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Surges and Transients Can’t Read Specifications!
How to Protect Power Supplies Against
Real-World Threats*
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There are numerous standards and specifications in
the industry regarding electrical overstress.

‘Global Safety & Surge Immunity Standards:

There are so many!! ?

Europe

Taiwan

TSurge inmmwity (Combiowave]™ TEmeTyy Star (Bawed T ECTENGTSATIE RIS THM0004-5— — CNS M676-5 — [GB/T 18595 (Basad T KeT54T(Based bd
1.2x50ps Voc/ 8x20ps Isc on [EEE C62.41.2) EN 61000-4-5 (Based on IEC/EN | {Based on IEC/EN | on IEC/EN 61547) IEC/EN 61547)
Integrated LED light bulbs Ring wave 2.5kV 500V/250A 61000-4-5) 61000-4-5) 500V/250A 500V/250A

100kHz Class A 1kV/5004 500V/250A 500V/250A TkV/500A 1kV/500A
(E27BaseEurope/E26Base USA) , p
(LED retrofit Igmps and indoor 1kV/500A 1kV/500A
commercial)
Surge Immunity (Combo wave) DOE(Basedon | IEC/EN 61547 IEC/ | JIS C61000-4-5 CNS 14676-5 GB/T17626.5 KS C IEC61000-4-5
1.2x50ps Voc/ 8x20ps Isc IEEE C.62.41.2) EN 61000-4-5 (Based on [EC/EN | (Based on IEC/EN | (Based on IEC/EN | {Based on IEC/EN
LED Dutdoor Luminaires Category C-Low | 4kV/2kAEkV/3kA 61000-4-5) 61000-4-5) 61000-4-5) 61000-4-5)
(Street Lighting, Parking Lot 6kV/3kA 10kV/5kA 4kV/2kA AkV/2kA AkV/ZkA 4kV/2kA
Lighting) Category C-High
20kV/10kA
ANSI/NEMA
(spec. no. TED)
Safety UL 8750, UL 1310, | IEC/EN 62560 bulb | DENAN standards | CNS standards GB24813-2009/ KS standards
UL 1993, UL 1598 IEC/EN 60598 JEL B0 IECE2031 LED
Luminaire Module for general
IEC/EN 61347 lighting-safety
driver

IEC/EN 62031 LED
array/module

SAFETY: SURGE:

Short circuit / overload protection is Tolerance to transient overvoltage evenis

required by most global standards may be optional, but is CRITICAL for
functionality and reliability

& excelsys p/4 Littelfuse
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Unfortunately, transients and surges cannot read!

‘Global Safety & Surge Immunity Standards:
There are so many!!

Europe
United States 5. America

Taiwan

TSmrge fommwiy (Combowave |~ TEmeTyy Star (BosodT ECTENSTSATEC L HS T 00045 — — CNS M676=5 — 16B/T 18595 (B moiT K654 1B
1.2x50ps Voc/ Bx20ps Isc on |EEE C62.41.2) EN 61000-4-5 (Based on IEC/EN | (Based on IEC/EN | on IEC/EN B1547) IEC/ENG
Integrated LED light bulbs Ring wave 2.5kV 500V /75MA RiNNN.4.51 RIMMMA.4.5} RONV/250A B00V/21
(E21BaseEurope/E26BaseUsA)  |00KHZ Class A 1/ 00A 1KV/50
(LED retrofit lamps and indoor
commercial)

Surge Immunity (Combo wave) DOE(Basedon | IEC/ENG 1626.5 | KSCIECE1(
1.2x50ps Voc/ 8x20ps Ise IEEE C.62.41.2) EN 610 1|EC/EN | (Based on
LED Outdoor Luminaires Category C-Low | 4kV/2kA -4-5) 61000-4
(Street Lighting, Parking Lot BKV/3kA 10kV 2kA 4kV/2
Lighting) Category C-High
20kV/10kA
ANSI/NEMA
[spec. no. TBD)
Safety UL 8750, UL 1310, | IEC/EN 62560 bulb | DENAN standards | CMNS standards GB24819-2009/ KS standards
UL 1993, UL 1538 IEC/EN E0598 JELEBD1 IEC62031 LED
Luminaire Madule for general
IEC/EN 61347 lighting-safety
driver
IEC/EN 62031 LED
array/module
SAFETY: SURGE:
Short circuit / overload protection is Tolerance to transient overvoltage evenis
required by most global standards may be optional, but is CRITICAL for
functionality and reliability
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Unfortunately, transients and surges cannot read!

‘Global Safety & Surge Immunity Standards:
There are so many!!

Europe
United States 5. America Taiwan i
FSorge tommnity (Combowave |- TEmetyy Star (BaswdT ECTENGTH4THEC TS CE 10004 5 —|— CTHS ME676=5 — [GB/T 12595 (B oo KET54T B
1.2x50ps Voc/ 8:x20ps Isc on IEEE C62.41.2) EN61000-4-5 (Based on IEC/EN | (Based on IEC/EN | on IEC/EN B1547) IEC/ENB
|ntEgI‘atﬂd LED light bulbs R||'|_g wave 2. 5kV 00V /2504 RiMNNN.A.RL RinNN.4.54 GOMVI2S0A 00V, 29

(E21BaseEurope/E26BaseUsA)  |00KHZ Class A 1/ e 1750
(LED retrofit lamps and indoor

commercial)
Surge Immunity (Combo wave) DOE(Basedon | IEC/ENG 1626.5 | KSCIECE1(
1.2x50ps Voc/ 8x20ps Ise IEEE C.62.41.2) EN 610 1|EC/EN | (Based on
LED Outdoor Luminaires Category C-Low | 4kV/2kA -4-5) 61000-4
(Street Lighting, Parking Lot BKV/3kA 10kV 2kA 4kV/2
Lighting) Category C-High
20kV/10kA
ANSI/NEMA
[spec. no. TBD)
Safety UL 8750, UL 1210, | IEC/EN 62560 bulb | DENAN standards | CNS standards GB24819-2009/ KS standards
UL 1993, UL 1598 IEC/EN E0598 JELEBD1 IEC62031 LED
Luminaire Madule for general
IEC/EN 61347 lighting-safety
driver
IEC/EN 62031 LED
array/module

SAFETY: SURGE:

Short circuit / overload protection is Tolerance to transient overvoltage events

required by most global standards may be optional, but is CRITICAL for

functionality and reliability

& excelsys p/4 Littelfuse 4
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In the real world, transients and surges often exceed the

test specifications and damage the power supply.

‘Global Safety & Surge Immunity Standards:
There are so many!!

