Microsemi.

Introduction

This document provides detailed design guidelines to
sustain extreme high voltage/current surges per few
of the most popular immunity standards using
Microsemi PD69208/4 IC for PoE functionality.

Overview

Surge immunity is a basic feature required within
telecommunication systems in order to increase
system reliability when exposed to a surge event.
When designing surge protection it is common to
check if the required installation of the
telecommunication cable is located indoor or
outdoor. Surge protection is usually divided to two
protection stages:

e Primary protection, deals with high energy surge
and is usually located between EUT (Equipment
Under Test) and external cable subjected to
surge event, however it can be implemented at
the EUT front end.

Used mostly for outdoor cable installation.

e Secondary protection deals with lower surge
energy and is usually located within the EUT
front end.

Used mostly for indoor cable installation.

PD69208/4_TN_205

Design for surge immunity within PSE system

None of the above protection stages intends to
protect from direct lightning strike events but a surge
event occurs near the telecommunication line. This
design guide is intended to assist the designer to
implement primary protection mechanisms for
protection from outdoor surge events.

Disclosure: an outdoor surge event in this document
points to equipment that whose telecommunication
cables are located outdoor but the equipment itself is
located indoor. For equipment that is located totally
outdoor additional regulations must be complied with
such as waterproof, AC input line protection, etc.

Immunity requirements

Many standards around the world define different
surge voltage levels, source impedance and
maximum current. This document deals with a few of
the most severe surge events. In most of the cases,
a system sustaining the following events will sustain
the following standards:

e EN 61000-4-5:2006
e GR-1089-core 2011
e |TU-T K.21 2011
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The following tests were analyzed:
# standard wave voltage | Port Line resistance Type Figure
shape status | under
[1] test
1. EN55024(2010) | 10/700us | +4KV ON Common 15Q All Line to 1
+EN61000 4-5 and n x 25Q + Earth
(Europe) OFF 90V gas
All lines | arristor per line
-4KV ON (nis the
number of
OFF lines)
(Port ON and
Port OFF)
2. 1.2/50us | +800V OFF Vmain 6 Q Line to line 2
Vp_neg (differential)
-800V OFF | Vmain
Vp_neg
3. 1.2/50us | +1.5KV | OFF 2 pair - 10Q on | Line to Earth 3
each out of 4 (common)
-1.5KV | OFF | Alllines lines
4, 2/10us +1KV OFF Vmain 200A (3 Q) Line to All 2
We do Vp_neg lines
1.2/50us -1KV OFF Vmain
GR-1089 Vp_neg
(USA)
5. 2/10us +1KV OFF 200A (3 Q) All Lines to 4
We do All lines Earth
1.2/50us 1KY OFF
6. 10/700us | +4KV OFF 25Q per line Line to Earth 5
(+15Q (common) (no
generator need
internal) for
GDT)
-4KV | OFF
7. 10/700us | +1.5KV | OFF | Vmain 250 Line to line 2
(+15Q (differential)
Vp_neg generator
-1.5KV | OFF | Vmain internal)
ITU-T K21 Vp_neg
8. (International) - "10/700us | +6KV | OFF 25 Qperline | Linetoearth | 5
ON All lines (+15Q (common)
-6KV OFF generator
ON internal)

[1] — Port status during the test

Criteria A - Port stays on during the event
Criteria B - port is turned-off during the surge, after the event turned-on automatically recovered.

During all tests, the Criteria for the “neighbors” ports next to the tested port is A.
In tests with tested port ON: The tested port meets criteria A.
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Surge protection circuit design

Setup Figures:

Combination wave
genarator

Fma
Auxdliary Frotection
o network
L R
X X
Lo —— —————
¢ L B e m— >< X Eut
- —T — — N
Earth reference
£ - -

Caleulation of Rmz when using GWG (1,2/50 us generatar)
Example for n = 4
Rma =4 = 40 0 = 160, max_ 250 O

Calculation of Rmz when using CWG (10/700 us generator)

with n equal or greater than 2)
Example far 0 = 4
Rmz = 4 x 250 = 100 0, Rmz shall net excesd 250 0

