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INTRODUCTION

One problem that most, if not all electronic equipment
designers must deal with, is transient overvoltages.
Transients in electrical circuits result from the sudden
release of previously stored energy. Some transients may be
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switching, commutation voltage spikes, etc. and may be
easily suppressed since their energy content is known and
predlctable Other transients may be created outside the
n coupled in
llghtmng, substatlon problems, or other such phenomena.
‘These transients, unlike switching transients, are beyond the
control of the circuit designer and are more difficult to
identify, measure and suppress.

Effective transient suppression requires that the impulse
energy is dissipated in the added suppresso at a low enough

inta it Thaga can ha cancad hy
WU 1L, 11IVDLV vall UL vausuvu U_y

valtaca qn tha canahils
yuliuagv SV uiv DCI[JCIUIIII, b

exceeded.

REOCCURRING TRANSIENTS

Transients may be formed from energy stored in circuit
inductance and capacitance when electrical conditions in the
circuit are abruptly changed.
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APPLICATION NOTE

The energy (I) in the transient is equal

dt e
to 1/2Li2 and usually exists as a high power impulse for a
relatively short time (J = Pt).

If load 2 is shorted (Figure 1), devices parallel to it may
be destroyed. When the fuse opens and interrupts the fault
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a voltage equal to Ldi
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uppiy proGquces a
transient voltage spike of V = L= with an energy content of

J = 1/2L12 This trans1ent might be beyond the voltage

P i
amplltude of the normal secondary Voltage

In addition to the above phenomena the capacitively
coupled (CS\ \lnlta(n-'- snike has no direct relationshin with
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the change in current (ﬂ in an inductor (L) will generate the peak applied primary voltage.
t
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Figure 1. Load Dump with Inductiv we
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Figure 2. Situation Where Transformer Capacitance Causes a Transient

TRANSFORMER PRIMARY
BEING DE-ENERGIZED

If the transformer is driving a high impedance load,
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created at the secondary when the primary circuit of the
transformer is opened during zero-voltage crossing of the ac
line. This is due to the interruption of the transformer

magnatizing ocnrrant which ~ancag a ranid

magnetlc ﬂux in the core. This, in turn, causes a hlgh voltage
transient to be coupled into the transformer’s secondary
winding (Figure 3).

—

SWITCH

o

Im
o

AC
LINE

Transients produced by interrupting transformers
magnetizing current can be severe. These transients can
destroy a rectifier diode or filter capacitor if a low
impedance discharge path is not provided.

SWITCH “ARCING”

When a contact type switch opens and tries to interrupt
current in an inductive circuit, the inductance tries to keep
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Figure 3. Typical Situation Showing Possible Transient When Interrupting
Transformer Magnetizing Current
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This can also happen when the switch contacts bounce
open after its initial closing. When the switch is opened (or
bounces open momentarily) the current that the inductance

wanta to kaan flavwing will ageillata hatvwoaan tha gtravy
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capacitance and the inductance. When the voltage due to the
oscillation rises at the contacts, breakdown of the contact
gap is possible since the switch opens (or bounces open)

valativaly glawl ad ta tha acnillatinn fraaniancy and
iCiauverny DIUVVI_)‘ uuluyaluu to the osciuation equiciily, aiia

the distance may be small enough to permit “arcing.” The
arc will discontinue at the zero current point of the
oscillation, but as the oscillatory voltage builds up again and

tha ~cantants maovae firthar anart anch arc v
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higher voltage until the contacts are far enough apart to
interrupt the current.

WAVESHAPES OF SURGE VOLTAGES
Indoor Waveshapes

Measurements in the field, laboratory, and theoretical
calculatlons indicate that the majority of surge voltages in
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frequency is a realistic value for a typical surge voltage for

mogt recident
esiaent

ndustrial ac wire systems
mostr naust m

rial ac wire systems.

The waveshape shown in Figure 5 is known as an “0.5 us
— 100 kHz ring wave.” This waveshape is reasonably
representative of indoor low-voltage (120 V — 240 V) wiring
system transients based on measurements conducted by
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defined as rising from 10% to 90% of its final amplitude in
0.5 ps, then decays while oscillating at 100 kHz, each peak
being 60% of the preceding one.

