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Impulse Noise Measurements on Cables AN

AHEAD OF WHAT'S POSSIBLE™

Electrical Fast Transients (EFT) Test

= Testsetup
= Correlation with oscilloscope
= Some |learnings

Fieldbus APL Cable

= 2 different cables
= Experiments with screw terminal connectors

CAT cables

= Catb/ Catb / CatbA
= Experiment with connector

EFT noise vs. slicer thresholds

Summary
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Electrical Fast Transients (EFT) Test ANMLOG
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Test Setup ANANS

AHEAD OF WHAT'S POSSIBLE™

Y% Pulse HX1260NL 2x SP4020-01FTG

N EFT Clamp (L00BASE-Tx) 2.5pF @ OV, lMHz

) _ B “.--.,..“‘.--.,..“‘.--....“‘.--....“‘.--....“‘.--.,..0 I (
seet, o o oo oo oo Rt
M R A e LT TTT LA L PP AL P Y
L 4 O | ]

150Msps /+ § J_ Shield 750 é J_ % 150Msps
0.001uF 0.1uF

N ;E{N\_l )g _ _ & %Local Battery _|_
_%: |—T Earth Ground plane ,J7 o.oolF' Ground gﬁgpelfy T
3000V

EFT PULSE
GENERATOR

Electrical Fast Transient (EFT) Test
Specified in IEC61000-4-4
Voltage 1kV

= We used only positive pulses

Frequency 100kHz
Burst 750us
Repetition 300ms
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Test Setup - Check Signal - Transmit / Receive > Bey

% Pulse HX1260NL 2x SP4020-01FTG
(100BASE-Tx) 2.5pF @OV, IMHz  50Q
"'\ Cable /"'
p ’\N“I SN N o s i IJ\N —
150Msps /+ J_ Sh|e|d Differential 75Q % J_ é +\ 150Msps
Aoc > Oscilloscope s000v - 0L &
_ p 3000V _
- Probe LG .
. N
e . & Local Battery —1__
Earth Ground plane + 0_001% Ground  Power T
3000V Y ;
Tekfronix
Assumed slicer thresholds at PAM3 1Vpp
(+0.25V, —0.25V) _
Signal PAM3 75Msym./sec, 1Vpp
1.5
1.0
0.5
" Jo Y _q_ AN\ I L LA _ ] -L-\l___ N__ - A
S 0.0
> ________ 1 - = ==\ - === - - ==X/ -~""\-"-")y/"=-"=-"=y--=-- _‘____
-0.5
-1.0
-1.5
7.8 7.9 8 8.1 8.2 8.3 8.4 8.5 8.6 8.7 8.8

uSeconds
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Test Setup - Check EFT (reduced to 200V) > Bl

Differential Probe

1 Pulse HX1260NL 2x SP4020-01FTG
(100BASE-Tx) 2.5pF @ OV, IMHz ~ 50Q

SEATSSEC

Cable '

sumay
(SRS Tegtt
s, e
O g st e
i Tuans Tuans

X
X
. ,'
0
S,
A
X
S

75Q

150Msps = $ % J_ - é +\ 150Msps
ADC > <J\ EFT PULSE 2600001\;”: 0.1uF /C> < ADC
N GENERATOR - -
47MQ
)5 _ . & % — Battery —1_
Earth Ground plane s 0.001TLF| e power T
3000V V

Setup check, short fieldbus Cable, EFT reduced to 200V
1.5
1.0
0.5
0.0
-0.5
-1.0
-1.5

Volts

7.8 7.9 8 8.1 8.2 8.3 8.4 8.5 8.6 8.7 8.8
uSeconds
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Some Common (Sense) Learnings s
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Fieldbus/ APL Cable e
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Fieldbus / APL Cable s
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EFT 1kV, Belden 74040NH, 3m
1.5

1.0

Belden 74040NH o [ \ l [ \
"DataTuff Ind SPE 1km10Mb’ o5 | I I I |

AWG18 1.0

-1.5
0 10 20 30 40 50

uSeconds

\Volts

EFT 1kV, Belden 74040NH, 3m
15

1.0
0.5
0.0
-0.5
-1.0

-1.5
7.8 7.9 8 8.1 8.2 8.3 8.4 8.5 8.6 8.7 8.8

uSeconds

\Volts

Analog Devices Inc., IEEE802.3dg Task Force, March 2024



Fieldbus/ APL Cable 2 e
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Fieldbus / APL Cable 2 e
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EFT 1kV, SIMATIC 6XV1836G5AH10, 3m
1.500

1.000

SIMATIC 6XV1830-5AH10 . | | | | |
“Process Cable GP/ Ethernet-APL cable” 10.500 | [ | [ [

