER |2.7/

CONSOLIDATING RESULTS '

- LT ] — Y T Ly

;
; SETTING UP COPPER TEST|2.9
1

EVALUATING OTDR TRACE

e T

WRONG FIBER LIMIT

Average amongst all respondents in the previous 30 days ——

) BIicsi



Top eight problems:

Wrong Configuration (Limit, IDs, Standard,

WRONG COPPERLIMIT |4.3f  NecATIVELOss 2.8/

!

INCORRECT CABLE IDS  |3.2ff TROUBLESHOOT COPPER (2.7 ¥

' CONSOLIDATING RESULTS |3.1 1

‘ WRONG FIBER LIMIT

Average amongst all respondents in the previous 30 days —~
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Step 1: Project Definition

Create Monitor &
ProjX ™ Document

BASIC Tests EXT no Dot na J «
Tests 2 Endf.
all or all .

Inspect e @ Grade
& C‘I)ean ' SAREIR e Sk End faces

1 M

é Trouble Shoot
R
B ] m
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Project Definition

= Limits, Cable Types, Cable ID are best known by the
planner/project-manager

= New relaxed ISO limits do not reflect what is possible and/or
needed to be future ready 2>

f- Limits
e (Cables
e (CablelID
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ID Lists .... Sources

AutoCAD

NETDOC®
CABLE MANAGEMENT SOFTWARE
] s
oy

Microsoft
X Excel

Limits
Cables

Cable ID
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Data Centre vs. Commercial Building Cabling Infrastructure

Differences affecting test regimes

Testing time
Larger number of links Consolidation
Labeling / ID Mgmt.

Larger share of fiber
VS. copper

. France 25M
— . Germany 61M$ . UK 58M5: “ ’
34%

Value Value Value

53% ‘
57%

7 2 \ ’ ‘
“ N -
N ~
_— ~ N . _ﬂ_/
= A — - - — s

— .
Source: BSRIA 2015 u Cu Cable ® Cu Connectivity e -4
¥ Fibre Cable Fibre Connectivity ICSI
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Data Centre vs. Commercial Building Cabling Infrastructure

Differences affecting test regimes

Testing time
Larger number of links Consolidation
Labeling / ID Mgmt.

Larger share of fiber
VS. copper

“Zoned” Data Centers

Little room for

Low channel loss budgets
measurement error

Low loss connectors

-

Bicsi
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Testing —

“Zoned” Data Centers

= After the installation only the links can be tested

= The “Patched Channel” is configured by the network user during the operational
phase

Total Budget: 0= 2.6dB or
A0 1006 1.5dB (0m4...150m) / 1.9dB (0M3...100)

Budget #1 Budget #2 Budget #3

- ol W~ -8 W oW -
e Nl VW el
NNV V4

OP—xp—o—— = | —,

.'O
There is very little room for error ! o CSI
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Step 2: Inspect & Clean Fibers

Create
Projx ™

BASIC Tests EXT. no

Tests
OO
& Clean I m

\/

4

all or

EXTENDED Tests

Trouble Shoot

- ...Optional / Conditional Testing
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Monitor &
Document
V —
J =
Doc no J

Endﬁ

all

Grade
End faces



Dirt will transfer

FiberInspector Connected FiberInspector

A B
Connected Connected

2ottt

T S TR

ANALYZE ANALYZE

ANALYZE

Conclusion: Clean measurement cord after every mating

) Bicsi
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= Prevent dirt from causing poor/incorrect Test
Results

= Prevent dirt from spreading

= Prevent abrasive dust on test cords damaging
ports

= Prevent abrasive dust on ports from damaging
valuable test cords

G ——

) Bicsi
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Step 3: BASIC Tests

Tier 1 Tier 2
BASIC EXTENDED

Create Monitor &
ProjX ™ Document

' =
BASIC Tests EXT. no Doc. no V

Tests s Endf.
all or all
Inspect e @ Grade
& C‘I)ean — Q| m SRUEE PR T End faces

4

BICSI
- ...Optional / Conditional Testing
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Being certain of loss uncertainty