The fast rise portion of the waveform can induce the
eﬁects associated with non-linear voltage dlstr1but10n in

langthanad ag thau n
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reflected from wiring discontinuities.

4 x1.67=12ps

! 50 ps

(a) Open-Circuit Voltage Waveform

Figure 6. Unidirectional Wav
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Figure 5. 0.5 us 100 kHz Ring Wave

The oscillating portion of the waveform produces voltage

polarlty revercal effects. Some cemiconductors are cencitive
Feversar CiiClis. SOMIC SCIMICONGUCLOLS al'C SCISIuVe

to polarity changes or can be damaged when forced into or

ot afaandinctian (i a ravarga racavary anf rantifiar davicag)
ut of conauction LG TOVEIST ICCOVETY U1 IOty GOViCTs ).

The sensitivity of some semiconductors to the timing and
polarity of a surge is one of the reasons for selecting this
oscillatory waveform to represent actual conditions.

OQutdoor Locations

nt an tha wavy
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surges.
Properly selected surge suppressors have a good
reputation of successful performance when chosen in
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recommended waveshape of 1.2 x 50 us (1.2 ps is associated
with the transients rise time and the 50 s is the time it takes
for the voltage to drop to 1/2V ) for the open circuit voltage
and 8 x 20 us for the short circuit current are as defined in
IEEE standard 28-ANSI Standard C62.1 and can be
considered a realistic representation of an ou r

waveshape.
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(b) Discharge Current Waveform

http:/lonsemi.com



AN843/D

The type of device under test determines which
waveshape in Figure 6 is more appropriate. The voltage
waveform is normally used for insulation voltage withstand

tagte and tha cnerant vwavaform 1 nally icad far diccharoa
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current tests.

RANDOM TRANSIENTS

The source powering the circuit or system is frequently
the cause of transient induced problems or failures. These
transients are difficult to deal with due to their nature; they
are totally random and it is difficult to define their
amplitude, duration and energy content. These transients are
generally caused by switching parallel loads on the same

branch of a power distribution system and can also be caused

by lightning.

AC POWER LINE TRANSIENTS

Transients on the ac power line range from just above
normal voltage to several kV. The rate of occurrence of

trangiante variag rdaly fram ana hranch Af o
uwansiCiils varics vvnuuly oM Oonc orantn O1i a

POWCK
distribution system to the next, although low-level transients
occur more often than high-level surges.
Data from surge counters and other sources is the basis for
the curves shown in Figure 7. This data was taken from
nnvatantad (na valtaca limiting davicag) pircnite manning
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that the transient voltage is limited only by the sparkover

distance of the wires in the distribution svstem
GISance O e wWires 1 e GIsitrisutlion sysiem.
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Figure 7. Peak Surge Voltage versus Surges per Year*

*EIA paper, P587.1/F, May, 1979, Page 10
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open circuit voltages do not change very much throughout
the structure since the wiring does not provide much

The low exposure portion of the set of curves is data
collected from systems with little load-switching activity

that are located in areas of light lightning activity.

attenuation. There are three categories of service locations

a
<

electrical service entrance to the most remote wall outlet.

Medium exposure systems are in areas of frequent

lightning

These are listed below. Table 1 is intended as an aid for the

overhead lines which supply installations that have high

High exposure systems are rare systems supplied by long

preliminary selection of surge suppression devices, since it

impedance.

power line ends.

electrical service entrance. Outlets more than 10 meters

transient voltages will be limited to approximately 6 kV in

When using Figure 7 it is helpful to remember that peak

using standard wiring practices.

Il (wire gauge #14 — #10)

TRANSIENT ENERGY LEVELS AND

Category II: Major bus lines and circuits a “short distance”

SOURCE IMPEDANCE

transient in a way that is determined by the two impedances.
With a spark-gap type suppressor, the low impedance of the

to the service entrance.

Distribution panel devices.

Arc after breakdown forces most of the transient’s energy to

series with the spark-gap and/or in the transient’s source

impedance.

Category III. Electrical service entrance and outdoor

locations.

mov’s, rectifiers operating in the breakdown region) on the

Voltage clamping suppressors (e.g. zeners,

Power line between pole and electrical service entrance.
Power line between distribution panel and meter.

energy. So it is necessary that a realistic assumption of the

select a device with an adequate surge capability.