AL: value depending on negligible attanuation of the transmission signal
NOTE The gas arrestors shown can be replaced by a CIamping circuit sUCh as that shown in Figurs 13.
Figure 14 — Example of test setup for unshielded symmetrical interconnection lines

tion lines); | g g (according to 7.4),
coupling via arrestors

The internal matching resistor Rm2 (25 Q) Is replaced by external Rmz = 0 = 25 £ per conductor (for n conductors

L = 20 mH, current compensation may include all 4 coils or only pairs as shown in the figure to be effective

Figure 4-10 Test Circuit for Multi-Pair Ports — Metallic Test

o Port
R
B =W
EUT H H
o Iy | e
o O

NOTE: The test is performed by connecting each lead to generator (one at a
time) with all other leads grounded, then repeated for each lead.

Figure 1

Figure 4-11 Test Circuit for Multi-Pair Ports — Longitudinal Test

— Port
“' R
LS | R ’\
o :
eut ([ i St
= : S
l“‘ IVV\’ G:'ng:rator

P ’o)

Figure 3

Figure 2

Figure 4-12 Test Circuit for Paired-Conductor Ports Providing a Connection Means
for the Shielded Cable

Port

Connect all non-floating
port conductors
and shield to surge generator

EUT

[——-o

Surge
Generator

{ -t

Connect to shield pin or
to shield if shield pin is
not accessible

Figure4

Figure 4-6 Test Connections for Gas Tube Interaction Test

Ve S,

R,=150Q
R,=25Q
v

== C,=0.2F

Hi R R R
GDT
protection EUT
Hi F i
: it G

o | |

ITU-T K.44 10/700 ps voltage surge generator
Dual output version

.|||—<

Figure 5

The following circuit complies with the above tests.
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System PSU

Per port

External

s
Fl

C2_10

|2z D4

_PD69208

Vport_neg

Ac

R1] EGND

Surge
generator

,,,,,,,,,,

Figure 6 — surge protection circuit

Surge Protection components

PCB Manufacturer
Foot
Qty | Reference | Description | Print
) STMicroelectronics STPS1H100A
1 per chip | D3 fggf/ttky Diode | g\ia [ON Semiconductor | MBRAIH100T3G
Vishay SS1H10-E3/61T
) STMicroelectronics STPS1H100A
pgrfer D1,D2,D5 | SShotkyDiode i gya  ['ON Semiconductor | MBRALH100T3G
Vishay SS1H10-E3/61T
. Unidirectional N

1 per chip | D4 TVS DIODE 58V SMC Fairchild SMCJ58A
2 per Bidirectional B72214S2271K10
system RV1 Varistor 275V TH EPCOS 1

Capacitor C3216X7R2A224
1 per port | C1 220nF/100V 1206 TDK K

Resistor IMOhm
1 per Port | R1 giﬂonW 1%1206 | 1506 | samsung RC3216F1004CS
3 per chip | C4,C5 :CLZ(/)AVP CRM 4.7uF 0603 TDK (élGO8X5R1A475

TRN NPN 250V
1 per chip | Q1 1A 15W D-Pak D-Pak ON semi MJD47

SMT
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Test setup:
1.
EN55024(2010) | 10/700us +4KV ON Common 15Q All Line to
+EN61000 4-5 and n x 25Q + Earth
OFF
90V gas
-4KV ON | Alllines | arristor per line
(nis the
OFF number of
lines)
(Port ON and
Port OFF)
Port OFF
Surge I\/Dal;/(e)ogfsneraior
EGND
I: coMm 15Q
Figure 7
Port ON
Surge wave generator
10/700uS
EGND
[: com 150
moni‘g woonifggmjg mug;}E
PoE EUT
Tester+Resistor 4;\ ;?—/
EGND 1

Figure 8
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GR-1089
(USA)

1.2/50us | +800V

OFF Vmain
Vp_neg

-800V OFF Vmain
Vp_neg

6Q

Line to line
(differential)

Surge on Vmain:

Surge wave generator
1.2/50uS

EGND
com 2Q

6Q

Line 4

Line 5

Line

EUT

EGND

Figure 9

Surge on Vport Neq:

Surge wave generator
1.2/50uS

EGND
com 2Q

6Q

Line 4

Line

Line 7

Line

EUT

EGND

Figure 10
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3.
GR-1089 1.2/50us +1.5KV OFF 2 pair - 10Q on each Line to Earth
(USA) out of 4 lines (common)
-1.5KV OFF All lines
Test setup
Surge wave generator
1.2/50uS
EGND
I: coMm  2Q
10Q 10Q ~ 100 10Q
EUT
” EGND l
Figure 11
Copyright © 2016 Microsemi
CPG - PoE BU

Rev. 0.5, 18 July 2016

One Enterprise Aliso Viejo, CA 92656 USA

Page 7



PD69208/4_TN_205

Design for surge immunity within PSE

4,
GR-1089 2/10us +1KV OFF Vmain 200A (3Q) Line to All
(USA) We do Vp_neg lines
1.2/50us -1KV OFF Vmain
Vp_neg
Surge on Vmain:
Surge wave generator
1.2/50uS
EGND
i L cCoM 2Q
3Q
EUT
o EGND

Figure 12

Surge on Vport Neq:

Surge wave generator
1.2/50uS

L EGND
com 2Q

3Q

Line 4

Line 5

Line

Line 8

EUT

EGND

Figure 13
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5.
GR-1089 2/10us +1KV OFF | Alllines 200A (3Q) All Lines to
(USA) We do -1KV OFF Earth
1.2/50us
Test setup
Surge wave generator
1.2/50uS
EGND
I: com 2Q
3Q
EUT
o EGND l
Figure 14
6.
GR-1089 10/700us | +4KV OFF | Alllines | 25Q perline | Line to Earth
(USA) -4KV OFF (+15Q (common)
generator
internal)
Test setup
Surge wave generator
10/700uS
EGND
I:COM 15Q
250 250 ~ 250 25Q
EUT
EGND l
Figure 15
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7.
10/700us | +1.5KV | OFF Vmain 25Q Line to line
ITU-T K21 Vp_neg (+15Q Single port
(International) 15KV | OFEF Vmain generator
Vp_neg internal)
Surge on Vmain:
Surge wave generator
10/700uS
EGND
J7 L com 15Q
25Q
EUT
. EGND j
Figure 16
Surge on Vport Neg:
Surge wave generator
10/700uS
EGND
I: com 15Q
25Q
EUT
- EGND j
Figure 17
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8.
ITU-T K21 10/700us +6KV ON 25 Q per line Line to earth
(International) (+15Q Single port
OFF generator
All lines internal)
-6KV ON
OFF
Port OFF
Surge wave generator
10/700uS
EGND
I: coMm 15Q
250
2 £ 9
- g
EUT
- EGND l
Figure 18
Port ON
Surge wave generator
10/700uS
EGND
I: coM 150
77 /\"‘
/o
Zﬁﬂif;fj 2595{;‘2502}} 250/
PoE L I EUT
Tester+Resistor 727\ PN e E— TP
EGND —ﬂ|7
Figure 19
Copyright © 2016 Microsemi Page 11
Rev. 0.5, 18 July 2016 CPG - PoE BU

One Enterprise Aliso Viejo, CA 92656 USA



PD69208/4_TN_205

Design for surge immunity within PSE

Microsemi.

Detailed circuit description

When designing application immunity to surge event there are two concepts to consider:

¢ Designing isolation mechanism that will prevent the surge from breakthrough to the chassis by keeping clearance
distance between the PoE circuitry and chassis. This kind of protection is common for low voltage surge protection
of up to 2KV.

e Designing a low impedance current path to chassis and keep the high currents away from the circuitry to be
protected. This kind of protection is suitable for low and high voltage surge protection.

In this case, a low impedance current path is leading the currents from the surge source to the chassis and keeps it
away from the PD69208/4 circuitry.
The following drawings show the expected current path for each surge event.

—

s i |
& i—igux ﬂ . | | /“*‘i
i 1S

Figure 20: Positive common surge Figure 21: Negative common surge

Figure 22: Positive differential surge Figure 23: Negative differential surge

As shown above, the high current path goes through the port diodes D1, D2, Varistor RV1 and TVS DA4.
D5, D3 block the current path thru the PD69208/4.

e In Figures 21 and 22, D4 provids a current path and clamps the voltage to a safe level. The clamped voltage may
get up to 80V under the surge current, meaning that the system power supply may be subjected to 80V for about
1.5mS. It is up to the designer to verify that the system PSU is capable of handling this voltage from output
components stress point of view and from over voltage protection.

e Q1 is an optional component which help to keep the 3.3V stability.