Power Meter Light Source
Performance Performance
Q
D
[ =
(©
4
ph—
Cc
20
(V)
Encircled Flux
and
1-Jumper Reference Test Reference
Cords
o
.m

) BICSi
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A wizard guides through
the correct process

TRC verification stored as |

Set Reference &
TRC verification

part of project

A TRC verification test

should be run with regular

intervals

BICSI UK 2017 V1.0

(C) FlukeNfgtwor

10/07/2015 7:32:24 am
€3 PROJECT

Results 10/07/2015 - 10/07/2015

Test Setup NEW TEST

CertiFiber Pro - Quad

Smart Remote
OM3 Multimode 50 >
*WEBEX-MPO-LL*

Cable ID Sets NEW ID SET

e .
“

CHANGE PROJECT TRANSFER MANAGE

VERSIV — u




Why was the EF STANDARD NEEDED ?

Mandrel

LC || LC

LC

= Different light sources may have different launch
conditions

= A EF compliant source reduces the error from 50% to 10%

BICSI UK 2017 V1.0 (C) FlukeNetworks 18



Encircled Flux

Why ?

FHow ?

Normative Requirement

ANSI/TIA-526-14-B

ISO 1180 > ISO/IEC 14763-3 Ed.1 62

EN 50173 = |IEC IEC 61280-4-2

BICSI UK 2017 V1.0

(C) FlukeNetworks
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If BASIC Tests

Step 3B: Trouble Shoot

=
ﬁ BASIC Tests EXT. no Doc no v

Tests 2 Endf.
all or all
e @ EXTENDED Tests Grade

End faces

@
& Clean I m

- ...Optional / Conditional Testing
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800+ Installers VOCs:

Top eight problems (hours wasted)

| wrono coppeRLmT (43|  NeoaTvELoss (28
| INCORRECT CABLE DS m] TROUBLESHOOT COPPER
| CONSOLIDATING RESULTS (3.1

|
l SETTING UP COPPER TEST|2.9

L |
) EVALUATING OTDR TRACE |2.9 -

| | |

| WRONGFIBERLIMIT 2.8 "

| e — )

) BIicsi

]
|
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OTDRs are not only

for “Gurus”

= Event Maps simplify
the presentation

= Qverall (Link) limits
complement
component limits

= lLaunch & Tail fibers
are automatically
excluded

BICSI UK 2017 V1.0

(C) FlukeNefworks

™

FLUKE
networks

== §:0
€7D vsM-003-A
EventMap

1

107.48 m

« Loss: 0.40 dB

106.85 m

. 2 m Fiber Type: OM3 Multimode 50
Test Limit: ISO/IEC 14763-3:2014

«/ Fiber Length: 51.35m
« Overall Loss: 0.77 dB

ﬁ
VERSIV —_

2015-10-06 08:49:18 ‘u
PASS

TRACE

Tail
at51.35m




Step 4: Extended Test

Create Monitor &
Projx ™ Document

 —
ﬁ BASIC Tests EXT. . no Doc. ™ no

(i

Tests 2 Endf..
all or all
Inspect e @ Grade
& C‘I)ean i SAREIR e Sk End faces
1 M
Trouble Shoot
R

& »
- ...Optional / Conditional Testing B’ CS i
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Why EXTENDED Testing ?

= |dentify, locate and eliminate unnecessary

bottlenecks in otherwise compliant links =
€D Reflectance limit set FAIL

— Further increase performance margin

EventMap TABLE TRACE
q/ Fiber Length: 51.63 m

= |dentify connectors with excessive

i Overall Loss: 0.94 dB
reflectance
= Document the state of the installation :
||

= Bi-Directional testing and
averaging is essential

107.20 m

Fiber Type: OM3 Multimode 50
Test Limit: *ANSI/TIA-568-C RL -35 dB*

- !