Issue: November 2016

Europe
United States 5. America Taiwan

FSorge tummaity (Combrowave) TEmeryy Star BasTdT ECTENGTS4TTEC U HSTE1000-45 —|— CTNS M676-5 — [68/T 18595 (Basot Ke 1547 1B
1.2x50ps Voc/ 8x20ps Isc on IEEEC62.41.2) | ENG1000-4-5 | (Based on IEC/EN | (Based on IEC/EN | on IEC/EN61547) | IEC/EN G
Integrated LED light bulbs Ring wave 2.5kV 500V/750A RINNN.A.R RINAM.A.EL RONV/ZE0A 500V 29

(E27BaseEurope/E26Baselsa)  '00KHz Class A Tkv/ 00A 1KV/50
(LED retrofit lamps and indoor
commercial)

Surge Immunity (Combo wave) DOE (Basedon | IEC/ENG
1.2x50ps Voc/ 8x20ps Isc IEEE C.62.41.2) ENB10

1626.5 KS CIECE1(
1IEC/EN | (Based on

LED Outdoor Luminaires Category C-Low | 4kV/2kA -4-5) 61000-4
(Street Lighting, Parking Lot BkV/3kA 10kV 2kA 4kV/2
Lighting) Category C-High
20kV/10kA
ANSI/NEMA
(spec. no. TED)
Safety UL 8750, UL 1210, | IEC/EN 62560 bulb | DENAN standards | CNS standards GB24819-2009/ KS standards
UL1993,UL 1598 | IEC/EN 60598 JEL 801 IEC62031 LED
Luminaire Madule for general
IEC/EN 61347 lighting-safety
driver
IEC/EN 62031 LED
array/module
SAFETY: SURGE:
Short circuit / overload protection is Tolerance to transient overvoltage events
required by most global standards may be optional, but is CRITICAL for
functionality and reliability
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However, the specifications and circuit protection
techniques used to protect against surges and transients
in outdoor LED lighting are extremely robust, yet highly
cost effective.

& excelsys % Littelfuse :
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However, the specifications and circuit protection
techniques used to protect against surges and transients
in outdoor LED lighting are extremely robust, yet highly
cost effective.

‘8‘ ,@1 0 Therefore the circuit protection
8 @ P={ techniques applied in LED power

_— supplies are well suited for use in
other industrial power supply

& excelsys applications. % Littelfuse 7
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However, the specifications and circuit protection
techniques used to protect against surges and transients
in outdoor LED lighting are extremely robust, yet highly
cost effective.

& excelsys % Littelfuse 8

g Using these techniques will still
P={ permit you to meet the required

b ! specifications in your application.
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This presentation discusses the following topics:
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This presentation discusses the following topics:

l.  Why use circuit protection techniques
developed for LED power supplies?

& excelsys p/4 Littelfuse
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This presentation discusses the following topics:

|.  Why use circuit protection techniques
developed for LED power supplies?

Il. Global safety and surge immunity
standards in the lighting field.

& excelsys % Littelfuse
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This presentation discusses the following topics:

l.  Why use circuit protection techniques
developed for LED power supplies?

Il. Global safety and surge immunity
standards in the lighting field.

I1l. Use of MOVs for surge protection.

& excelsys % Littelfuse
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Part |

Why use circuit protection techniques developed for
LED power supplies?

& excelsys % Littelfuse

13


http://www.how2power.com/newsletters/1611/index.html

HOW-POWER Issue: November 2016

I Sl i~ ¥

Your Power Design MNewsletter

LED power supplies provide a good starting point for
developing surge and transient protection for all types

of power supplies because...

& excelsys % Littelfuse y
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LED power supplies provide a good starting point for
developing surge and transient protection for all types

of power supplies because...

* An LED power supply is functionally similar
to other power supplies—the main
difference is the load.

& excelsys % Littelfuse 15
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LED power supplies provide a good starting point for
developing surge and transient protection for all types
of power supplies because...

 An LED power supply is functionally similar
to other power supplies—the main
difference is the load.

e Circuit protection techniques developed for
LED lighting will work in almost any
application.

& excelsys % Littelfuse 16
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Circuit protection techniques developed for LED
lighting will work in almost any application because...

& excelsys % Littelfuse
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Circuit protection techniques developed for LED
lighting will work in almost any application because...

e Circuit protection components developed
for LED lighting are inexpensive.

& excelsys p/4 Littelfuse
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Circuit protection techniques developed for LED
lighting will work in almost any application because...

e Circuit protection components developed
for LED lighting are inexpensive.
o LED lighting applications such as
streetlights are high volume.

& excelsys % Littelfuse
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Circuit protection techniques developed for LED
lighting will work in almost any application because...

e Circuit protection components developed
for LED lighting are inexpensive.
o LED lighting applications such as
streetlights are high volume.
o Customers in this field “beat down”
prices on all components.

& excelsys % Littelfuse
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Circuit protection techniques developed for LED
lighting will work in almost any application because...

e Circuit protection components designed for
LED lighting are available with short lead
times on delivery.

& excelsys p/4 Littelfuse
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Circuit protection techniques developed for LED
lighting will work in almost any application because...

e Circuit protection components designed for
LED lighting are available with short lead
times on delivery.

(Someone always has stock of the
components because they are needed for
the lighting market in a moment’s
notice. )

& excelsys % Littelfuse
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Circuit protection techniques developed for LED
lighting will work in almost any application because...

e Circuit protection components offer quality
and reliability.

& excelsys p/4 Littelfuse
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Circuit protection techniques developed for LED
lighting will work in almost any application because...

e Circuit protection components offer quality
and reliability. The volumes and cost of a
service call in lighting drive the quality so
high that the likelihood of customers
receiving a bad component is very low.

& excelsys p/4 Littelfuse
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Circuit protection techniques developed for LED
lighting will work in almost any application because...

e (Of standards and robustness.

& excelsys % Littelfuse
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Circuit protection techniques developed for LED
lighting will work in almost any application because...

 Of standards and robustness. The LED
lighting applications see lightning strikes
and environmental extremes in excess of
what power supplies will see in most other
applications.

& excelsys p/4 Littelfuse
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Circuit protection techniques developed for LED
lighting will work in almost any application because...

e Of standards and robustness. For example,
if the circuit protection components will
withstand the abuse of a streetlight with
surges, transients, temperature variations,
rain, moisture, etc., they will be robust
enough for many other power supply
applications.

& excelsys p/4 Littelfuse
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Global safety and surge immunity standards in the
lighting field.

& excelsys % Littelfuse
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Global safety and surge immunity standards—there
are so many!

