A new approach to
surge suppression

Aot ity

This article
generated

1,500 inquiries
in 6 weeks.

Sewiir Memlar

A new type of surgesuppression technology, e
cently intraduced by ROA Solid State, has been de
veloped to protect sophisticated electronie cirewits
from rapid, high-voltage power surges that comen
tional surge suppeessors cannot handle

This new surge protector, ealled a Surgeetor'™, s
really a twoinone device combining two proven
components—a zener diode and a thy ristor—in a sin
ple unit

Because it combines the continnous voltage pro
tection of the zener with the thyrivtor’s abiity to
handle high current, the Surgoctor provides instan
tneous protection against fast-rising, high-soltage
pulses—pulses that are too rapid or 1oo powerful for
conventional devices (such as gas tubes, MOV, air
gup carbon blocks, or stand-alone zeners) to block

As o result, the Surgector provides much nerded
sccondary surge protection lor telecommumicut ons
cirewitry, dota links, and other sensitive electronic
circoits that are especially ssceptible to damage
from transient voltage

A Look at the Problem

The need for a new type of sirge supprossor stems
from the increasing sophistication of today’s elec
tronics In the telecommmmications industry, for ox
ample, the trend is toward increasing wse of medivam
scale integrated (MSTH and very large scale integrated
(VLS)) circuits. These circuits, used in equipment
that transmits, processes, codes, switehes, and stores
data, have multifunction capability but are intolerant
of voltage overloads

The most conunon devies wasd 1o protect these
circuits is the gas dischorge tabe; aie gap carbon
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blocks are also frequently emploved for surge sup
pression. While these deviees ean handdle extremehy
high currents, they do not switeh rapiddly enough 1o
cateh the fast-peaking pulses characteristic of light

ning, clectrostatic discharges, lood changes, commn
tation spikes, and switching tramsients Henee, a we

onlary surge suppressor—one that reacts guickly
vnough 1o of

W Lhe Fastest poolses—is nevded 6 pro-
vide complete comtinuons protection. Amd that s
where the Surgector comes

How It Works

The Surgector ks 3 monobithic devios T consists of
an SCRAype thyristor whose gate reglon contains o
spectal diffused section that acts as a 2ener diode
The zener portion of the Surgector peo sdes conting
ot protection of the ciroit, et as a stand-alone 7
ner woukd

Here's how it works

The Surgector albows normal operation of the cir
colt as Jong as the voltige dives el eaevy

| a evrelnin
maximam value (Vs RUA entrently svonfactures
Surgectors rated at 30, 60, 100, and 230 voltx

When a teansient pulse it the line, voltuge begins
1o rivea=olten at an extrenndy ragned rate. Lightniog.
for example, can couse a voltage rise in cxcess of 1000
volts per imicrosecond

A gos b o carbon Slock canmol act agridly
enotgth to block such o palse, but the Surgeetor can

As soom i the voltage reaches the avalunche break

o voltagee, the sener instantly “clamps™ the yvolt
e Thee voltage can rise abov e its normal valoe for
1y unl; the Surgector
comures That the protected cirenit iever sees a volt

ciremit, but only by a wanll a

ag greater than 11O pereent of the zener avalanche
operating voltige

This ds whvwere the thy ristor portion of the Surgector
comnes into play. A vormal stad-alone zener diody
madeabns i comstiont voltuge for the duration of the
pubse andd can quickly burm out from this encrgy
overloned. Bt in the Sorgector, current Mows Trom
the zener reghon inlo the thy rtor gate, switching on
the tharistor in

noscconds. The thyristor drops to
o voltage, e

ting o b smpedance in the elrcuit
and hwmts Hhe excess energy from the zener region

tor e geromannl

T eflect, the thy rstor drass eneegy away from the
zener, allowing M to survive the transient. Because of
this. the Surgector can hardle about ten times more
carrent Han o st abone zemer

While the transient is on the line, the Surgector e
ks i1 the ON state, and the voltage across the o
cuil is low . Ty precise value depends on the type of
pillse and the type of Surgector being used

Faentially, the pube passes, and the current be
gans o drap. When S reaches i eertain mindmomm val
we, known as the “holding current,” the Surgector
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automatically shats off, and normal cireuit operation
resumes, with the zener section of the Surgecior
again providing continusous protection

Performance Characleristics

The Surgector has been throughh tested, using o
Key Tek (Rutlington, MA) surge tester, for 4 number
of industry-stundard pulses

These pulses are usually described by two time in-
tervals. The first number & the time in microseconds
it takes the pulse 1o reach peak current The second
number is the time in microseconds it takes for the
current pulse to decay 1o S0% of its peok value For
example, u | ¥ 2 pulse reaches peak current in 1 mi-
crosecond, and the correol delays 10 50% of its peak
value In 2 microseconds