-

Bicsi
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Testing with a SMART Loop

= >9outof 10 OTDR tests are
performed incorrectly. The list of
reasons is long

— No Bi-Directional test and/or
averaging

— No tail fiber

— Incorrect handling of launch and
tail fiber

— Adaption with hybrid cords Fiber A ID:

— etc. i—
= A SMART Loop concepts forces
the user to perform the test
correctly ‘ l

= Multiple remote loops support
operation by 1 technician
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ACCELERATED EXTENDED Testing

with a SMART Loop

Launch Fiber

Phase #1: End 1 @ F—

Fiber A .
Fiber B

EEEMEEII[E: BT hrEr: @
Fiber A
Fiber B .

Launch Fiber

Tail Fiber

Phase #2:

= A built in experts verifies the integrity of the test setup
" The testing time reduced by > 50% '

Bicsi
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Internal Bi-Directional Averaging

Launch Fiber

(. 04/27/2016 1:29:11 pm

O PASS
TRACE
Ta Fber O «/ Fiber Length: 51.18 m

Tail Fiber i Overall Loss: 0.10 dB

Phase #2: @ X 104.08 m
- s j? Tail
- @ at51.18 m

o

e

Launch Fiber

« Loss: -0.20 dB

Fiber A

Bi-directional
Fiber B

Fiber Type: OM4 Multimode 50
Test Limit: *FNET MM*
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Step 5: Fiber End Face Grading

& Documentation

Create Monitor &
ProjX ™ Document

; =
ﬁ BASIC Tests EXT. no Doc no v

Tests L Endf.
Inspect e @
& Clean

N Ql m

all or all

Grade

EXTENDED Tests End faces

\/

Trouble Shoot

- ...Optional / Conditional Testing
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Grade & Document

= Without inspection equipment, you will never [[&=
know if the connector is clean or not ' % | FAIL

Connected

= Even with inspection equipment, there -
are arguments as to what is acceptable &
for a fiber connector

= |EC 61300-3-35 defines levels of
acceptable scratches and debris on the
end faces of fiber connectors

= Automated field inspection is
something to consider

" Images can be stored and made part of the
documentation

SCALE OFF

-

Bicsi
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Fiber Testing Best Practices

Create Monitor &
Document

Projx ™

a BASIC Tests EXT. no Doc. no
Tests ; Endf.

all .

all or

[=_J. 5
REFERENZ SETZEN

T
. E.‘E.Egm?;:"" 2/FP/A0.../301-07
. - 'V Grade
EXTENDED Tests End faces

Inspect
& Clean 2N

Der empfahlene Grenzwert
8.

liegt bai 0,15
2 Fiber Length: 50,55 m

Ecae
waw Overall Loss: 0,33 dB
(m) LOSS REFLECT TYPE
104,00 m
PRU i
15455 WA 1530 End
Launch r U
840,00 m 5055 044 5497 Tal ¥4
sassm o/ Loe 02008 000 023 5161 lawnch  off
e o

>

— Trouble Shoot

TRACE

. 3 iber Length: 344.6 ft
2 Fiber Length: 50,55 m 2 Fi
Overall Loss: 0,32 dB X Overall Loss:
H21n
301 m
Launch i
ato,00m wman) ||
s055m + Loss: -0,20 4B :
17148
10437 m e

Fiber Type: OV3 Huimado 50 Fiber Type: OH Mifimode 53
% Test Limit: 150/ 149633

iy
Y W -
m m —

...Optional / Conditional Testing
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Data Centre vs. Commercial Building Cabling Infrastructure

Differences affecting test regimes

Testing time
Consolidation
Labeling

Larger number of links

Larger share of fiber vs. copper

“Zoned” Data Centers )
Little room for

Low channel loss budgets
measurement error

Low loss connectors

Copper testing in the Data Centre

10GBASE-T / Cat.6, dominant

An Extended Test Regime
is beneficial

Shielded systems :

Future Cat.8 systems

Bicsi
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Step 1A: Basic (Minimum) Test Regime

Create BASIC Tests Monitor &
ProjX ™ Document
ﬁ ‘ Trouble Shoot 5

0000
gl |11

EXTENDED Tests

EXT. L
Tests

yes

- ...Optional / Conditional Testing < o°

Bicsi
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Test Interfaces & Reference Planes




What Limits The Bandwidth more

... Connectors or Cable ?