Europe

Taiwan

United States

S. America

Surge Immunity (Combo wave) |Energy Star (Based | IEC/EN 61547 |EC/ | JISCG61000-4-5 CNS 14676-5  |GB/T 18595 (Based | KE1547 (Based on
1.2:x50ps Voc/ Bx20ps Isc on |IEEE C62.41.2) ENB1000-4-5 {Based on IEC/EN | (Based on IEC/EN | on IEC/EN 61547} |[EC/EN 61547)
Integrated LED light bulbs Ring wave 2.5kV H00V/250A 61000-4-5) 61000-4-5) h00V/250A B00V/250A

100kHz Class A 1kV/5004 500V/250A 500V/250A 1kV/500A TkV/500A
(EZ7BaseEurope/E26Base USA]
(LED retrofit lamps and indoor TkV/500A 1kV/500A
commercial)
Surge Immunity {Combo wave) DOE(Basedon | IEC/ENG154TIEC/ | JISCE1000-4-5 CMS 14676-5 GB/T17626.5 | KSCIECE1000-4-5
1.2x50ps Voc/ 8x20ps Isc IEEEC.62.41.2) EM 61000-4-5% {Based on IEC/EN | {(Based on IEC/EN | (Based on IEC/EN | (Based on IEC/EN
LED Outdoor Luminaires Category C-Low | 4kV/ZkA BkV/3kA 61000-4-5) 61000-4-5) 61000-4-5) 61000-4-5}
Lighting) Category C-High

20kV/10kA
ANSI/NEMA

{spec.no. TED)
Safety UL 8750, UL 1310, | IEC/EN 62560 bulb | DEMAN standards | CNS standards GB24819-2009/ KS standards

UL 1993, UL 1598 IEC/EN 60598 JEL 801 [EC62031 LED

Luminaire Module for general
IEC/EN 61347 lighting-safety
driver
IEC/EN 62031 LED
array/module
& excelsys p7/4 Littelfuse
y el .
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Global safety and surge immunity standards.

Europe

United States S. America Japan Taiwan China Korea
Surge Immunity (Combo wave) |Energy Star(Based| IEC/EN 61547 IEC/ | JIS C61000-4-5 CNS 14676-5 GB/T 18595 (Based | K61547 (Based on
1.2x50ps Voc/8x20ps Isc on |EEE C62.41.2) ENB1000-4-5 (Based on IEC/EN | (Based on IEC/EN | on IEC/EN 61547) IEC/EN 61547)
Imegrated LEDWghtbulbs | GiaseA | TOUSOA | SOOVZS0A | SODVZSOA | IVSODA | KV/SOOA
E27BaseEurope/E26Base USA zLiass
:LEIJ retrofit Igmps and indnnl 1kV/500A 1kV/500A
commercial)
Surge Immunity (Combo wave) DOE (Based on | IEC/EN 61547 1EC/ | JIS CG61000-4-5 CNS 14676-5 GB/T17626.5 | KSCIEC61000-4-5
1.2x50ps Voc/ 8x20ps Isc IEEEC.62.41.2) EN 61000-4-5 (Based on IEC/EN | (Based on IEC/EN | {Based on IEC/EN | (Based on IEC/EN
LED Outdoor Luminaires Category C-Low | 4kV/2kA 6kV/3kA 61000-4-5) 61000-4-5) 61000-4-5) 61000-4-5)
{Street Lighting, Parking Lot BKV/3kA 10kV/5kA AkV/2kA AkV/ZkA 4kV/2kA AkV/ZkA
Lighting) Category C-High

20kV/10kA

ANSI/NEMA

(spec. no. TBD)
Safety UL 8750, UL 1310, | IEC/EN 62560 bulb | DEMAN standards | CNS standards GB24819-2009/ KS standards
UL 1993, UL 1598 IEC/EN 60598 JEL 801 IEC62031 LED
Luminaire Module for general
IEC/EN 61347 lighting-safety
driver
IEC/EN 62031 LED
array/module

WA Littelfuse

For safety,
short circuit or
overload
protection is
required by
most global
standards.
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Global safety and surge immunity standards.

Europe

United States S. America Japan Taiwan China Korea
Surge Immunity (Combo wave) |Energy Star(Based| IEC/EN 61547 IEC/ | JIS C61000-4-5 CNS 14676-5 GB/T 18595 (Based | K61547 (Based on
1.2x50ps Voc/8x20ps Isc on |EEE C62.41.2) ENB1000-4-5 (Based on IEC/EN | (Based on IEC/EN | on IEC/EN 61547) IEC/EN 61547)
Imegrated LEDWghtbulbs | GiaseA | TOUSOA | SOOVZS0A | SODVZSOA | IVSODA | KV/SOOA
E27BaseEurope/E26Base USA zLiass
:LEIJ retrofit Igmps and indnnl 1kV/500A 1kV/500A
commercial)
Surge Immunity (Combo wave) DOE (Based on | IEC/EN 61547 1EC/ | JIS CG61000-4-5 CNS 14676-5 GB/T17626.5 | KSCIEC61000-4-5
1.2x50ps Voc/ 8x20ps Isc IEEEC.62.41.2) EN 61000-4-5 (Based on IEC/EN | (Based on IEC/EN | {Based on IEC/EN | (Based on IEC/EN
LED Outdoor Luminaires Category C-Low | 4kV/2kA 6kV/3kA 61000-4-5) 61000-4-5) 61000-4-5) 61000-4-5)
{Street Lighting, Parking Lot BKV/3kA 10kV/5kA AkV/2kA AkV/ZkA 4kV/2kA AkV/ZkA
Lighting) Category C-High

20kV/10kA

ANSI/NEMA

(spec. no. TBD)
Safety UL 8750, UL 1310, | IEC/EN 62560 bulb | DEMAN standards | CNS standards GB24819-2009/ KS standards
UL 1993, UL 1598 IEC/EN 60598 JEL 801 IEC62031 LED
Luminaire Module for general
IEC/EN 61347 lighting-safety
driver
IEC/EN 62031 LED
array/module

WA Littelfuse

For surge
protection,
tolerance to
transient
overvoltage
events may be
optional, but is
critical for
functionality
and reliability.
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IEEE C62.41.1 defines three surge environments.

Cateqory C

[ Sewiﬁe drop

—
B ——

Cateqory B

Service Outlet

H rentrance

Disconnect O

Cateqgory A

Outiet |

]
1
Transformer .
Hl® breaker
L« Utility pole i >
i T -
Meter ' E

— >0 114:_—|
[ | |

T

L T JJ',:J'L’I.-‘ffJ'HPI.fII.'H.*.\‘IIJ'IIfIIJ‘f.‘J'IIfI."IHH}HHIHIHHHH -

IEEE C62.41.1 qualifies products that will be
connected to the ac mains for immunity to

& excelsys transients and surges. % Littelfuse .
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IEEE C62.41.1 defines three surge environments.

'
Cateqory © i Cateqory B E Category A,
: 1
- L] ]
= Service drop : :
— 7 : :
t 1Service  Outlet ' Outlet |
SE— N 5 :entrance : 5) i
Transformer  [H 1 Disconnect 1@ E
i § 10
H * breaker ' :
- Utility pole o =1>30ft |- |
“H* : '
Meter~ : .
ilp———————— =60 {1 41——|
[ 1 i
W LT L L L L L L T

Category A refers to parts of the installation at
some distance from the service entrance.

& excelsys % Littelfuse .
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C62.41.1 defines three surge environments.