Categories I and II in Table 1 correspond to the extreme

The 100 kHz “Ring Wave” shown in Figure 5 is intended

a
<

range of the “medium exposure” curve in Figure 7. The

The waveshape will change when a load is connected and the
impedance. The surge suppressor must be able to withstand

assumption of

suppressor performance.

II because of the increase in surge impedance due to the fact

that Category I is further away from the service entrance.

The surge currents in Category I are less than in Category

sufficient stresses, while an assumption of too low a surge
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Category

there is a trade-off between the size (cost) of the suppressor

2. Discharge current of the surge (not the short circuit current of the power system)

Notes: 1. Open Circuit voltage

ith different system voltages (assuming the same
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ing veltage, which canbe d

g

S suppressor’s clamping

ion with the st
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LIGHTNING TRANSIENTS
There are several mechanisms in which lightning can
produce surge voltages on power distribution lines. One of
them is a direct lightning strike to a primary (before the
substation) circuit. When this high current, that is injected
into the power line, flows through ground resistance and the

qQuire nada af tha condiictarg sary Inrn

Surge imyvuaﬂce O1 ¢ Conauciors, very ia

voltages will be produced. If the lightning misses the
primary power line but hits a nearby object the lightning
discharge may also mduce large voltage transients on the

Whan o v\v'w\n
vwiiCili a pPi

Ilnn
limits the primary voltage

effectively couple transients to the secondary circuit throug.

) ! wdary circu !
the capacitance of the transformer (substation) windings in
addit: tn thaca cnimmlad inta tha gacnndary circnit hy
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normal transformer action. If lightning struck the secondary
circuit directly, very high currents may be involved which
would exceed the capability of conventional surge

Dump” can cause the most destructive transients; it is when
the battery becomes disconnected from the charging system
during high charging rates. This is not unlikely when one

qidarg had hattam, ~n

oan t+hh o
VUL

anti diia tn rracian Ar o
vuivi

ers bad battery connections due to corrosion ot
wiring problems. Other problems can exist such as steady
state overvoltages caused by regulator failure or 24 V
battery jump starts. There is even the possibility of incorrect
battery connection (reverse polarity).

Capacitive and/or inductive coupling in wire harnesses as
well as conductive coupling (common ground) can transmit
these transients to the inputs and outputs of automotive
electronics.

ciaty of Antam otive En i

The Cn, 1

The Society of Automotive E)d
a table describing automotive transients (see Table 2) which
is useful when trying to provide transient protection.

Considerable variation has been observed while gathering
data on automobile transients. All automobiles have their
electrical systems

not the intent of
o ulC ISt O1

cet un differently and it ig
SCUUpP GLIICICNuY and it is

suppressors. Lightning ground current flow resulting from this paper to suggest a protection level that is required. There
nearby direct to ground discharges can couple onto the will always be a trade-off between cost of the suppressor and
Anmarmn crmtnd  dmamoadancs  smathe ~AF tha  arcrindine tha laval af neatantian ahtainad Tha cancant Af ana magtar
common grouna impedance pains Of tne groundaing uiC 1I8VE1 O1 Proteciidn Ootainca. 1 i Conceptl 01 Onc masicrt
networks also causing transients suppressor placed on the main power lines is the most
cost-effective scheme possible since individual suppressors
AUTOMOTIVE TRANSIENTS at the various electronic devices will each have to suppress
Transients in the automotive environment can range from the larges{ transient that is hkely to appear (Load Dump)’
the noise generated by the ignition system and the various hence each individual suppressor would have to be the same
accessories (radio, power window, etc.) to the potentially size as the one master suppressor since it is unlikely for
destructive high energy transients caused by the charging several suppressors to share the transient discharge
(alternator/regulator) system. The automotive “Load
Talhla 9 Tumiaal Tuamaiam b Cunmmsssndawa moblaa Assbnmmandivia Eausiva e am
rauvic < Iy.l,'lbdl IIﬂII&IEIIl& I:IILULIIII.EIC I uie Auwul IUlIV= IVIIUIIIIICII[
Length of Energy Capability | pggsible Frequency
Transient Cause Voltage Amplitude of Application
o0
Steady State | Failed Voltage Regulator Infrequent
+18V
o0
5 Minutes Booster starts with 24 V battery Infrequent
+24 'V
Load Dump — i.e., disconnection of battery during >10J
4.5-100 ms high ch ¢ ’ hd Infrequent
igh charging ra es <125V
<1J
<0.32s Inductive Load Switching Transient Often
-300 V to +80 V
) <1J
<02s Alternator Field Decay Each Turn-Off
—-100Vto—-40V
. <
Ignition Pulse <05J 500 Hz . .
90 ms Disconnected Batter Several Times in
Y <75V vehicle life
o <1J
1ms Mutual Coupling in Harness Often
<200V
" <0.001J 3500 Hz
15 us Ignition Pulse Normal 3V Continuous
Accessory Noise <15V 50 Hz to 10 kHz
Transceiver Feedback ~ 20 mV R.F.
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There will, of course, be instances where a need for
individual suppressors at the individual accessories will be
required, depending on the particular wiring system or
situation.