CHANNEL

Example: 30m Link

= Insertion Loss (IL)

100MHz 500Mhz

= Near End Cross Talk (NEXT) ‘J .,

«Aninch at either end affects results noticeable

Blcs
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What makes a Cat.5e, -.6, -.6A, .-8.1 Connector work

s[5 | B

NEXT: 37dB ...14mV

ﬂ 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
G

Bicsi
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omparing

For the permanent link test configurations. the length of the cable between the mogular connectar
and the nlug meting with the ink under test should be 45 mm (1.7 in) maximi n. The instrumert
connactor should ba a type that mates diraatly with the high quality measuremunt port of the fielé

tester as shown in figure 15 Some methods used by field testers (r permanent fink
mersurements fely on special calibratian factors that are associated to a wanufacturer's link
adapter {patch cord]. The permanent link compensation can be renderecimvalid if the fink
adapter is physically modified or & test is run without valid calibraton factors | Contact the figld

{ester manufssturer for any spevil precautions
es u s Instrument apply Doy Mocular
cannestar test header connector ﬁZ—- . \ connector

-~

mating connector test header b

ot
A5 mm (1.7 inbor less
ure 15 - Special patch cord for permanent link test comparison

]
s

i

Erlan]

SOMIBY

POOV id-XSd
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Permanent Link Adapter with a “CENTERED” Test Plug

for the ,,Heavy Duty Field Use”

Wopr— TR Consumable

N ’w -
o4 , % i Jupiter |8 e =
VIE 01 [ =
o ": ji c ) - ‘ E—

Jupiter: : :
VIE 01 3

Test Plug Test Plug Test Plug

Adapter Interface “Centered PIug’

(proprietary) ]

BICS]
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Step 1B: Extended Test Regime

Create BASIC Tests Monitor &
Projx ™ Document
Q ‘ Trouble Shoot 5

0000
gl |11

EXTENDED Tests

EXT. L
Tests

yes

. ...Optional / Conditional Testing G

Bicsi
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Why EXTENDED Testing ?

Copper Certification to ISO/IEC 11801
Reference Conformance Installation Conformance
Testing Testing
Wire Map v v
Length v
Propagation Delay v v
Delay Skew v v
DC Loop Resistance v v
DC Resistance Unbalance v
Insertion Loss v v
NEXT, PS NEXT v v
Return Loss v v
ACR-N, PS ACR-N v v
ACR-F, PS ACR-F v v
TCL, ELTCTL v
PS ANEXT, PS AACR-F" v v

1) Class Ex only

DICS]
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Why EXTENDED Testing ?

Copper Certification
ADVANCING GLOBAL COMMUNICATIONS ANSI/TIA-568-C.2 ANSI/TIA-1152
(Cabling System) (Minimum Field Test)

Wire Map v v
Length v v
Propagation Delay v v
Delay Skew v v
DC Loop Resistance v

DC Resistance Unbalance v

Insertion Loss v v
NEXT, PS NEXT v v
Return Loss v v
ACR-F, PS ACR-F v v
TCL, ELTCTL v

PS ANEXT, PS AACR-F " v v

1) Category 6A only

BICSI
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WHAT IF ...