Category C E Category B +  Category A
E .
== Senriﬁe drop E .
iService  Outlet i Outlet [
D . renlrance ! o ‘
Transformer | E Disconnect |© ;
< Utility pole |, Preaker 15307t

Meter-  H+ E

pHTTT

ufHI.*IffPfI1’I.‘1"f:'fIIJ'f-’;‘fI1'f.*J'f.‘fH}}J'ﬂf.-‘ffJ'HfI.f}ﬂ'H."fIIJ'IIH.‘Jf.'J'fI1IHIHI:‘HHHHHHHH -

Category C refers to external parts of the structure,
extending some distance into the building.

& excelsys pyta Littelfuse y
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IEEE C62.41.1 defines three surge environments.

'
Category C i Category B E Cateqory A
: 1
- [ ]
= Sewiﬁe drop : :
[ ]
t iService  Outlet ' Qutlet |
B N ' enlrance ! o i
Transformer H ' Disconnect |© ;
i § 10
H * breaker '
= Utility pole ax | I_x” =130 ft
S X
Meter — If : .
bl =60 1 41——|
[ 1 i
W LT L L L L R L T

Category B refers to parts of the installation
between Cat A and Cat C.
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Energy Star specifies surge testing per IEEE C62.41.1-
2002 (USA).

1.0
0.8

0.6
0.4

0.2

0

V(t)Vp

-0.2

04}

-0.6 |
0.8 F

-1.0

RiseTime = 0.6 ps

.
-

- ENERGY STAR

0

The 100 kHz Ring Wave (voltage and current)

Time (ps)

30

& excelsys % Littelfuse 56


http://www.how2power.com/newsletters/1611/index.html

HOW=POWEIR

I b i Y

Your Power Design MNewsletter

Issue: November 2016

Energy Star specifies surge testing per IEEE C62.41.1-
2002 (USA).

1.0
0.8

0.6

ENERGY STA

04
0.2

V(t)Vp

0

The relevant standard is
“ENERGY STAR Program
os) | Requirements for Integral
We—t———"——=—"—= LED Lamps, v1.4~

Time (ps)

-0.2

04}

-0.6 |

The 100 kHz Ring Wave (voltage and current)
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Energy Star specifies surge testing per IEEE C62.41.1-
2002 (USA).

1.0
0.8

0.6

ENERGY STAR

04
0.2

V(t)Vp

0

The relevant standard is
“ENERGY STAR Program

| Requirements for Integral
A — Tim;ms} v LED Lamps, v1.4.” It

The 100 kHz Ring Wave (voltage and current) SpeCifieS a 100-kHZ te5t
waveform with a rise time

& excelsys % Littelfuse of 0.5 ps. }
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04}
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Energy Star specifies surge testing per IEEE C62.41.1-
2002 (USA).

1.0
0.8

0.6

ENERGY STAR

ENERGY STAR

04
0.2
0

V(t)Vp

 Testlevelis 2.5 kV/83 A,
line-to-Line (class A
operation.)

-0.2

04}

-0.6 |

0.8 F

1.0 | 1 | | |
0 10 20 30

Time (ps)

The 100 kHz Ring Wave (voltage and current)
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Energy Star specifies surge testing per IEEE C62.41.1-
2002 (USA).

1.0
0.8

1 1 | 1
RiseTime = 0.6 ps

10 us g -
/\ i ENERGY STA
AN :

0.6

1)

04
0.2

= 0 \/ <] * Number of surgesis 7
] strikes in common mode
ol : and 7 in differential
T E— mode, 1 minute
Time (ps) .
The 100 kHz Ring Wave (voltage and current) b etwe e n e a C h St rl ke .
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IEC 61000-4-5 (Global) specifies transient surge testing.

1.0 I I I I = 1.0F I I =
FrontTime = 1.2 s FrontTime = 8 ps
0.8 - 08 -
a 06 - 06 -
2 < |l A
= 0.4 Duration =50 ps = 04| [Duration=20ps i
0.2 - 02 -
0 1 1 L 1 0 | 1 1 1
0 20 40 60 80 100 0 10 20 30 40 50
Time (ps) Time (us)
Combination Wave open-circuit voltage Combination Wave short-circuit current
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IEC 61000-4-5 (Global) specifies transient surge testing

FrontTime = 1.2 s

0.8
a 0.6 -
2
= 04 Duration = 50 ys
0.2 -
D [l [l 1 [l
20 40 60 80 100

Time (ps)

Combination Wave open-circuit voltage

Issue: November 2016

50

30 40

Time (us)

Combination Wave short-circuit current

The test waveform is a combination waveform—

1.2 x 50-us voltage plus 8 x 20-us current.

& excelsys p/4 Littelfuse
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IEC 61000-4-5 (Global) specifies transient surge testing

FrontTime = 1.2 s

Duration = 20us

Combination Wave open-circuit voltage

o 0.6
2 <
= o4l Duration =50 ps 04k
0.2 F - 0.2
0 [ [ 1 [ 0 | [ [ [
0 20 40 60 80 100 0 10 20 30 40 50
Time (ps) Time (us)
Combination Wave short-circuit current

= For self-ballast lamps < 25W use 500-V/250-A test

(installation class 2).

& excelsys p/4 Littelfuse


http://www.how2power.com/newsletters/1611/index.html

HOW-POWER Issue: November 2016

I Sl i~ ¥

Your Power Design MNewsletter

IEC 61000-4-5 (Global) specifies transient surge testing.

T T T T = 10
FrontTime = 1.2 s

0.8 - 08 -
a 0.6 - 06 -
2 e =l )
< 0.4 Duration =50 ps = 04| [Duration=20us i
0.2 - 02 -
0 1 1 L 1 0 | 1 1 1
0 20 40 60 80 100 0 10 20 30 40 50
Time (ps) Time (us)
Combination Wave open-circuit voltage Combination Wave short-circuit current

" For self-ballast lamps < 25W. Apply 500 V L-L with 2-Q
source impedance & 1 kV L-G with 12 Q.
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IEC 61000-4-5 (Global) specifies transient surge testing.

FrontTime = 1.2 s

Duration = 20us

Combination Wave open-circuit voltage

& excelsys p/4 Littelfuse

o 0.6
2 <
= o4l Duration =50 ps 04k
0.2 F - 0.2
0 [ [ 1 [ 0 | [ [ [
0 20 40 60 80 100 0 10 20 30 40 50
Time (ps) Time (us)
Combination Wave short-circuit current

= For self-ballast lamps > 25 W use 1000-V/500-A test.
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IEC 61000-4-5 (Global) specifies transient surge testing.

T T T T = 10
FrontTime = 1.2 s

0.8 - 08 -
a 0.6 - 06 -
2 e =l )
< 0.4 Duration =50 ps = 04| [Duration=20us i
0.2 - 02 -
0 1 1 L 1 0 | 1 1 1
0 20 40 60 80 100 0 10 20 30 40 50
Time (ps) Time (us)
Combination Wave open-circuit voltage Combination Wave short-circuit current

= For self-ballast lamps > 25 W. Apply 1 kV L-L with 2-O
source impedance & 2 kV L-G with 12 Q.
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IEC 61000-4-5 (Global) specifies transient surge testing.

