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1. Narrowband versus wideband
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1. Narrowband versus wideband
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2. Narrowband versus real life
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3. Wideband versus real life
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3. Wideband versus real life
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4. Real life REW 200 Hz
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4. Real life

T|me

Att 0 dB Auto

RBW 120 kHz

MT 1s PREAMP OFF

QPK 48.74 dBpV/m
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4. Real life

? Question: disturbance of uplink mobile phone at 887 MHz

RBW 120 kHz
Att 10 dB Auto MT 1s PREAMP ON
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Start 860.0 MHz
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Black = disturbing source on

Blue = disturbing source off
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4. Real life
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4. Real life

Spectral envelope data (Consider t, = t;)
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4. Real life
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4. Real life

What does it mean for your industrial installation?

1. 8KV

1 HH;IZ'.I{HH1 2 Can:1) J8KHz 188KH=z :rﬂeﬂ::ency 1.8HH=z 3.8HMHZz 18HHz
10 kHz, D=50% PWM tr = 100 ns
6,4 kHz 3,2 MHz

L1111}
UNIVERSITEITGENT (PSP

CAMPUS KORTRUK



Table 6 = NEXT for channel

5. Generic cable standards R
B 0,1< <1 25-151g(f)
. . c 1< /<16 39,1-16,41g(f)
International standards: (selection) e 21083—22[1]9(.1")} |
743 -151g(f) 94 —201g (/)
— |EC 11801-x: IT — Generic cabling for customer premises N B ik Lok J
Llnks and Channels F 1< f <600 -201g 10102.4_;(?!9(.;“)+2x10102.4_;glg(.f‘)] b

— |[EC 61156-x: Multicore and symmetrical pair/gquad cables for digital communications

— |IEC 61156-11: Multicore and symmetrical pair/quad cables for digital communications — — o
Part 11. Symmetrical single pair cables with transmission characteristics up to 600 MHz
— TIA 568: requirements for cables (including optical, coaxial, ...)
Performance tests for cable categories 3 to 7
Cat 5e 100 MHz 1 Gbps 100 m
Cat 6 250 MHz 1 Gbps (10 Gbhps) 100 m (55 m)
Cat 6A 500 MHz 10 Gbps 100 m
—_
% Cat 7 600 MHz 10 Gbps 100 m
UNIVERSITEIT GENT mg Cat 7a 1000 MHz 10 Gbps (40 Gbps) 100 m (50 m)
CAMPUS KORTRUK Cat 8.1 2000 MHz 25 Gbps 30m

Cat 8.2 2000 MHz 40 Gbps 30m



5. Generic cable standards

Mechanical Requirements
e Channels, permanent links,
cord, and connectors
e Pair assembly and color code
e Performance marking

— TIA 568: requirements for cables (including optical, coaxial, ...) o Reliabilty
_ _ Transmission Requirements .
— TIA-568-C.2: balanced twisted pair » Channels, permanent links,
cord, and connectors
Performance tests: e Return loss, insertion loss,

NEXT loss, PSNEXT loss,
FEXT loss, ACRF, PSACRF,
TCL, TCTL, ELTCTL, coupling
attenuation, propagation delay,
propagation delay skew,
PSANEXT loss, average
PSANEXT loss, PSAACRF, and
average PSAACRF

e DC loop resistance and DC
resistance unbalance

Mech anical M1 M2 _ M3

— TIA 568: requirements for cables (including optical, coaxial, ...) | | | |
_ _ ngress 1 2 3
— TIA-568-C.0: balanced twisted pair c.?maﬁc C o Cs
— Annex: Environmental conditions Electromagnetic = = =

Commerclal Lightindus fial ndus rial
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5. Generic cable standards

UNIVERSITEIT GENT

Electromagnetic E, E, E;
Electrostatic discharge — Contact
(0,667 uC) 4 kV 4 kV 4 kV
Electrostatic discharge — Air 8 KV 8 KV 8 KV

(0,132 puC)

Radiated RF - AM

3 V/m at (80 to
1 000 MH2z)

3 V/m at (1 400 to
2 000 MHz)

1 V/m at (2 000 to
2 700 MH2z)

3 V/m at (80 to
1 000 MHz)

3 V/m at (1 400 to
2 000 MH2z)

1 V/m at (2 000 to
2 700 MH2)

10 V/m at (80 to
1 000 MH2z)

3 V/m at (1 400 to
2 000 MHz)

1 V/m at (2 000 to
2 700 MHz)

Conducted RF

3V at 150kHz to 80MHz

3V at 150kHz to 80MHz

10 V at 150kHz to 80MHz

EFT/B (comms) 500 V 1 kV 1 kV
Slurge (tran3|e.nt grognd potential 500 V/ ey, oy
difference) - signal, line to earth