TRANSIENT SUPPRESSOR TYPES
Carbon Block Spark Gap

Thig iq tha oldagt and mogt commaonly niged trangiant
LIS 1S ulC U1GlSsL Al Imost COMmImoily usSClU uaiisSiciit
qunnressor in nower digtribution and telecommunication
SUppresSSOr il pOWCT GiSuiouulil ail WiCCoMnuiilau ol
Systems The device congicte of two carbon block electrodes
1 0C GCVICC CONSISS O tWO CaroOll 0i0CK CiCCU'CGLS

separated by an air gap, usually 3 to 4 mils apart. One
electrode is connected to the system ground and the other to
the signal cable conductor. When a transient over-voltage

al ears ite enerov is digcinated in the arc that forme hetween
ppears, its energy is dissipated in the arc that forms between

the two electrodes, a resrstor in series with the gap, and also

noa which danandg o

tha trangiant’q o
altive, VVlll\tll uLvpwv uua vl

in e
in inc wansicnt's sdu

The carbon block gap is a fairly inexpensive suppressor
but it has some serious problems. One is that it has a

Iv chart garvica lifa and tha athar ig tha
1 DllUll DVIVIVUL 111V dllu uUlIv UuIvl 1D uial

Qgin it o
VODIVIL VYUl 111V

ransient voltages below an acceptable

-

suppressors to keep
level.

Gas Tubes

The gas tube is another common transient suppressor,
especially in telecommunication systems. It is made of two

atallin ~anndiictare 1
mcitanic Conaucionrs

nahility and

carmmuing oa s
Carrying capaociiity ana 3T

The possibrllty of seal leakage and the resultant of loss
protection has limited the use of these devices.

Selenium Rectifiers

Selenium transient suppressors are selenium rectifiers

used in the reverse breakdown mode to clamp voltage

incag ava galf_hanling
ViCCS 11ave SCi-niCdiiiig

<
<
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tha valtaga plamning canahility Af 7anar dindag Thig ig
uiC vOiage Ciamiping Capaociiity 01 Z&ndlr Gidacls. 11is is
canging thair nngace to hacaome maore and maore limitad
Causing it usagd 10 oCCOMC MoOre anG more (imiwea.

An MOV is a non-linear resistor which is voltage

dependent and has electrical characteristics similar to
back-to-back zener diodes. As its name imnlies it is made up

ZCnCl GQl1OCCS. 1S Dalnge AnNpcs mismage u

of metal oxides, mostly zinc oxide with other oxides added

o ntral alantrical charantaricting MOV charantariatiog ara
w bUllllUl L/l\z\/l,l mwal bllalablbl ISUILVD. 1VIU ¥V vildildaviviiduvd alv

compared to back-to-back zeners in Photos 2 through 7.
When constructing MOV’s the metal oxides are sintered
at high temperatures to produce a polycrystallm structure

intergranular boundaries. These boundaries are the source of
the MOV’s non-linear electrical behavior.