1.0 I I I I = 1.0F I I =
FrontTime = 1.2 s FrontTime =8 ps
0.8 - 08 -
a 06 - 06 -
2 = |l A
< 0.4 Duration =50 ps = 04| [Duration=20us i
0.2 - 02 -
0 1 1 L 1 0 | 1 1 1
20 40 60 80 100 0 10 20 30 40 50
Time (ps) Time (us)
Combination Wave short-circuit current

Combination Wave open-circuit voltage

* Number of surges required is 40 strikes, 5+ and 5- at
phase angles of 0°, 90°, 180°, and 270° with 1 min.

W/ Littelfuse

intervals between each strike.
& excelsys


http://www.how2power.com/newsletters/1611/index.html

HOW=POWER

| HI—'H'

Your Power Design MNewsletter

Issue: November 2016

Transient surge threats—the problem.

- Lightning strikes are traveling electrostatic
discharges, usually coming from clouds to the
ground with a magnitude of millions of volts.

& excelsys p/4 Littelfuse
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Transient surge threats—the problem.

- Lightning strikes are traveling electrostatic
discharges, usually coming from clouds to the
ground with a magnitude of millions of volts.

» Surges up to thousands of volts are applied to
copper wires carrying induced current from
lightning strikes occurring up to a few miles
away.
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Transient surge threats—the problem.

- Lightning strikes are traveling electrostatic
discharges, usually coming from clouds to the
ground with a magnitude of millions of volts.

- Surges up to thousands of volts are applied to
copper wires carrying induced current from
lightning strikes occurring up to a few miles
away.

- These indirect strikes usually occur in exposed
outdoor wires, transmitting surges to devices

like streetlights or traffic lights.

W excelsys WA Littelfuse *
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Transient surge threats—the problem.

« A surge protection module (SPM), at the
upstream of the circuitry, is directly
facing surge interference coming from
the power line. It diverts or absorbs
surge energy, minimizing surge threats
to downstream devices like the ac-dc
power supply.

& excelsys p7/4 Littelfuse
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Transient surge threats—the problem.

- A surge protection module (SPM), at the
upstream of the circuitry, is directly facing surge
interference coming from the power line. It
diverts or absorbs surge energy, minimizing
surge threats to downstream devices like the
ac-dc power supply.

Note: In this presentation, a surge
protection module is also referred to
as a surge protection device or SPD.

& excelsys % Littelfuse
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Part Il

Use of MOVs for surge protection.
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Part Il

Use of MOVs for surge protection.

We start by looking at the LED luminaire.

& excelsys p/4 Littelfuse
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The LED luminaire assembly contains multiple

protection devices.

AN \

\ﬁ LEDs
SPD \\AC Input / EMI Filter Line Rectmer \ DC-DC Converter
- r\/ / i o/ Constant
r& & e J’ #r;on Step Current LED
N \ & Dowm String Driver

AC Line Fuse

TVS Diode
T— A : [ Transient protection
- " [e)Y)

for energy let through
Surge protection device with to the LED circuit

r
high surge withstand MOVs chngggel e,rs
(e.g., 25 - 34mm dia. Sizes) P P

SPD module also known

as a Surge arrestor. - 5 -
w4 Littelfuse
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The LED luminaire assembly contains multiple
protection devices.

AC Line Fuse

A fuse with adequate I*T rating
is necessary to pass Energy Star
ring-wave tests according to

IEEE C.62.41 \

G r&\#‘ _K
\

TVS Diode
== \

l Transient protection
- MOV for energy let through
to the LED circuit

Surge protection device with Controller /
High SLNGe witelana MCVA Opto Couplers
(e.g., 25 - 34mm dia. Sizes)

\ LEDs
\ N\ 1 ﬁ
SPD \AC Input / EMI Filter Line Rectmer \ DC-DC Converter
: f\J / T %o/ Constant
.& & e J’ #(0.:. Step Current LED
N ' Dovm String Driver

& excelsys T/ Littelfuse
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The LED luminaire assembly contains multiple
protection devices.

AC Line Fuse MOV

A metal oxide varistor (MOV)
can help protect the LED bulb
from overvoltage surges and
ring-wave effectes by clamping
short-duration voltage impulses.

AY

TV Diode peo

1

SPD \
i

\AC Input

/

EMI Filter

CTERTITE

Line Rectmer

DC-DC Converter

<4>¢

\' LEDs

I

T g

Constant
Current LED
String Driver

\
= = \ l
- MOV
Surge protection device with Controller /
high surge withstand MOVs
(e.g., 25 - 34mm dia. Sizes) Opto Couplers

TVS Diode

Transient protection
for energy let through
to the LED circuit
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The LED luminaire assembly contains multiple

protection devices.

AC Line Fuse

TV Diode peo

High Voltage
DC Fuse
N \
SPD \AC Input / EMI Filter Line Rectmer DC-DC Converter
L J
VET [ IV
)\

I

Constant
Current LED
String Driver

\
1 A I
- MOV
Surge protection device with Controller /
High SLNGe witelana MCVA Opto Couplers
(e.g., 25 - 34mm dia. Sizes)

TVS Diode

Transient protection
for energy let through
to the LED circuit

by

LEDs
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Protection components and systems: The LED luminaire
assembly contains multiple protection devices.

AC Line Fuse

TVS Diode PLED

ATVS Diode on the dc side
can be used to protect against
transients before entry into
converter circuit.

\ e .
SPD \\AC Input / EMI Filter Line Rectmer \ DC-DC Converter
L /
r\J 7 J, i { o CConstant
L Osc. Step urrent LED
N \ |  Dom String Driver

G '&\H _K

TVS Diode
= = I Transient protection
- MOV
Surge protection device with Controller /
high surge withstand MOVs
(e.g., 25 - 34mm dia. Sizes) Opto Cauplers

for energy let through
to the LED circuit
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The LED luminaire assembly contains multiple
protection devices.

A positive temperature
coefficient resistor can help
protect LEDs from over-current
and over-temperature.

\ LEDs
\ N\ \ f
SPD \AC Input / EMI Filter Line Rectmer \ DC-DC Converter
: f\J / T %o/ Constant
.& & e J’ #(0.:. Step Current LED
N ' Dovm String Driver

a r&\#‘ T

\ TVS Diode
\

l Transient protection
- MOV for energy let through
to the LED circuit

Surge protection device with Controller /
High SLNGe witelana MCVA Opto Couplers
(e.g., 25 - 34mm dia. Sizes)

& excelsys T/ Littelfuse
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The LED luminaire assembly contains multiple
protection devices.

LEDs
|

AN \

N
SPD \\AC Input / EMI Filter Line Rectmer DC-DC Converter f
)i

f\J Constant

/ v
’& & e J’ #{On s.&’, Current LED
N \ |  Dom String Driver

i & )
G \\ TVS Diode
1 N I Transient protection
=3 MOV for energg let through
: X 2 to the LED circuit
ﬁ;f?:ggec?m &‘3 '::OC:‘ Controller /
(€.9., 25 - 34mm dia. Sizes) Opto Couplers
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The LED luminaire assembly contains multiple

protection devices.