TCL / ELTCTL is N d";';:\ R ’?
not compliant L\ o

Bicsi
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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

Bicsi
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Mode Conversion — Real World Example

GOOD vs Drum of Cable

18km cable of identical type was installed
30% of the links don’t carry 1000BASE-T

Drum #1 L 4 * @

. ITes | Tests |
In | Inzertion Loss 26.2dB A Ing | Insertion Loss JBEAE A
Kl | MEXT 8.4 dB ME| | NE=T £.9dB
pi | PS MEXT a2 dB PS5 | PS WEXT 7.5 de
Al | ACRHM 18.1 4B AT | ACR-M 233 de
Fi | PSACRM 18.04dB Ps| | PS ACR-M 231de
Al | ACRF 20.2 dB AC| | ACR-F 173 dB
Pi | PSACRF EI:I B dE PS| | PS ACRF % 19.4 dB
Rl | AL RL| | BL Bri-eE,
Ld | TCL Let | TCL 57 dB
Pr | CMEL Prg | CMRAL
[ e | TCL - (PL-L13) RESIEE De | COMEXT
Fel | ELTCTL 21.9d8
Wil | Length 22.2m
; Prop. Delay 102 ng
: Delap Skew 2ns
Resiztance 3.4 Dhms 3
£ >
10 1o 10

MHz

BICSI UK 2017 V1.0 (C) FlukeNetworks 43



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

Bicsi
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Resistance Unbalance

Difference in Resistance between wires in the pair

= Esy
Exa m ple: 1 87 Q €7D Result not saved
. ./ RESISﬁANCE
RESISTANCE UNBALANCE
VALUE VALUE LIMIT
1 1 Q Q Q
2 2 2 3.7 0.02 0.15
3.7 0.02 0.15
3.7 0.01 0.15
1.85 Q

0.01 0.15

Resistance=3.7 Q
Resistance Unbalance = 0.02 Q

21.0
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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

Shield Integrity is (% ’
not given ; s
SE—
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Shield Integrity

... Opinions

Opinion B:

Opinion A:

1.) Experiments Requirements
prove it (both for 10GBASE-T

opinions) are not met if
the shield is
open (floating)

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

2.) The EMI gets
significantly
worse

Bicsi
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Shield Integrity

Shield not connected

In The Past: Grounding Bar
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 BiCS[
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Let’s test a UTP cable
between shielded patch panels...

1 1
2 2
3 3
6 6
4 4
5 5
7 7
B8 B8

Only 1 tester will detect the lack of a shield

NOTE: In special applications it may be
essential to verify that the shield is open
on a defined end

Next ID:
3
FIX LATER 0 TEST AGAIN

BICSI UK 2017 V1.0 (C) FlukeNetworks



For this high end cable
the Alien Crosstalk is
below the testers
significance level

The same cable show a
> 20dB worse Alien
Crosstalk

A major portion of the
EMI (Electromagnetic
Immunity) was lost

BICSI UK 2017 V1.0

Example Alien Crosstalk:

Shield Open / Connected

[—— Limit rage Limit |
O T S e T
90 =
80 -
70 +
L ]
B0 Thi A o
v |
30
20 1 —
10 3 o]
0] : : : : | + : | : + | : t | :
0 100 200 300 400 500
MHz
SHIELD OPEN PS AACRF
P 12 —— Pair 36 —— Pair45 —— Pair78 —— Averag —— Limit
g e Limit

t I t t I t
300 400

t I t
200

MHz

(C) FlukeNetworks
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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 m
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Standards Compliant Cat.8 Field Testing...

- 3633 US Routa 1
Corland, NY 13045
Intertek

" Standards defined requirements
for field testers

IEST:

Performance iesting of telecommunication cabiing fieid tester measurement accuracy to Level 2G, as
defined in ANSITIA-1 152-A, suitable for Category 8 cabling testing also includi
nuf endorse d e
Manutacturer ’

ng optional resistance

ANSITIA-1152-A, Requirements for Field Test Instruments and Measurements for Balanced Twisted-Pair
Cabiing, published November 2016
Field Testers

SECTIONS USED:
===U0NS USED:

The testing was pedformad in aces ‘g seclions of ANSITIA-568-C 2.
*  Section 4.4: Fiald tester measuremant aceuracy requirements
*  Section 4R foman-.