It is highly recommended to add it to the PCB layout.
The decision of assemble it, might be taken during the actual surge test of the final system,
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Layout considerations

In order to lead the high current in an efficient way and minimize noise radiation, special care
should be taken on PCB layout, following some recommendations for a proper layout (with respect
to surge immunity). Any other layout recommendation relating to PoE should also be implemented.

e Keep chassis trace close to RJ45 gang and do not penetrate to PoE environment.

e Chassis trace of 5mm thick should be enough for surge current.

e Make sure chassis trace/plane is well connected to the box screw and that the screw is located close to the RJ45
gang.

o Keep 80mil creepage for each component connecting between chassis and PoE circuitry.

e Do not layout PoE traces in parallel to chassis but orthogonal in order to minimize noise coupling.

o |If the layout consists of more than four layers, use internal layers for PoOE routing and external layers for plans
(Vmain @nd GND) in order to have better noise immunity.

e Locate Rv1 (see Figure 6) near the RJ45 gang connected between chassis and Vi, plane. If vias are needed,
use multiple thick VIAs in order to support the high surge currents. It is a good design practice to have a provision
to change the RV1 location along the board and to determine the final location by tastings (Usually it will be
located at the middle of the RJ45 gang).

e Spread the system electrolytic capacitance along the board connected between analog GND and V4. Use at
least 3x47uF per system in order to keep Vnmain 0Overshoot low during the surge.

e Keep D1 and D2 and D5 (See Figure 6) as close as possible to RJ45 gang and keep PoE IC away from it (30mm
should be sufficient).

e Place C1 as close as possible to PoE IC

e Place D4 as close as possible to PoE IC
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The information contained in the document (unless it is publicly available on the Web without access restrictions) is
PROPRIETARY AND CONFIDENTIAL information of Microsemi and cannot be copied, published, uploaded, posted,
transmitted, distributed or disclosed or used without the express duly signed written consent of Microsemi. If the
recipient of this document has entered into a disclosure agreement with Microsemi, then the terms of such Agreement
will also apply. This document and the information contained herein may not be modified, by any person other than
authorized personnel of Microsemi. No license under any patent, copyright, trade secret or other intellectual property
right is granted to or conferred upon you by disclosure or delivery of the information, either expressly, by implication,
inducement, estoppels or otherwise. Any license under such intellectual property rights must be approved by Microsemi
in writing signed by an officer of Microsemi.

Microsemi reserves the right to change the configuration, functionality and performance of its products at anytime
without any notice. This product has been subject to limited testing and should not be used in conjunction with life-
support or other mission-critical equipment or applications. Microsemi assumes no liability whatsoever, and Microsemi
disclaims any express or implied warranty, relating to sale and/or use of Microsemi products including liability or
warranties relating to fitness for a particular purpose, merchantability, or infringement of any patent, copyright or other
intellectual property right. Any performance specifications believed to be reliable but are not verified and customer or
user must conduct and complete all performance and other testing of this product as well as any user or customers final
application. User or customer shall not rely on any data and performance specifications or parameters provided by
Microsemi. It is the customer’s and user’s responsibility to independently determine suitability of any Microsemi product
and to test and verify the same. The information contained herein is provided “AS IS, WHERE IS” and with all faults, and
the entire risk associated with such information is entirely with the User. Microsemi specifically disclaims any liability of
any kind including for consequential, incidental and punitive damages as well as lost profit. The product is subject to
other terms and conditions which can be located on the web at http://www.microsemi.com/company/terms-and-
conditions

Revision History

Revision Level / Date Para. Affected Description

0.1/ 1-Feb-2015 Initial Release

0.2 / 23-Mar-2015

0.3/09-Mar-2016 Add new figures.
Add new componenets in the appliacation.

0.4/ 05-June -2016 Fixing figure 23.

0.5/18-July -2016 Replace the app shcmeatic. Varistor instead sidactor
Repace setup 1 and 8, port ON drawing.
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