AY

TVS Diode

\

SPD \\AC Input / EMI Filter
1

Line Rectmer

DC-DC Converter

R R [

PLED

Open circuit
LED protection
device

I

oo e
- &

<4>¢

Constant
Current LED
String Driver

MOV

Surge protection device with
high surge withstand MOVs
(e.g., 25 - 34mm dia. Sizes)

I

Controller /
Opto Couplers

TVS Diode

Transient protection
for energy let through
to the LED circuit

by

%

& excelsys T/ Littelfuse

62



http://www.how2power.com/newsletters/1611/index.html

HOW=POWEIR

I Sl i~ ¥

Your Power Design MNewsletter

Issue: November 2016

The U.S. Department of Energy specifies these
surge testing requirements for high exposure levels.

Parameter Test Level/ Configuration
1.2/50ps Open Circuit Voltage Peak | Low: 6 k). High: 10kV*

8/20ps Short Circuit Current Peak Low: 3 k¥. High: 10kA

Coupling Modes L1toPE, L2 to PE,L1t0 72

Polarity and Phase Angle Positive at 90° and Negative at 270°

Test Strikes 5 for each Coupling Mode and Polarity/Phase Angle
combination

Time Between Strikes 1 minute

Total Number of Strikes coupling modes = 2 polarity/phase angles

0 total strikes

*This is a MINIMUM requirement. Note that for most combination wave generators, which have a
source impedance of 20, the genera rging voltage will need to be raised above the specified
level (to somewhere in the vicinity f 20kV ) {b obtain the specified current peak.

T T T 3 10F
FrontTime = 1.2 ps

1.2 x 50-us open circuit voltage and 8 x 20-pus
short circuit current combination waveform.

FrontTime =8 ps

| Duration =50 us

& excelsys T4 Littelfuse <. . 1 V. - |

40
Time (ps) Time (us)

Combination Wave open-circuit voltage Combination Wave short-circuit current
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The U.S. Department of Energy specifies these
surge testing requirements for high exposure levels.

Parameter Test Level/ Configuration

1.2/50ps Open Circuit Voltage Peak

This is our
guideline for

8/20ps Short Circuit Current Peak Low: 3 kK¥. High: 10kA

Coupling Modes
Polarity and Phase Angle

L1toPE, L2to PE,L1to 72

Positive at 90° and Negative at 270°

Test Strikes 5 for each Coupling Mode and Polarity/Phase Angle
combination

Time Between Strikes 1 minute

Total Number of Strikes = i coupling modes = 2 polarity/phase angles
= 30 total strikes

choosing surge
protection

devices for the
LED luminaire’s

—_——

*This is a MINIMUM requirement. Note that for most combination wave generators, which have a
source impedance of 20, the gene
level (to somewhere in the vicinity

raforcharging voltage will need to be raised above the specified
ﬁmh obtain the specified current peak.

power supply.

1.0

1.2 x 50-us open circuit voltage and 8 x 20-ps
short circuit current combination waveform.

| Duration =50 us

FrontTime = 1.2 ps FrontTime =8 ps

1
20

& excelsys p/4 Littelfuse |

Combination Wave open-circuit voltage

L L
20 30
Time (us)

1 L 1
40 60 80 100 0 10 40 50
Time (ps)

Combination Wave short-circuit current
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The U.S. Department of Energy specifies these
surge testing requirements for high exposure levels.

Test Level/ Configuration

Parameter

1.2/50ps Open Circuit Voltage Peak
8/20ps Short Circuit Current Peak
Coupling Modes

Polarity and Phase Angle

Low: 6 k). High: 10kV*

Low: 3 k¥. High: 10kA
L1toPE, L2to PE,L1t0 72

Positive at 90° and Negative at 270°

Note the high test
voltage and

current required,

—_——

Test Strikes 5 for each Coupling Mode and Polarity/Phase Angle .
combinaton which may push
Time Between Strikes 1 minute th t t
Total Number of Strikes = i coupling modes = 2 polarity/phase angles e e S
equipment to its

*This is a MINIMUM requirement. Note that for most combination wave generators, which have a
source impedance of 20, the generatorcharging voltage will need to be raised above the specified
level (to somewhere in the vicinity obtain the specified current peak.

1.2 x 50-us open circuit voltage and 8 x 20-ps
short circuit current combination waveform.

limits.

T T T 3 10F
FrontTime = 1.2 ps

FrontTime =8 ps

| Duration =50 us

& excelsys /4 Littelfuse .. . 1 U

40
Time (ps)

Combination Wave open-circuit voltage

L
30 40 50
Time (us)

Combination Wave short-circuit current
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Protecting against surges: Why Use MQOVs?

Valtage

230Wac

Original transient

Time

Issue: November 2016

e The TVS diode is the best
device as its lowest clamping
but it’s also the costliest.

& excelsys % Littelfuse .
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Protecting against surges: Why Use MQOVs?

Original transient

e The TVS diode is the best
device as its lowest clamping
but it’s also the costliest.

* The MOV is the most
suitable, offering the highest
protection at the lowest cost.

Valtage

230Wac

& excelsys % Littelfuse 6
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Protecting against surges: Why Use MQOVs?

Valtage

230Wac

Original transient

TVS diode

Time

& excelsys p/4 Littelfuse

The TVS diode is the best device
as its lowest clamping but it’s
also the costliest.

The MOV is the most suitable,
offering the highest protection
at the lowest cost.

But every good thing has a
limitation: MOVs have
limited lifetimes and need

protection at the end of
life.
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Protecting against surges: Why Use MQOVs?

100000 ¥ ]
MODEL SIZE » 20MM 1
Ta = 55°C TO 85°C ]
130 to 625Viac) RATING 1
1
10000
2
2 o — s
g 1000 =07 s ¢
: — ‘
-
S 100
wa 1 *
—
10 — !
———
16 100 IMPULSE DURATION () 1000 10000

MOV life is dependent on
(_’[excelsys % Littelfuse the surgesit suppresses.
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Protecting against surges: Why Use MQOVs?

ULC(”\/O .

Line Fuse )
Thermal *=
Fuse : 4 Diode 3
Element : ! H 5
— 3~ Monito ,TMOVE i Normally ON -
- Lead H ] LED 'Y > 3
X o
-
3 MOV 5
2 R Q.
o

Neutral J

A TMOV has an integrated thermal
fuse.

& excelsys p/4 Littelfuse
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Protecting against surges: Why Use MQOVs?

Liic/\/o .

Line Fuse )
Thermal =
Fuse : ' Diode 8
Element I' ' H 5
— 3 Monitor iTMOV 5 E Normally ON E
— Lead : ! LED Y >
R ]
3 MQV -§
2 R o
o

Neutral J

*A TMOV has an integrated thermal fuse.