AWG18 1.000

-1.500
0 10 20 30 40 50

uSeconds

\olts

EFT 1kV, SIMATIC 6XV1836G5AH10, 3m
1.5

1.0
0.5
0.0 —\/\A/\I\/\'\W
-0.5

-1.0

-1.5
7.8 7.9 8 8.1 8.2 8.3 8.4 8.5 8.6 8.7 8.8

uSeconds

\Volts

n
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Fieldbus / APL Cable 2 - Connector Experiments AN
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Sl MAT'C 6XV]830_5AH‘|0 (AWG18) . EFT 1kV, SIMATIC 6XV18335AH10, 3m, 4-pin Connector

4-pin connector Lo

= To make parasitic coupling more balanced 05
"125% ? 0.0 ——,/\AN\/J\MM

\Volts

-0.5
-1.0

-1.5
7.8 7.9 8 8.1 8.2 8.3 8.4 8.5 8.6 8.7 8.8

uSeconds

EFT 1kV, SIMATIC 6XV18305AH10, 3m, 4-pin & foil connector
1.5

1.0
0.5
0.0 ‘*““"\/\ﬁd\v”“‘***"
-0.5

-1.0

-1.5
7.8 7.9 8 8.1 8.2 8.3 8.4 8.5 8.6 8.7 8.8

uSeconds

g 2i2ovz add "d%3 q1u=-3svaeel

ol ® ;
-21 ! b

\Volts
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Fieldbus / APL Cable 2 - Connector Experiments BRS
SIMATIC 6XV1830-5AH10 (AWG18) EFT 1kV, SIMATIC 6XV1830G5AH10, 3m, 4-pin conn. & more foil
15
4-pin connector Lo
Completely wrapped in conductive copper 0.5
foil, near side: 2 00 | | | | |
g ] [ j J {
- = - -0.5
a‘:;::va Qo4 d=3 ::}:ij:m" iy | - o - 1.0
i.‘ *“(‘1‘:'__________‘3:._‘ .. = .; B & - -“lr ‘.,_-_., 2 -1.5 . o 20 20 20 50
-l I n &5} ' E _;.-' < uSeconds
EFT 1kV, SIMATIC 6XV18335AH10, 3m, 4-pin conn. & more foll
15
1.0
0.5
g 0.0 —/\/\/’\/W
-0.5
1.0
1.5
7.8 7.9 8 8.1 8.2 8.3 8.4 8.5 8.6 8.7 8.8
uSeconds
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CATh Cable e
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EFT 1kV, Cat.5 SF/UTP 4x2xAWG26, 5m
15

1.0
0.5 l
|
0.0 r l l ! !

(Beckhoff) ZK1090-9191-0050
Cat.5 SF/UTP 4x2xAWG26 05
Single pair used 12
Unused pairs not connected, floating 0 10

\Volts

20 30 40 50
uSeconds

EFT 1kV, Cat.5 SF/UTP 4x2xAWG26, 5m
15

1.0
0.5

0.0 —j\//\‘\/\v'*
05

1.0

-1.5
7.8 7.9 8 8.1 8.2 8.3 8.4 8.5 8.6 8.7 8.8

uSeconds

\olts
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CAT6 Cable e
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CAT6 Cable e
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EFT 1kV, CAT6 8/FTP LSZH 250MHz, 20m
15

1.0
0.5
0.0

T
-
-
= o
-+

(GHMT Roline)
CAT6 8/FTP LSZH 250MHz 0
Single pair used

Unused pairs not connected, floating

Volts

-1.0

-1.5
0 10 20 30 40 50

uSeconds

EFT 1kV, CAT6 8/FTP LSZH 250MHz, 20m

Volts
O
o

7.8 7.9 8 8.1 8.2 8.3 8.4 8.5 8.6 8.7 8.8
uSeconds
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CATOBA Cable e
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CATOBA Cable e
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EFT 1kV, CAT6A SSTP 500MHz STRANDED AWG26, 5m

15
(Manufacturer unknown) 10
“CATBA SSTP LSOH 500MHz 4 PAIRS o . 1 \ \ L
STRANDED AWG26 100 ohm” Z s I | ] I |
= Each pairindividually foil shielded 1.0
= Cable stranded 15 . 0 2 i . 0
Single pair used uSeconds
Unused pairs not connected, floating

EFT 1kV, CAT6A SSTP 500MHz STRANDED AWG26, 5m

15

1.0

0.5

g 0.0 ——/\/V\/\V\/vw

-0.5

-1.0

-1.5

7.8 7.9 8 8.1 8.2 8.3 8.4 8.5 8.6 8.7 8.8

uSeconds
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CATBA Cable - Connector Experiment ANANS
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(Manufacturer unknown) EFT 1kV, CAT6A SSTP, 5m + SCREW TERMINALS
" 15
CATBA SSTP LSOH 500MHz 4 PAIRS o
STRANDED AWG26 100 ohm” 0'5
Single pair used 2 . L L L [ l
[@) .
Unused pairs not connected, floating o5 [ [ I [ f
Connectors changed to screw terminals 1.0
-1.5
0 10 20 30 40 50
uSeconds
Eﬁﬁ.i“:q ﬁ B % EFT 1kV, CAT6A SSTP, 5m + SCREW TERMINALS
1.0
= And completely wrapped in conductive L0
. S 0.0
copper foil... S
- ‘ -0.5
-1.0
o -1.5
"E"'ﬁ 7.8 7.9 8 8.1 8.2 8.3 8.4 8.5 8.6 8.7 8.8
- uSeconds
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EFT Noise vs. Slicer Thresholds D oevices