= Testing Cat.8 links is no more s Sl

IPANDUIT s comsons
The project was.a i

ordance with the fallowin,

number Qu-0074¢ December 22, 2016 I
DATES ~=——
- ]
! LEVITON
complex the Cat.6, IS .
g e s S S 115 CBtarned acth e
1/2017 06:51:52 e o
= P 02/01/2017 06:51:14 [l =k © 02/01/ g
% pamcon PASS [l €72 nexratmain eAS | b
SAMPLI R
! = o fhe
R O —— ‘orusa ek et or oo i caing s
SR i b B
»
LENGTH . )
[ ResisTance | L
INSERTION LOSS
RETURN LOSS

87 P o0777-3300
A 18600 P Orive ik Pk, L 604
s o 108321814

www.pandult.com

. V i i
a0l O o%0 1000 1200 1400 1600 (MHz)

NEXT: 34.1dB @ PAIR @
...

REMOTE WORST VALUE

52
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Step 6: Project Monitoring

& Documentation

Create Monitor &
ProjX ™ Document

 —
BASIC Tests EXT no Boc o «

Tests 2 Endf.

@
& Clean I m

3

all or all

Grade

EXTENDED Tests End faces

Trouble Shoot

. ...Optional / Conditional Testing
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Monitoring &
Documenation

Progress
Results
Unexpected

BICSI UK 2017 V1.0
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LINKWARE "PC v
Cable 10: RO1-C01.0018(1:8) Test Summary: PASS
092013 DSIEIFFM A Backscter Costcant 73500 (1710 rmp

o e e

Documentation N ——

E Thencince: 110

Lo 1T,
st 8

Thenetunce: 5227

. LINKWARE “PC
a - A TEST HANAGEENT Sormase
S:Eble 1D: mC01D~20|Bl!c'a) o 310 r‘:zt Sur;:nnﬂry: PDASS
Grade Time: 1616 4670 (1310 ) Backscattor Coctcient 79508 {1310 nm)
EXTENDED Tests Enliiecas PASS Cable Type 0S1 Smglemode a 1560 nm) ‘Backscater Coeficient. -82 0d
S g
| 2.2 ek 0 ek B OTDR End1 PASS
e LT
gL v
=TT = aose
Tt >
P =
e =T w=r =i
prp——
wm
d ane
- H
e
I | ] som | _ume
3 EE T o
me e | o3 | 5w | vm s | [ o |
R FN T e T £ |
Frofct FI-GROUR FREF .
@ Lz S
caniE .-rrm_\mmm SorTvaRe
Cable ID: LETH Test Summary: PASS
L Date | Time: TEEEE 114507 A SpemrALTER Model: DSX-5000
. (NEXT 12-38) Version: V4.3 Buld & Main SiN; 2436001
LINKWARE"PC e ) e Remoee 3N: 2437250
CABLE TEST MANAGEMENT SOFTWARE Cable Type: Cat & ULTE NP 53.0% Main Adapter: DEX-PLALDS
Caltbration Date- 131142015
Cahle ID: R01-C01-001B(M-B) h" Test Summary: PASS
n= 140 Backscatter Coefficient -79.5d8 (1310 nm) P ==
e Type. 081 Sovgarmc Backscatter Coeffcient -820dB (1550 =), LImE 50
= "l s st Frop. Defay (rs), Limit 458 &1 m -
- - —-—— - 2sayaken ® z |1 |
“EndfaceThage E? & N N e s Lma 21 =3
Pt Resist Unbat. ohma) 0os | e e T
Ovartor 30N DOF. " Ukl b ooz e -
| SR o 1~
Endface Image End2 nsertion Loss Margin (0) -
| rorcraoeo Frequency (MHz) =
I Dot/ Tme: UOIIENY 022938 AN Ut (=) N
8
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Conclusio

o Qualified instruments and personnel paired
with an efficient work flow ensures ...

“Next Generation Readiness” by maximizing
performance margins

o ensures a profitable certification of fiber optic or
copper cabling systems
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Questions?

Christian.Schillab@FlukeNetworks.com
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