* This ensures the MOV is disconnected
from the supply when it reaches end of life.

& excelsys p/4 Littelfuse
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Protecting against surges: Why Use MQOVs?

ne_ ™\~ ’ :

Line Fuse 2T A
Thermal *=
Fugéma ‘ ' Diode 3
Element .I ! H 5
— 5~ Monitor iTMOV ; i Normally ON b
_ Lead ' LED Wy >
R 3
3 MQV §
2 R o
o

Neutral

*The TMOV has integrated thermal fuse.

* This ensures the MOV is disconnected from
the supply when it reaches end of life.

* An iTMOV can also give indication of
end of life. " ;
@ excelsys /4 Littelfuse -
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Thermal protection of varistors is needed to protect
against the continuous overvoltage threat.

& excelsys % Littelfuse
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Thermal protection of varistors is needed to protect
against the continuous overvoltage threat.

* Metal oxide varistors (MOVs) are commonly
used to suppress transients in surge
protection modules.

& excelsys p/4 Littelfuse
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Thermal protection of varistors is needed to protect
against the continuous overvoltage threat.

e MAOVs can also be subjected to continuous
abnormal overvoltage conditions rather
than short duration transients.
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Thermal protection of varistors is needed to protect
against the continuous overvoltage threat.

e Continuous abnormal overvoltage faults are
usually caused by poor power grid quality
or loss of neutral-to-ground connection in
power transformer wiring.
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Thermal protection of varistors is needed to protect
against the continuous overvoltage threat.

* The abnormal conditions may last for
minutes, even hours.
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Thermal protection of varistors is needed to protect
against the continuous overvoltage threat.

 Ifan MOV is subjected to a sustained
abnormal overvoltage, the MOV may go
into thermal runaway, resulting in
overheating, smoke, and potentially fire.
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Thermal protection of varistors is needed to protect
against the continuous overvoltage threat.

* In many cases, it requires surge protection
module makers to include a thermal
disconnect for an MOV.
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Thermal protection of varistors is needed to protect
against the continuous overvoltage threat.

* In many cases, it requires surge protection
module makers to include a thermal
disconnect for an MOV.

 That thermal disconnect has traditionally
been a thermal fuse or thermal cut-off (TCO)
device. It disconnects the MOV from the
power line when overtemperature is
detected.
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Abnormal overvoltage can be caused by a loss of neutral.
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Abnormal overvoltage can be caused by a loss of neutral.

Common reasons for the loss of the neutral-
ground connection are:
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Abnormal overvoltage can be caused by a loss of neutral.

Common reasons for the loss of the neutral-
ground connection are:
 Wrong equipment like connector failure or
transformer malfunction
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Abnormal overvoltage can be caused by a loss of neutral.

Common reasons for the loss of the neutral-
ground connection are:
 Wrong equipment like connector failure or
transformer malfunction
* Human error such as improper installations
or connectors used, accidental line contacts
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Abnormal overvoltage can be caused by a loss of neutral.

Common reasons for the loss of the neutral-
ground connection are:
 Wrong equipment like connector failure or
transformer malfunction
* Human error such as improper installations or
connectors used, accidental line contacts
 Natural reasons like rain or thunderstorms.
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Abnormal overvoltage can be caused by a loss of neutral.

- Loss of Secondary Neutral. A broken neutral shifts its potential away and may
cause a 1.73x (y/3) over-voltage at Line-to-Neutral in the worst case.
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(A) Normal (B) Lost of neutral
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Abnormal overvoltage can be caused by a loss of neutral.

- Loss of Secondary Neutral. A broken neutral shifts its potential away and may
cause a 1.73x (y/3) over-voltage at Line-to-Neutral in the worst case.
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(A) Normal (B) Lost of neutral
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*This can result in sustained overvoltage,
which can affect the SPD & driver, MOVs can
fail and cause smoke, outgassing and

/_ excelsys eventually fire. % Litte"use@ 87
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Abnormal overvoltage can be caused by a loss of neutral.

- Loss of Secondary Neutral. A broken neutral shifts its potential away and may
cause a 1.73x (y/3) over-voltage at Line-to-Neutral in the worst case.

= —=

(A) Normal (B) Lost of neutral
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*UL1449 & IEC61643-11 specify that the SPD
should have protection against this fault for
which thermally protected MOVs are used.
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Abnormal overvoltage can be caused by a loss of neutral.

- Loss of Secondary Neutral. A broken neutral shifts its potential away and may
cause a 1.73x (y/3) over-voltage at Line-to-Neutral in the worst case.

= —=

(A) Normal (B) Lost of neutral
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* Poor installation & infrastructure result in
frequent problems, so driver & SPD should
withstand continuous overvoltage.
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MOV end-of-life failures are really hot!
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MOV end-of-life failures are really hot!

A simple experiment with three 150-V MQOVs
demonstrates this problem.
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MOV end-of-life failures are really hot!

A simple experiment with three 150-V MQOVs
demonstrates this problem.

MOD1 MOD2 LFMOD

We tested: ' . ’
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MOV end-of-life failures are really hot!

A simple experiment with three 150-V MQOVs
demonstrates this problem.

MOD1 MOD2 LFMOD

We tested: ' ’ ’

e A Littelfuse thermally protected
MOV (TMOQOV) (shown on the right)
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MOV end-of-life failures are really hot!

A simple experiment with three 150-V MQOVs
demonstrates this problem.

MOD1 MOD2 LFMOD

We tested: ' . ’

e A Littelfuse thermally protected

MOV (TMOV) (shown on the right)
A standard MOV (in the middle)
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MOV end-of-life failures are really hot!

A simple experiment with three 150-V MQOVs
demonstrates this problem.

MOD1 MOD2 LFMOD

YVetested: ' ’ ’

A Littelfuse thermally protected

MOV (TMOV) (shown on the right)
A standard MOV (in the middle)
A competitor’s standard MOV (on
the left.)
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A simple experiment with three 150-V MOVs

demonstrates this problem.

MOD1 MOD2 LFMOD

AL AL

A 250-V 10-A fault was applied,
simulating an end-of-life condition.
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MOV end-of-life failures are really hot!

A simple experiment with three 150-V MQOVs
demonstrates this problem.

Or use the link shown. &

Eexcelsys TA Littelfuse “meo=me
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Use the power supply filter to your advantage: Coordinate
the MOVs in SPD with those in the power supply.

]
I |
P T I I
L - VYTV . I
/}J : L 1 % 1
[ MOV?2 1 MOWVA [ MOV?2 :
Pl | N ; ! '
| i | I
I i I !
1 ' 5 F@JF@J ! i
AG Input : || ACInput :
le———__LEDDRVER I — SN LED DRIVER 1

Series Connection

O |
s Ciee Parallel Connection

SPD The larger disc MOVs residing in the
surge protection module (SPD) should
clamp before the smaller MOV used in

/_EKCE‘ISVS the power supply. % Littelfuse
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Use the power supply filter to your advantage: Coordinate
the MOVs in SPD with those in the power supply.