MOV electrical charactarictiog are mainly contraglled by
VI Vovivviuival viialaviviiisuvs alv iiialiily vviliuuviivua v
tha nhugical dimangiong of tha nalvorvgtallina gtrnintnira
uiv }Jll.ybl\-tal UHHIVIIDIVLL vl uiv PUI]\:I)’DLGIIIIID SuuLvuUL v
since conduction occurs between the zinc oxide grains and

the intergranular boundaries which are distributed
throughout the bulk of the device.

The MOV polycrystalline body is usually formed into the
shape of a disc. The energy rating is determined by the
device’s volume, voltage rating by its thickness, and current
handling capability by its area. Since the energy dissipated

in tha davica iq gnraad thranichant ite antira matal Avida
i I,ll\t UL VviILvL 1D a})luau uuuusuuut 1D Vil v 11iviual VAUV

volume, MOV’s are well suited for single shot high power
transient suppression applications where good clamping
capability is not required.

The major disadvantages with using MOV’s are that they
can only dissipate relatively small amounts of average
power and are not suitable for many repetitive applications.
Another drawback wrth MOV’s is that their voltage
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ratings. For example,
handling canability of 1000 A has a !i etime

Capaliiivy Ui

o
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at 1000 Apk, 100 surges at 100 Ay and approximately 1000
surges at 65 Ap.

TRANSIENT SUPPRESSION
USING ZENERS

Zener diodes exhibit a very high impedance below the
zener voltage (Vyz), and a very low impedance above Vy.

Because of these excellent clipping characteristics, the zener

diode is often used to suppress transients. Zeners are

intalavant ~f aveaggiv ve stress so it i imnartant +6 knaw tha
HIWIVIALIL Ul VAVULOIJIVUL DUIULOD DU 1L 1D 11Ipuludalil WU RIUVY uiv
nAwor I’\th"l;hﬂ {‘Qﬂ')l’\;l;f‘! ‘F{\" Ql'\f\"f I’\IIICQ I"III‘QfIf\hC
POWET nanG:ing Capachuity 10r snort puise Gurations.

Most zeners handle less than their rated power during
normal applications and are designed to operate most

affantivaly at thic law laval Zanar trangiant quinnracqnrg
bllbbtlvbl) At ulld 1UVY IVVUul., /1D ualidivii au_pylvaaula
such as the ON Semiconductor IN6267 Mosorb series are
decioned ta take lornn chart duration nower nulca eS.
Gesigned 1o take iarge, snort guration power puise

This is accomplished by enlarging the chip and the
effective Junctlo area to withstand the high energy surges.

nankaga daa

Q N atly Fen
pavnazv uuld 11iv 1

Y2 ||n|ﬂ a faor ON

n ..- not ai
1L nv valiiaviv 11Ul UiIN

Semrconductor dev1ces Frgure 8 can be used. This data
applies for non-repetitive conditions with a lead temperature
of 25°C.

It is necessary to determine the pulse width and peak
power of the transient being suppressed when using

a Q Thig can ha dana
C 0. 111iS Cail 0C GO
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the transient is and approximating it with a rectangular pulse
with the same peak power. For example, an exponential
discharge with a 1 ms time constant can be approximated by
a raptangiilar niileca 1 mag wida that hag tha gcama naak nawwar
a lvutausulal l.lulbb 1 111D VWiIUL uldl 11ad uiv salliiv Pbal\ lJUVV\tl
as the transient. This would be a better approximation than
a rectangular pulse 10 ms wide with a correspondingly lower
amplitude. This is because the heating effects of different
a width lang affart tha nawar handls
' U l\allélllb auu\.«t uiv lJUVV\tl uauuuug ua})auuu_y, CID
can be seen by Figure 8. This also represents a conservative
approach because the exponential discharge will contain ~
1/2 the energy of a rectangular pulse with the same pulse

width and amplitude.

