ACADEMY

de Nederlandse EMC-ESD Vereniging

EMC-ESD Event 2019

WIURTH ELEKTRONIK

Raf Vieugels
Field Application Egineer

=== Wurth Elektronik Nederland

raf.vleugels@we-online.com
+32 (0) 499 58 18 72

woensdag 20 november



more than you expect .

WE=-

WURTH EI.EKTRONIK

= The Wiirth Elektronik Group Sl 048 Ui e

Passive
Components

DD.MM.YYYY | Technical Academy | Public | <TITLE>
© All rights reserved by Wurth Electronics, also in the event of industrial property rights. All rights of disposal such as copying and redistribution rights with us.



_ o -
- —0— Sales: 848 million €
— _O_C Employees: 8.300
..—O' *

WURTH ELEKTRONIK 2018

Wiirth Elektronik eiSos Group

.
T R T Y T LT T T R T R R T T T T Ty R Ty T R P T T T YT T Y
. . - -

» - . .

Passive Power Modules & Electromechanical Automotive & Wireless Connectivity &
Components Optoelectronics Components eMobility Sensors

N

/s

7
& :
¢« ® . -

M AMB2621

DD.MM.YYYY | Technical Academy | Public | <TITLE>

© All rights reserved by Wurth Electronics, also in the event of industrial property rights. All rights of disposal such as copying and redistribution rights with us.

WIURTH ELEKTRONIK




Agenda

= Atypical high speed system

= | added protecting, now what happened to my
signal?

= Measurements results

= Solutions and summary
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USB 3.1

= Up to 10GBit/s and 100Watt of power é

= Challenges
= EMI
= Signal integrity

= Power delivery il

= 60W evaluation kit
= 100W evaluation kit
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USB 3.1 “WE——
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= USB controller AL [;+ = USB 2.0 backwards compatible
= Sensitive for WECNSW
High voltage —_—
transients
S+ .
= Typically protected 2 : 2
ypieaty B g | WECHSWIF ST 5§ | = USB 3.1 high speed data lines
= 2kV HBM 5 AAAS . g
b &
E WE-TVS Super E
Speed g
= Need protection for
surges WE-MPSB —WE-MAPI  WE-MPSB
] J_WJ_ — L
T T & = Power stage, up to 100W
WCAP-CSGP
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USB 3.1

WIURTH ELEKTRONIK

= Transmission path is symmetrical Receiver
= Both Tx and Rx are identical R s D+
- D-
= |nterface can send and receive at the same i
time. D+
Tx - D
. i

= Tx and Rx are referenced at the same ground \?7 . "
ransmitter

= Very similar to many other interfaces

Switch/ [ © D*
coupler
Rx/Tx | D-

Rx/ Tx

O
Rx/ Tx
= PCB layout very critical
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Susceptible for noise

= The interface is susceptible for noise
: : : cable shieldin
= Differential mode noise o ___ S — _?i ________
W PO
= Common mode noise R[]} low : i lew R
| S S| 75 S
= Source can be the controller it self or some R =: ; : ; R
outside noise source. This could be coupled 4 H .. Vos
= Inductive i 7
__;___‘_.n." ______ “.-l" _____ [ —

= Capacitative
= External radiated emissions
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Susceptible for transients WE=-

WURTH ELEKTRONIK

= The controller needs to be protected form transient

|
. o) +Vp
like ESD and surges. :
= Varistors or Diodes can be used to for protection | ¥ b
| |
4 \ (b T ¢ D+
B LA |
‘ Tx | — | USB-jack
| |
’ . A |
b M b D-
pd I |
: T
6.2 ESD Ratings I I
/VALUE\ | uNIT I -
Human-body model (HBM), per ANSV/ESDA/JEDEC J$-001(" | x2000 ) | I
Vesn)  Electrostatic discharge Charged -device model (CDM), per JEDEC specification JESD22- \+§({ v
Cc101@ -

(1) JEDEC document JEP155 states that 500-V HBM allows safe manufacturing with a standard ESD control process.
(2) JEDEC document JEP157 states that 250-V CDM allows safe manufacturing with a standard ESD control process.

Source Texas Instruments datasheet

DD.MM.YYYY | Technical Academy | Public <TITLE>

© All rights reserved by Wurth Electronics, also in the event of industrial property rights. All rights of disposal such as copying and redistribution rights with us.




ESD Transient o
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Contact Discharge Air Discharge

Test Voltage kV  Peak Current (A)
IEC 61000-4-2

Test Voltage kV ~ Peak Current (A)

IEC 61000-4-2
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30A + 2 4 15 4 15
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WE-TVS selection -
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= Important selection criteria 10 pF
= Nominal voltage

.....
.................
..............................