Magnetic Field (50/60 Hz) 1 Am™ 3 Am’ 30 Am”’
Magnetic Field e e e

(60 Hz to 20 000 Hz)

| LS

CAMPUS KORTRUK
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5. Generic cable standards

- EN50173: IT- Generic cabling systems
European standard based on IEC11801 and TIA568 with additional requirements

— EN 50288-1: Multi-element metallic cables used in analogue and digital communications and control

European standard comparable to IEC61156

HF testing

LF testing

EN 50288 series Parameter /m

sub-clause n° standard

5.1.1.1 Conductor loop resistance EN 50289-1-2
5.1.1.2 Conductor resistance unbalance EN 50289-1-2
5.1.1.3 Dielectric strength EN 50289-1-3
5.1.1.4 Insulation resistance EN 50289-1-4
5.1.1.5 Mutual capacitance EN 50289-1-5
5.1.1.6 Capacitance unbalance EN 50289-1-5
5.1.1.7 Inductance en 50289-1-12 — EN 50289-x
5.1.1.8 Inductance to resistance ratio \EN 50289-1 '12,A

EN 50288 series

Parameter

Test method

sub-clause n° standard
51.21 Velocity of propagation EN 50289-1-7
51.2.2 Propagation delay difference EN 50289-1-7
(skew)
5.1.2.3 Longitudinal attenuation EN 50289-1-8
5.1.2.4 Longitudinal conversion loss (LCL) EN 50289-1-9
5.1.2.5 Near-end crosstalk (NEXT) EN 50289-1-10
5.1.2.6 Equal Level Far-end crosstalk EN 50289-1-10
(ACR-F)"
51.2.7 Power sum (PS) of crosstalk loss EN 50289-1-10
5.1.2.8 Characteristic impedance EN 50289-1-11
51.2.9 Return loss EN 50289-1-11
5.1.2.10 Coupling attenuation EN 50289-1-6
5.1.2.11 Transfer impedance EN 50289-1-6
5.1.212 Screening attenuation EN 50289-1-6
5.1.2.13 Exogenous crosstalk prEN 50289-1-17

1 Equal Level Far-end crosstalk (ELFEXT) is now re-classified as ACR-F seel'/(nnex A
for explanation.




6. EMC testing

3 V/m at (80 to

3 V/m at (80 to

10 V/m at (80 to

1 000 MHz) 1 000 MHz) 1 000 MHz)
_ . . ] 3 V/m at (1 400 to 3 V/m at (1 400 to 3 V/m at (1 400 to
EN61000-4-3 Radiated RF - AM 2 000 MHz) 2 000 MHz) 2 000 MHz)
1 V/m at (2 000 to 1 V/m at (2 000 to 1 V/m at (2 000 to
2 700 MHz) 2 700 MHz) 2 700 MHz)
Uniform
field area

Field generating
antenna

XK

1 m or more of cable
~<_ exposed to the field

: Non-conducting
| table

CMAD (if used) only
for cable that leaves
the test setup.
See 7.3

Optional anechoic material to
reduce floor reflections

— Longer cables:
— Put low inductively
— Put far from other metallic parts and

conductors (shielding)

— 1 milluminated (\ /4 80 MHz)

— Continuous wave, narrow band

18



6. EMC testing

— EN61000-4-4

EFT/B (comms)

500 V

1 kV 1 kV
— Impuls, wide band
| 1,0 m, 1,0m U
/Pulse | 'k

\ '|

l\ I'I. \ \ l'\

LN A N AN .
200 ps at 5 kHz

EUT EUT < » 1/repetition frequency
10 us at 100 kHz
Capacitive U
coupling
AC mains supply clamp AC mains supply A/ Burst
- —_— < I
\—7&\ WF'_-:_——:
; ) /(’_"'r\\. \ I
0,1m 0,1m >
T A
Insulating | Insulating
support / Ground reference