E
o 2
S 10 4
s e
g 2 - 1N6267 SERIES
-
z ! SEIEE
=S 05 i i — e
e 0.2 ~=L] = 5 WATT TYPES
< TO3W TYPES = 'é
S 01 %pusnc DO 4125 e ==
Z0.05F e \
nﬂ_-002_250mWT01WTYPESI ~ -
0.01 — GLASS DO-35 & GLASS DO-41 i —~
001 002 005 01 02 05 1 2 5 10

PULSE WIDTH (ms)
Figure 8. Peak Power Ratings of Zener Diodes

When used in repetitive applications, the peak power must

indicatad hy tha ~iey, af Rign rava o

a radiicad ag o agq ra O Ax a
maicacu U)’ the curves of I 1IZuiT 7. Aviiage

=

power must be derated as the lead or ambient temperature
exceeds 25°C. The power derating curve normally given on
data sheets can be normalized and used for this purpose.
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The peak zener voltage during the peak current of the
transient being suppressed can be related to the nominal
zener voltage (Eqtn 1) by the clamping factor (F¢).

Eqtn 1: Vzpk) = Fc (VZ(nom))

Unless otherwise specified Fc is approximately

w2
=
S
2
o
g=l
a
<%
=3
<
S
=
o
IQ
a
o
g
Rl ®)

handling 450 watts for 0.1 ms or 50 watts for 10 ms. (See
Figure 8.)

This occurs because the zener voltage is a function of both
junction temperature and IR drop. Longer pulse widths
cause a greater junction temperature rise than short ones; the
increase in junction temperature slightly increases the zener

valtaga diia t6 haoting -n
vuuasb uuv w llballllé 1D

idantical anars
1GCIILCAr it

widths of identical energy content.

An approximation of zener impedance is also helpful in
the design of transient protection circuits. The value of
Rz(nom) (Eqtn 2) is approximate because both the clamping
factor and the actual resistance is a function of temperature.

V27(nom) (Fc —1)

Eqtn 2: Rz(nom) = Pok(nom)

VZz(nom) = Nominal Zener Voltage

1:’pK(nom)
pulse width a
IN6267 zener suppressor has a Ppgnom) of 1.5
pulse width of 1 ms.

As seen from equation 2, zeners with a larger Ppk(nom)

capability will have a lower Rz(nom)-

ZENER versus MOV TRADEOFFS
The oclamning charantarictiog of Zanarge and MO\ % ara
11V Ulalll}]llls VIIAIAVIVIIOUIVD Ul Z.V1IV1ID dllu 1ViIvU vV O alv
L.cmf nnmnnvo,l Ty, m quring thair valtagag iindar trangiont
ULOL VUL ll!.lal u U)‘ j 8 DUl lllé iVl vuua,\_.’, Uliuvl ualiiviiu
cond1t1ons Photos through 9 are the result of an

approximately 1.5 capabili
approximaiciy 1.J50 ¢apao

V27ZAA4, 4] capability); both are 27 V devices.

Photo 1 shows the pulse generator output voltage. This
generator synthesizes a transient pulse that is characteristic
of those that may appear in the real world.

Dhatae 2 and 2 are clamning valtacag of the MOV
r1iiowosS <2 aiG 5 aiC Ciaiiping vuuasvo O1 ui® viv

Dhatog 4 and § are the clamning voltaceg with a quroe

1 11vUwwwo T allu Joalv Uulv vialllpilg VUILAELVS Vil a sSulzv
source impedance of 50 Q.

Dhatag 6§ and 7 gimulate a condition where the qurce

1 1IVLUDS VU allu /7 Jllldidilv a VUIIUILUIVILIL WIIVIV UiV DUl gV
source impedance is 5 Q.

Photos 8 and 9 show a surge source impedance of 0.55 Q)
which ig at tho limitg ofthe Zener qunnregsar’s canahility
VYILIVIL 1D Al UIV 1IIW VUl UiV Z.viivia OUlJlJl voouvL O \/alJaUllll
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PHOTO 1
Open Circuit Transient Pulse
Vert: 20 V/div
Horiz: 0.5 ms/div
Vpeak =90 V
HEEE
A O R S A R
B = < B A
III=EIIIII
N |
ll‘%;llll
PHOTO 2
MOV (27 V)
Vert: 10 V/div

Horiz: 0.5 ms/div
Transient Source Impedance: 500 Q
Vpeak = 39.9V
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PHOTO 3

Zener (27 V)

Vert: 10 V/div

Horiz: 0.5 ms/div

Transient Source Impedance: 500 Q
Vpeak = 27 V

PHOTO 4

MOV (27 V)