= Clamping voltage E 1 oF 4
= Capacitance Is
o
1kQ [ani

| & 0.1pF A

L.
.....
..............................................

moi 0.01 pF | | | | |
| 0V 1V 2\ 3V 4V bV

Voltage
vomn | — WE-TVS Standard (/0) -+ WE-TVS Standard (GND)

— WE-TVS Super Speed (V0) ~ ----- WE-TVS Super Speed (GND)

Impedance
o

10mQ -

1mQ
1kHz 1GHz 10 GHz
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WE-TVS

Electrical Properties:
Value
Properties Test conditions Unit
yp. max.
"Channel
( gmno V0 1o GND Ven 5 v
(Reverse)
Breakdown | l=1mA: V0 10 GND Vi g v
Voltage
Channel
EVErse .
ﬂankag; Vio=Voe: V=0V lcn Loak 1 A
Current
Forward _—
Vortage =15mA; GND 10 /0 Ve 0.9 12 v
—
( (Channel) Input) Ves=0V . 05 - :
Capacitance _{ V,=2.5, =1MHe, V0 to GND tn : : p
10 Ny =0V
( Channel Input. ) %55 5, =1z, between V0 pins | Coms 0.03 0.08 b
%E:ﬁ ESD : IEC 61000-4-2 -+BKV (TLP=164)
( Joltage” A Contact o, V0 o GND Von ciamp 0 105 v
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USB 3.1 Controller

WIURTH ELEKTRONIK

ooHA+
AT
RV SEHE-
WE-CNSW HF SSTXe
LML
YL S5TH-

WE-TVS Super
Spesd

]

USB Type-C™ Connector




WE-TVS

Insertion Loss SDD21 (I/0 to GND):

0

5

-10

-15

Insertion Loss [dB]

1E+7 1E+8
Frequency [Hz]
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Measurements -
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Measurements o
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Measurements -
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Example Common mode Choke

High frequency signals

= WE-CNSW
=90 QO CM @ 100MHz
= 0603

= WE-CNSW HF
* 60 Q CM @ 100MHz
= 0504

REDEXPERT"

nups://we-oniine.com/re/5¢cRQplyn
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Frequency
— WE-CNSW ~ (CM) -+ WE-CNSW  (DM)
—— WE-CNSW HF (CM) =+ WE-CNSW HF (DM)
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Common Mode Filter — How it works W e
—O-

TRONIK

It is a Bi-directional filter
* From device to outside environment

* From outside environment to inside

device

Intended Signal - Differential mode

Interference Signal (noise) — Common

Conclusion:
« “almost” no affect the signal - Differential mode

* high attenuation to the interference signal (noise) — Common Mode
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more than you expect .

USB 3.1 — Signal Integrity -

WURTH ELEKTRONIK

Tr4 sdd21, Wigh = 200mv Low = -200mv, SGbps Tr4 sdd2l, Migh = 200mv Low = -200mv, 5Gbps

250. Om 250.0m

200. 0m vl “1'..6“ 200. 0Om

150. Om 150. Om

100. Om 100. Om

50.00m E ,E 50. 00m 3 ._i
S ¥ les
- 293 e -4
. b * h

0., 000 1 0. 000 B Jitver:(9.333ps N e o
= 3 o = 3
2z 5=

: 21 o $ 19

50. 00m : 4 g 50. 00m = g

100. Om 100. Om

150, Om 150. Om

200. Om - 200. Om

Zero: -191.6mv Zero: -1%4mv
width: 190.5ps width: 186.8ps
250. Om 250.0m
=100p =50p 0 50p 100p 150p 200p 250p 300p =100p =50p 0 S0p 100p 150p 200p 250p 300p

Eye diagram with the WE-CNSW filter (left) and the WE-CNSW HF filter (right) at 5 GBit/s
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more than you expect .

USB 3.1 — Signal Integrity
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Trd 5dd21, High = 200mv Low = -200mv, 7Gbps
240.0m

Tr4 s5dd21, High = 200mv Low =

240. 0m

-200mv, 7Gbps

52.43243243243ps, -63.690658541301my

180.0m BOr
120. 0m
60.00m
0.000
60.00m o L

-1Z0.0m

-180.0m

-240.0m

;’\w‘idth: 135.7ps

334, Iy

198, Zmw

e ight :

‘ampTitude::

180.0m @

120. 0m

60. 00m

0,000

~B0. 00m

-120.0m

-180.0m

-240.0m

355, bmv

AmpTitude:

widch: 136.1ps

-71.42857142857p o

35.714286p

71.428571p

107.142857p

142.857143p

214.2857142857p

-71.42857142857p

o 35.714286p 71.428571p 107.142857p 142.857143p 214, 2857142857p

Eye diagram with the WE-CNSW filter (left) and the WE-CNSW HF filter (right) at 7 GBit/s

Appnote www.we-online.com/ANP0O07
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Summary

= USB 3.1 interface is susceptible for:

= Noise (common mode and differential mode)

» Transients
Goal: Attenuate unwanted signals while
maintaining speed and integrity of data transfer

Built in ESD protection is often not sufficient
= ESD can go up to 30kV

Important selection criteria for TVS:
= Nominal voltage
= Clamping voltage
= Capacitance

= By using the right components, the useful signal is
not influenced
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Thank you for your attention! EVE+2

WIURTH ELEKTRONIK

Any questions? Free samples from stock!
Visit our booth!
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