1
________________ I I
/ij b . o VYL N —y i
| FE]J MOV2 | MOV rE]J L |i r[}]J MOV2 :
| 1 | -
i . i1 N i . I
| 1 | -
: | : -
AC Input 1 G M AC Input i
' LEDDRIVER | — SPD |! LED DRIVER |

Series Connection

.FEEH.% Parallel Connection

SPD If the LED driver MOV voltage rating is lower, it
will take the brunt of the transient since it will
likely turn on first. That could resultin a

/_exCE‘lSVS catastrophic event. % Litte"use@ o
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Use the power supply filter to your advantage: Coordinate
the MOVs in SPD with those in the power supply.

1
________________ I 1
f}'d P L . A~ N\ — i
| FE]J MOV2 | MOV rri]J L |i rE]J MOV2 :
| 1 | -
i . i1 N i . I
| 1 | -
: | : -
AC Input 1 G M AC Input i
le——___LEDDRIVER I - it LED DRIVER 1

Series Connection

Parallel Connection

Impedance between the primary SPD and the
driver will help in ensuring proper
coordination. Use the EMI filter to perform

@lexcelsys  this! Wi Littelfuse
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:'gﬂ_l,” h— !
| | e i :
i 1
------ I~ F}J i L . KWFVW"\: K\J . :
| FE]J MOV2 % rri]J L i FE]J MOV2 ]
| 1 1 1
i - 1 M i - '
| 1 1 1
I I r&r& i I
T AC Input 16 M AC Input I
- \______LEDDRVER | "= > LED DRIVER |
Series Connection
ooy |
Tnw Yt Parallel Connection

MOV1 SPD

Engineers must account for enough line
impedance to direct a majority of the surge
current through the primary MOV (MOV1
above) and limit the surge current through the
secondary MOV (MOV?2 above) to a level

(;_?EKCEISYS within its surge rating. % Littelfuse
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Yeur Pruvvar Mac s Mdoawoe ]l attae

-

—————— /'\J L VYTV r‘\"
r@J MOV2 MOVA r[? L r@J MOV2
+ N FEJ'_@J -
: AQ Input G AC Input
- LED DRIVER — SPD LED DRIVER
. Series Connection
‘it Parallel Connection
MOV oo

To coordinate MOV1 and MOV2 so that most of surge
current/energy flows through MOV1, do the following:

& excelsys T/ Littelfuse
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N\ L A~y N\
r@J MOV?2 ' Movi rE]J L r@J MOV2
!
|8
AQ Input 1 e T T ACInput
{o———__LEDDRVER | — S LEDDRIVER i
Series Connection
T
TR Parallel Connection
MOV1 SPD

To coordinate MOV1 and MOV?2 so that most of surge

current/energy flows through MOV1, do the following:
1. Select MOVs with V,,(MOV1) = V,,(MOV2) where
V\, = max. cont. operating voltage.
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Parallel Connection

To coordinate MOV1 and MOV?2 so that most of surge

current/energy flows through MOV1, do the following:

1. Select MOVs with V,,(MOV1) = V,,(MOV2) where
V\, = max. cont. operating voltage.

2. Select MOVs with V. (MOV1) = V- (MOV2) where V_
= max. clamping voltage.
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war Moo am Mdowoe ]l attar

A~y

To coordinate MOV1 and MOV?2 so that most of surge

current/energy flows through MOV1, do the following:

- r@JMOVE
AG Input
LEDDRIVER
O
TR Parallel Connection
MOV SPD
1.
2.
3.
& excelsys

Select MOVs with V,,(MOV1) = V,,(MOV2) where
V\, = max. cont. operating voltage.

Select MOVs with V- (MOV1) = V(MOV2) where V.
= max. clamping voltage.

Inductance L may be added in series connected
SPD. Increasing L will result in better coordination
as MOV1 will absorb higher surge energy. VMOV1

= VMOV2 + L * di/dt
Wi Littelfuse
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Note that the filter’s series impedance with
the SPD helps clamp transients.

S
1)

L o—F——
1:' I _I
PF o— SR O il pE
Fa !
N O i ™ e d— Y

& excelsys p/4 Littelfuse

106


http://www.how2power.com/newsletters/1611/index.html

HOW=POWEIR

I Sl i~ ¥

Your Power Design MNewsletter

Issue: November 2016

Residual energy passes through the SPD.

. e @ - @ = - 1
4 | F1 R1 I
_— | 12 Movzlni:? |
! I

G | |
| | AC Input !

B L _____ L E_DD_RIlM!_ER_ L | J

MOWV1 SPD
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Residual energy passes through the SPD.

The surge protection

L 1 A ' module (SPD) absorbs
v i oz Vi ' most of the surge
6 — | energy; however, there
i L — == RNEL — o s still residual energy
@QE‘S going into power supply
MOWV1 SPD .
and causing damage to

the components inside.
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Residual energy passes through the SPD.

. - To minimize the damage,
L 1A __ X ' the power supply should
G i oz Bl ' coordinate with the
° T — | surge protection module

i L — - - FRNEL s 5o that less energy

E%D enters the application.

& excelsys p/4 Littelfuse

109


http://www.how2power.com/newsletters/1611/index.html

HOWZPOWER
1 WS~ Y

Your Power Design MNewsletter

Issue: November 2016

Residual energy passes through the SPD.

1. [ F1 R1 l

" I1 | 12 Movzlw I

| |

G I |

| | AC Input !

- L _____ L E_DD_RI\J!_ER_ | J
MOWV1 SPD

The residual voltage is determined
by MOV1, so a varistor with fast-
response-time and low clamping

& excelsys voltage is preferred. % Littelfuse
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Residual energy passes through the SPD.

L L. I ,_F\L R1 !
Y| WMo B
J I
G_I_ : AC Input :
N P LEDDRIVER _
o
-0
LA SPD . . o, o
Regarding residual current, it is suggested that
MOV2 have a higher clamping voltage than MOV1
to maximize 11 and minimize 12 so that fuse F1 is
not damaged by residual current.
& excelsys
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Residual energy passes through the SPD.

L L. I ,_F\L R1 !
" Y i 12 Movzlw :
|
G_L_ : AC Input :
B L = LEDDRIVER  _ 4
A
ﬁﬁn R1, the equivalent resistance of the primary
circuitry including NTC, EMI filter, rectifier, PFC,
transformer, transistor, etc., could be adjusted
higher if necessary to minimize 13 and component
damage in the primary circuitry.
& excelsys
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For more information, see the LSP10240 series
product page.
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Prior to that, Kevin worked for Fairchild
Semiconductor in the Americas as senior director of

~ field applications engineering and held various
technical and management positions with increasing
responsibility at ON Semiconductor and in the
Motorola Semiconductor Products Sector. Kevin also
led an applications engineering team for the start-up
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