Vert: 10 V/div

Horiz: 0.5 ms/div

Transient Source Impedance: 50 Q
Vpeak =44.7V

PHOTO 5§

Zener (27 V)

Vert: 10 V/div

Horiz: 0.5 ms/div

Transient Source Impedance: 50 Q
Vpeak =27 V

http:/lonsemi.com
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PHOTO 6

MOV (27 V)

Vert: 10 V/div

Horiz: 0.5 ms/div

Transient Source Impedance: 5 Q
Vpeak =52V

PHOTO 7

Zener (27 V)
Vert: 10 V/div
Horiz: 0.5 ms/div

HEEEEINEN 0.
...!!....Inn Transient Source Impedance: 5 Q

Vpeak = 28 V

PHOTO 8
MOV (27 V)
Vert: 10 V/div

Horiz: 0.5 ms/div
Transient Source Impedance: 0.55 Q
N

N e
N e ]

N B
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(<2}
(@]
-
(o}
I
o

Zener (27 V)
Vert: 10 V/div

Horiz: 0.5 ms/div

Transient Source Impedance: 0.55 Q

Vpeak: 30.2 V

Peak Power: Approx 2000 Wpeak
(The limit of this device’s capability)

Figure 11b.)

than the MOV even though that particular Zener has less

A
B

OR #
Figure 10. Zener Arrangement for

surge current, and when using an MOV, the high impedance

compared with. However, the energy rating can be
s
11
with using a zener type suppressor is its cost versus power
. .

misleading

MOV to clamp voltages (suppress transients) as well as the

Bidirectional Clamping

capabilities of

VL

Zip

fail short.

in the

is

The theoretical reaction time for Zeners
picosecond range, but this is slowed down somewhat with
N

LOAD

Vin
o,

transient suppressors have a typical response time of less
. - .

important to minimize external inductances (due to wiring,

Figure 11a. Using Zener to Protect Load
Against Transients

which will minimi
sl nor "
A% lls

Figure 10.)
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Figure 11b. Overshoot Due to Inductive Effect

placed in parallel with the load, or component to be

the voltage appearing across the load, the suppressor should

http:/lonsemi.com
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Zener capacitance prior to breakdown is quite small (for
example, the 1N6281 27 Volt Mosorb has a typical
capacitance of 800 pF). Capacitance this small is desirable
in the off-state since it will not attenuate wide-band signals.

nanitann~a

(o < o iva nn
v, WIICK 1ve Capaliuaiice

I:IQ
w
&

<

S
c
175}
1

i)
e+

increases drastically from what it was in the off-state. This
makes the Zener ideal for parallel protection schemes since,
during transient suppression, its large effective capacitance

will tand +a hald tha valtaca anern
VVIl1I Wliu LU 1IVIU UiV vuluagv avi v,

constant; while in the off-state (normal conditions, no
transient present), its low off-state capacitance will not
attenuate high frequency signals.

Input impedance (Zj,) always exists due to wiring and
transient source impedance, but Z;, should be increased as
much as possible with an external resistor, if circuit
constraints allow. This will minimize Zener stress.

CONCLUSION
The reliable use of semiconductor devices requires that

qaq tha nratactad alamant
DD UIV PluUuilLvuvivu viviiivin

avarvoltacag
vuiagevs

components.

These transients may be generated by normal circuit
operations such as inductive switching circuits, energizing
and deenergizing transformer primaries, etc. They do not
present much of a problem since their energy content,
duration and effect may easily be obtained and dealt with.

Random transients found on power lines, or lightning

transients, present a greater threat to electronic components

since there is no way to be sure when or how severe they will
winchn Or NOW SEVE Wiii

there is no way to be sure re they
be. General guidelines were discussed to aid the circuit
Adagionar in daciding what qiza (canahilitvy, and ~agt)
uual;_.’,uvn 11 \l\t\.«lulllé vviiau iy A \\uﬂ_}.}ﬂUlllL_y alu UUBI,)

suppressor to choose for a certain level of protection. There
will always be a tradeoff between suppressor price and
protection obtained.

Several different suppression devices were discussed with
emphasis on Zeners and MOV’s, since these are the most
popular devices to use in most applications.
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