Grounding connection according to /
the manufacturer's specification /

Length to be specified in the test plan

=

plane Support

Grounding connection according to
the manufacturer’s specification

Length to be specified in the test plan

To EFT/B generator

UNIVERSITEIT GENT

CAMPUS KORTRUK

IEC 646/12
CINLS U

| LS

15 ms
t5kH
a 2 Burst duration

0,75 ms
at 100 kHz

Burst period 300 ms
-

19



6. EMC testing

— EN61000-4-6

10 V at 150kHz to 80MHz

Conducted RF

3V at 150kHz to 80MHz

3 V at 150kHz to 80MHz

— Continuous wave, narrow band

h > 30 mm

0,Tm=sL=03m
_ «—— 12— - L >
L2 = 0,3 m where possible
-— [P
50 Q
50 0 EUT
T AE T
CDN R — N CDN
' 2 LA ) SIS -
o o o o e o fff/ffffffffﬁf/f o o s,
T2 f 0,1 m + 0,05 m support

Reference ground plane

0,1 m £+ 0,05 m support

UNIVERSITEIT GENT

Short earthing strap

CAMPUS KORTRUK
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IEC 2594/13

IN port

|
@ R
¢

H——",

YT Y TYT

EUT port

AE port
i Y'Y'Y‘Y'Y‘..

’—0
CDN for unscreened balanced cable (T2 — T8)

IN port

IEC 2628/13

{ EUT port

[ ]
FYYY Y Y I ! |
T !

AE port : L

'—I

IEC 2626/13

CDN for screened balanced cable (S1 — S8) 20
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/. Testing on industrial communication setup

« Large influence of setup:
« cable length
* bonding
* non constant coupling characteristic of clamp (location, coupling, small air gap)
* modulation (AM, FM)
* high power needed at some frequencies (linearity?)

 Influence of monitoring components

« Communication failure or system failure: corrupt messages or interference on the boards?

Conclusions:
 reproducibility of failure: difficult for PN (synchronisation?), ok for SPE

 |ot of open questions
71'm i [ [ |

|O-Controller Switch

f +
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8. Some results SROFINET
View In time domain

@ 172.16.111.31 (Agilent MSO6104A (MY44004647) Remote Front Panel) - VMNC Viewer — O X @ 172.16.111.31 (Agilent MSO6104A (MY44004647) Remote Front Panel) - VMNC Viewer — O X

g oy @ w00y B 000@ - #% 00s 50008/ Stop -9.38% g oy @ w00y B 000@ - #% 00s 50008/ Stop -8.75v

N LA/
m\[ U’\ /M ||\.||I u \/ﬁ\ { |t /i \ il t
\lj 1

}

PK-PK(2): 219mV | P-Pk(2): 272mV
R 2830 e b b ; PK-PK(T ) :va .

Save to file = scope_3 | Save to file = scope_9 |
Format &) Save to File Name J Settings J Press to J - Save J Recall J Default J Press to J Quick Print J
CSV data @/ usb0 ~f ~f Save ~f ~f Setup Save
— PROFINET without narrowband interference — PROFINET with narrowband interference
— Communication ok — Communication ok
—~

UNIVERSITEIT GENT | LS
23
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8. Some results SROFINET
View in time domain

“Nhan s | . bk 0
7754 LH 7754
2536 / \ //H\ ,f"l.H -~
el / W N T
S haimitiiypusaoan EHTIE
L
/ \, .
ST | EETT NI T R
— PROFINET with real interference (frequency inverter ringing due to long motor cable)
— Communication still on
T CINIY4.O
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8. Some results ROFINET
Monitoring

Incoming netload (per sec):

2T rate ™s N "t‘;’ Y Ccun

f --
— PROFINET cable 71m
— Interference 3 MHz E

— COmmunicatiOn Ok © 15:10:40 15:19:50 152000 152010 152020 1520-30 152040 15-20-5C
— No bus error Outgoing netload (per sec):

date rate ms | number of cumulated values: 100 | one measuring point complies with one secc

- - - - - - - - - - - - - - - ™
—
T |

UNIVERSITEITGENT (PSP e
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8. Some results SROFINET

Monitoring
=

Incoming netload (per sec):

e rate s mber

— PROFINET cable 71m
— Interference 25 MHz [
— Communication not ok: bus error 144810 144820 144830 144840 144850 144000 14:40:1C

Outgoing netload (per sec):

ate rate: 10 ms | number of cumulated v £S5 1UU 1 ONne measunng point

— 20.00 kB
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Communication ok
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Value Mean Min Max St Dev Count Info
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| Man