EFT 1kV, SIMATIC 6XV18305AH10, 3m, 4-pin & foil connector

s Slicer thresholds at PAM3 2Vpp

EFT 1kV, SIMATIC 6XV18305AH10, 3m, 4-pin & foil connector

s Slicer thresholds at PAM3 1Vpp

1.0
o5 1| Error ___ ..
T ket b o el il B R R e e R R R R 2
""""""""""""""""""""""" (0.5 e ————————————————————— o
1.0 -1.0
-1.5 -1.5
78 79 8 81 82 83 84 85 86 87 88 /g 798 8L 82 83 84 85 86 &7 88
uSeconds uSeconds
EFT 1kV, SIMATIC 6XV18305AH10, 3m, 4—pin conn. & more foil EFT lkV, SIMATIC 6XV18305AH10, 3m, 4-pin conn. & more foil
~ e : 1.5
Lo Margin
0.5 e e e e m
[%2] 2 /
§ g 0.0 ——~ \ ”/ \’W’w—
) - T O d L A A /B
1.0 1.0
-1.5 -1.5
7.8 7.9 8 8.1 8.2 8.3 8.4 85 8.6 8.7 8.8 7.8 7.9 8 8.1 8.2 8.3 8.4 8.5 8.6 8.7 8.8
uSeconds uSeconds
EFT 1kV, CAT6 8/FTP LSZH 250MHz, 20m EFT 1kV, CAT6 8/FTP LSZH 250MHz, 20m
15 1.5
: 1.0
10 NO Margin Margin
05 cmmmm el -
[%2] / 2 /
5 Y S5 Y S S SN N AN
1.0 1.0
-1.5 1.5
7.8 7.9 8 8.1 8.2 8.3 8.4 85 8.6 8.7 8.8 7.8 7.9 8 8.1 8.2 8.3 8.4 8.5 8.6 8.7 8.8
uSeconds

uSeconds
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EFT Noise vs. Slicer Thresholds e
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EFT 1kV, SIMATIC 6XV18305AH10, 3m, 4-pin & foil connector

15 Slicer thresholds at PAM3 2.4Vpp The slicer error margin depends on number of

1.0
e - NTE v e I A levels to be detected / distance between levels
s SZ ~ \¥==Small Margin .
Y0 e O O O A = Different between PAM3/ PAM4 / PAMbS
-1.0
15 = Examples here for PAM3
7.8 7.9 8 8.1 8.2 8.3 8.4 8.5 8.6 8.7 8.8
uSeconds
EFT 1kV, SIMATIC 6XV1830G5AH10, 3m, 4-pin conn. & more foil v g q 0
L5 o T ey The slicer error margins depend on signal
;2 __________ Margin 2= [ RS amplitude
g 00 —JW = Higher signal amplitude = better SNR
O e bbb cccdccccmc=ccadc==c====
10 However:
1.5
P = Need to consider signal levels vs. power supplies
EFT 1KV, CAT6 8/FTP LSZH 250MHz, 20m ' = TX2.4Vpp @(3.3V +5%)works on TOBASE-T1L
1.5
;2 _________ Margin : = 2.4Vpp may be more challenging at higher speed
00— N = Need to consider other EMC, specifically emissions
O e bbb cccdccccmc=ccadc==c====
-1.0
1.5
7.8 7.9 8 8.1 8.2 8.3 8.4 8.5 8.6 8.7 8.8

uSeconds
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Summary AN
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Electrical Fast Transients(EFT) oo EFT KV SINATIC GXVASSOSARLO, 3m

Measured with data acquisition system 1000
N 0.500

Several cables - all shielded £ .00 | | | | |

>-0.500 [ [ [ [ [

o . -1.000
Screw terminal connectors challenging 1.500

0 10 20 30 40 50

uSeconds

Margin of coupled EFT versus slicer errors

. . _—————-—'j'_'t_'___ 1
= Depends on the noise coupling T
= Depends on signal modulation & amplitude S — '2‘];5-’?

EFT is not the only noise in the system

= Addition to Crosstalk, Gaussian noise..

= Looking for more real noise measurements
= Motordrive?
= QOtherideas/ applications/ sources?

Volts
O .
o

More insides from cable vendors?
More insides from connector vendors? 10

7.8 7.9 8 8.1 8.2 8.3 8.4 8.5 8.6 8.7 8.8
uSeconds
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Thank You

Questions?
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