June 22, 2022
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ln oy

500MS/s

L W W
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Ild
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Il
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RL:1.0M
12:45:2

PROFINET

Connected (unencrypted) to: rssmc100a102779:0

RfSw»:ep ALC Autu

ilLA. st i_—“.‘..«

State On l

Mode Single v

Execute Single Sweep

Reset Sweep |

Start Freq | 1.000 000 000 [MHz =]

230 000 000 000 [MH7 ~| -
e PROFINE lepektor® NT R X @ PROFINET-INspektor® NT

C A Notsecure | 10.1

28.24.111/#status

Netload chart

Incoming netload (per sec):

e rate: 1 ms | number

Outgumg nctloao (per sec)

date rate g mber



Communication failure or system failure

File | Edit | Vertical | Digital | HorizZAcq | Tng | Display | Cursors | Measure | Mask | Math | MyScope | Analyze | Utilities | Help n Tek
82 Y
| -
BT e aad
1 +07' }— p—i —t—t i 6I]~ i f—i ~+—ij t t t—rp i 6——1
IS
pesseny | | !

WMHNHWMWW‘%N“”MMW\MMNM\NyMM’MM\,M

PR e M kP s e e R 0P T3 o L 2 0 I b AP N M e 50 sy A e o P VI B A Y

|
|
|
|
|
|

4 3

li.f l’ \ ( f r / !‘ . [ 3 2 /; " ,,‘ [ ot " ')f T 1 ! y “. I 2 f Iy A
| | . . J 4 [ | J ( ) |
(| 1. 1 I 1 {1 % AN AN J [ !
| 1 INININLINIEL | (1| | | |
\ . ‘ i | | ‘! | : l \ I ¥ \1‘ ’ \ [ \ |‘ | !‘ :
it , TENEERE { | | | | g |
| l 1 | ' | l | |
W f‘ !, (] 1P % . ‘ | ! : ‘ L
\ , ‘ | ‘ ' \ ‘ | | w | | \
.| | | \ | ‘ | ‘ | [ | ; | ;

} A 1L‘ "\" [“ I‘v e . ‘ '.7‘( ! \ L dl 1% ! ':.. lu 1'\' o VA‘ ' ‘l

| | .

. Q . . . — n
D 1.0V/div 500 T 1.0V 10ps  -699.2us-689.2us Q@ &» / 700.0mA || 200.0ps/div  S00MS/s 2.0ns/ |
& 1.0V/div CITol 5, 500M | @I 1.0V 1.0ps  -699.2us-689.2us Ready Auto Run Sample |
T 200.0mA/div Ul 5. 500M | T 200.0mA 699.2ps -689.2ps 1148 acqs RL:1.0M
@D 200.0mA/div LLLLed 5, 500M | T 200.0mA 699.2ps -689.2ps Man June 22, 2022 12:45:2

Value Mean Min Max St Dev Count Info
T Pk-Pk  [416.0mA |379.50869m (40.0m 1.088 3399m  [1.148k
@7 pPkPk  [400.0mA [368.61124m (32.0m 1.08 3432m  [1.148k
®@» pPk-Pk  |4.08V 24200582 |4000m (8.4 1.093 1.148k |
D pk-Pk*  [360.0mV [1.7825125 (360.0m 8.4 7739m  [1.148k

PROFINET

C Al

Netload chart

Incoming netload (per sec):

Outgoing netload (per sec):

Connected (unencrypted) to: rssmc100a102779:0

RfSweep, ALC-Auto

g ¢
A i "-1 e P

State
Mode X

Reset Sweep |
Start Freq I 1.000 000 000 MHz I

StonFrea | 230000 000 000 [MH7 |
6 PROFINE enalbtar® NT R X 6 PROFINET-INcspektor® NT R

10.128.24.111 /#stat




PROFINET Connected (unencrypted) to: rssmc100a102779:0

Communication ok

File | Edit | Vertical | Digital | HorizZAcq | Trig | Display = Cursors | Measure | Mask | Math | MyScope | Analyze | Utilities | Help n Tek ! ’

A Execute Single Sweep
]W Reset Sweep |
I Start Freq | 1.000 000 000 [MHz |

—— —

Y M Mok

\ | W .'Hm

i

I ™ ik bl ) “ e AL B o TR StonFrea [ 230 000 000 o0 IMH7 +1
uﬁ i \ | L I} :.‘|‘. J‘ } \ |M } | h‘ h " i) l |\] i "Isl |
r)r 1 “ !‘/ |rl\ U |"|J:L l ’lf" [ ll'” l‘1 1~ ,rh‘)l-tly[ | |I I ||“pl l 2 {] o J]"["'u f’ f".“ lﬂ;‘,‘ln’ !\h|};l|" OROFINET ktor® NT < @ PROFINET-INspektor® NTRe: X | @ PROFINET-INspektor® NT R
\ \‘ ' \' 'y "J‘ \ u l‘. v oy '\J‘
AR IR LARAAAAARNRA]
L | l iRl " dRig |‘ | | | | " Netload chart
Ur/" ‘ [ ‘ | | l } ' | | . J ‘ ; ’ I] {‘ ] } l\ |
| | | 1 ‘ | ‘ ! ‘1 ‘ | !A | |
Al | ‘ ‘ | | ‘ | | || || 1\ | ‘ | |\l | ! B [ | | “ ‘ Incoming netload (per sec):
A (I L | - . . | [ LU (| “ I | | 1 | (I 1.’ { e s M e e i g L
S F ¥R BEW O E & } L 'Y ¢ U R V 0 'F ¥ ¢ | [ . N t § \ ) |
j |
D 1.0V/div 500 T 1.0V 10ps  -699.2s-689.2ps @ E» / 700.0mA || 200.0ps/div S00MS/s 2.0ns/ |
&P 1.0V/div CITolE,:500M | @I 1.0V 10ps  -699.2us-689.2us \Armed Auto J| Run Sample |
AT 200.0mA/div Gl 5, 500M | T 200.0mA 699.2ps -689.2ps 1169 acqs RL:1.0M
‘ @TH 200.0mA/div (LU IR 5, 500M | 17 200.0mA -699.2ps -689.2ps Man June 22, 2022 12:45:4
| Value Mean Min Max St Dev Count Info
| Pk-Pk 592.0mA |(44262232m (40.0m 1.088 270.3m 1.169K Outgoing netload (per sec):
| @7 pkPk  [5680mA |42627327m [320m  1.08 269.9m  [1.169K Wpdete cate: Sk | meuriar of
®©&® PPk 272V 20437072 |4000m |84 1.328 [1.169k
| @ pk-Pk* [1.96V 14965048 (3600m |84 8249m  |1.169k




8. Some results

Time and frequency domain

Tek Prevu

M B.00ms

—

E»

B

Zoom Factor: SkX

Zoom Positi_on: —24.2ms

(@ 1.00vo @ 100vo

Value Mean mMin Max std

Peak—Peak 40.0mA  306m

& 200mAaQ €9 100mAQ ][21.00ps

40.0m 872m 393m

[ i

200 points
18 Aug 2022
09:46:07

Dev

@D Peak-Peak 1.84V 1.84 1.84 1.84 0.00

— PB PA cable 100 m, no interference, communication ok

UNIVERSITEIT GENT
CAMPUS KORTRUK

| LS

Amplitude [dB]

SPE

-
X 3606
6.9 -

2

g

6

8
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l! ’1111"“] NPT L 1 B T U TR T AURVRRL SO SN SRS DUR P RS S RN RPN B
10

Spectrum of signal (start and end)

12

14
><107
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8. Some results SPE

e domain
Ch1 Ch1
1F T T T | 1 T T -
3 S
S Or "
(®)]
S .05
(@]
\ > |
I | \ | | I I I I | [ ‘ ' ' | I I L]
0.08124 0.081242 0.081244 0.081246 0.081248 0.08125 0.081252 0.081254 0.081256 0.081258 0.08126 0.10598 0.105982 0.105984 0.105986 0.105988 0.10599 0.105992
Ch3 Ch3
I I T T T T I I I I | I [
1 | 1 _ |
< <
= - OH
& 0 &
5 002
-1 -
041
I | | I | I | | I | | 1 ! L | | L |
0.08124 0.081242 0.081244 0.081246 0.081248 0.08125 0.081252 0.081254 0.081256 0.081258 0.08126 0.105978 0.10598 0.105982 0-105984_ 0.105986 0.105988 0.10599 0.105992
time [s] time [s]

— PB PA cable 100 m, no interference, communication ok Intererence, communication not ok
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8. Some results

M 4.00ms

Time and frequency domain

]

] Zoom Factor: 10k

_Zoom Position: 2.84as

Zoom Factor: 10kX Zoom Position: 2.84as

— 86 dBuV,
communication
ok

¢—

.]..UU.VQ. T

500ma 2 500mA Q )

(@ 100v o & 10mae @ 100mAQ ][z 400ns ][SUOMS/_S ][ Aux L 15.0 v] value
value Mean Min Max std Dev 20M points Peak—Peak 1.92V
@D Peak—Peak 1.84V 1.45 200m 2.00 571m
18 Aug 2022 Peak—Peak 680mA
&P Peak—Peak 220maA 250m 220m 280m 42.4m 13:41:51

Mean Min
1.52 200m
655m 320m

Max
2.00

740m

5td Dev
534m

94.3m

—

X 1.8e+06
WY -41.87

[z 400ns

20M points

][soomszs ][ Aux L 15.0v]

1,8 MHz and 98 dBuV without modulation

18 Aug 2022
13:47:58

Impact of interference on 10BASE-T1L: PROFIBUS PA cable

X 1.8e+06
Y -29.39

40 H

-60

X 3.125e+07
Y -66.99

X 3.334e+07
Y -73.92

X 9e+06
Y -46.89

— 98 dBuVv,
communication ...
Y -46.61
not ok .

-80

=)
S

Amplitude [dB]

N

S
Amplitude [dB]

g

x]
(S}

-140

-140

-160

180 ! \ ! \

0 1 0.5 1 15 2 2.5
—

Frequéficy [Hz] %108
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0.5

Frequency [Hz]

25
x108

SPE
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Tek Run

M 4.00ms

Trig?

@'1.'00'\;:9'

500MS/s

' 500mA O ' 500mA )[z#onns — ][ s ][ AUX L '15'.0'v]
value Mean Min Max std Dev 20M points
&P Peak—Peak 480mv  1.44 200m 2.00 593m
D Peak—Peak 7850maA 646m 280m 780m 112m 13:51:16
Impact of interference on 10BASE-T1L: PROFIBUS PA cable
X 1.8e+06 1,8 MHz and 100 dBpV without modulation
Y -24.63 [ ‘ [ : [ .
X 3.6e+06
“ .Y-42.7 |
40 _

Amplitude [dB]

-160 [—

-180

1 2 3 4 5 6 7
Frequency [Hz]
—_

UNIVERSITEIT GENT
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x107

— 1,8 MHz,
100 dBuVv,
device
failure

— 50 MHz
Interference,
98 dBuV,
communicat
lon ok

Tek Run

(44

M 4.00ms

Trig?

Zoom Factor: 10kX

Zoom Position: 2.84as

TR RRRERLRRARG
rresren

1.00V ©

500mMA @ 500mAQ ) -

Value Mean Min Max Std Dev | : : : :
@D Peak—Peak 3.76V 2.22 560m 5.76 606m PN S I S S S
‘[Z400ns ][soor\nsxs ][ Aux L 15.0\;]
@D Peak—Peak 400mA  797m 60.0m  1.06 218m 20M points
Couplin Termination Invert P
pling Bandwidth & Label

1Mz |500 Oon

Rej

Full

- 18 Aug 2022
More 15:40:56

SPE
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Amplitude [dB]

Amplitude [dB]

Ch1 (17) - CH1 (19) — Influence of litze between setups:

Red = with litze
l - higher shield current

10 > ” - higher interference at lower frequencies,

x10’ but equal at higher frequencies

Ch3 - Shield current (17) - (19) . ) )
| ' - communication iIs ok

Blue = without litze
- lower shield current
- lower interference at lower frequencies

8 10 12 14 L
107 - communication is not ok

| |
2 4 6
Frequency [HZz]

Conclusion: shield current should flow to oppose

the interference

I
34
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Same setup 100 m cable

CAT6a (blue) versus PB PA (red)

Shield current 3 to 10 dB higher

iIn PB PA

Interference 20 dB lower In

CAT6A

UNIVERSITEIT GENT
CAMPUS KORTRUK

| LS

FFT of chosen channels
Ch1 (7)- Ch1 (12)

0 i l I

Amplitude [dB]

_200 | | | |
0 0.5 1 1.5 2 2.5
x10°
X Ch3 - Shield current (7) - (12)
I l
-50 B

Amplitude [dB]

-200 | | | |
0 0.5 1 1.5 2 2.5

Frequency [Hz] 108
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O. More results?

Visit us at the demo
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