Three of the standard pulses used 10 rate wirge
suppression devices today are ) x 2, 10x 560, and
IOXIM Thr 1%2 puhe s u\ed to simulate fast

dard value for
voltage vise is 1.5 k\' l|u m ll)! 560 pulse is often
specified by the FCC for communications equip
ment A 10x 1000 pulse is specified by IFl-.Fmdlhf
Rural Electrification Ad: for
ization of lelephone protection,
* Presently announced Surgectors have ratings for
transient peak surge currenl of 300 amperes for &
1 %2 pulse and appropriately scaled currents st
10 % 560 and 10 x 1000. These rated surges can be ap-
phied 10 the Surgectors repestedhy without degrada.
tion

The overshoot ratio of the Surgector is the ratio of
the highest voltage encountered by the protecied
cireuit (during a 100V microsecond puilse) ey the
zener voltage of the Surgector The Surgector's
clamping ratio is 1 1 The Surgector hac the lowest
overshoot ratio of any surge suppression technology
on the market tocay, w hich means it suppreses tan
sient voltage more effectis ely than gas tubes, MO\,
or carbon blacks

Mamy surge-suppeession devices are charactenzed
by the speed at which they switch on. A gas discharge
tube, in which gas must tomle brkm- the dnm-cm
function, Lukes mi

Bot this specification is mr-nlngleu for the
Surgector, because the Surgector provides instants-
neous and continuous protection The zencr section
of the Surgector always clamps voltage when the val-
ve reaches a certain minimum zener voltage for
which the device i rated 1 is sinply impossibie for
the voltage in the line to exceed a value equal to the
breakover voltage multipliod by the 1.1 oy ershoot ra-
thon tnkess the desice 1s operated beyond its specifi-
calions)

Figure | illustrates this point. The Surgector (ype
SCT2IULY, which s rated ot 230 volis, clamps the
transient voltage the instant # reaches the zener
voltage—and the voltage never rises bevond 110
pereent of thisvalue. Within nanaseconds, the thyris
1ot switches on sl drops the voltuge 1o just & fown
volts (The voltage will remain at this low value umit
the surge paswes and the corrent drops below the
holding current )

To peotect delcate
Didirectianal

mcvwnmmnmw
lephone

ing Sees just alter ihese Anes enter the ie

T gits ehisc beargses tilue. om thee athier haed, i shon
to ianize By the tise 1 becomes operationsl,  cir
cuit hit with the 1 A\ microsecond pulse secs any -
where Tromn #0010 1500 volis. Soch o voltage moere
hoad could eanlly damage or destroy the circuit

As stated, the Surgector can handle peak currents
o to R g, dopeading on the type of pube Bt
1ike any eloctronic desice, the Surgector will cvento
ally (il if pushed beyond its specifications Howeyver,
the Surgeetor ks designed wot to Gl openon o 142
pubwe below 480 A

This is an impoctant feature, espeeially i telecom
antications applications. 1a deviee fuls to open, th
citenil remains inprotected antil the deviee i e
phlaced And apen Tuiliees on e Tave are ool cavh
detected A shart, on the other hand, prossdes con-
tinous protection agasnst srges talthough it pre
veols operation of the cirewity and s cass 1o locate for
repair or replacement

Aside from failore due to operating beyond the de

wiee's apwectficatumis, the Sargector Tus oo it
wearot moechanmm Performance s consistont and
docs not degrade with repeated vse o e Al
Ahere s o blerent et v the Sunps toe s apeocat
ing fle We predict the Surgctor will bave o kL
comparablec ta ROA transistors, which List for 20
sears or ore I compprarison. MOV S o carkon
Bloths hve wearont s

Surgectons wre wsanalls ] e comunchion with
primany preotecton s, and theocfine shonld
rareh sec corrents exeeeding therr eatod capoacitne
Whon aperated within their specilications.,
Sargectons atomaticalh sneh 1
once the pubwe passes and the cure
the holdig corrent The holdime ©
Surgector st bee greater than the normally wall
ahle corrent tn the cirend Lo insire that the
Surgector will return (o the OFF state when the
transient has passed and allim nonmal dlecunt ogura

Design considerations

Here are some factors to consider when designing
surge protection into a circuit

Line voltage
Select & device that will remain in the OFF state
under the normal operating vollage of the circuit
Surgector model SCTOAU 1D, for example. should not
be used with & line voltage above 58 V'

Mavimum volisge

Deterwwine the masimum soltage your electronics
can handle, then choose surge protection to ensure
that the circult never sees & voltage exceeding this
upper Hmit

The SCTUSLLY is guaranteed not 1o exceed 65
volts with 3 100.V/us transient This valoe is sale up
to the full current capability of the Surgector All
Surgectors are rated for this important characteris-
tic

Polarity
Aline lhllvequdnspvo(«hmffmniﬂ.kpo\m
Iymbcln!ﬁtﬁnlly, d with & unidirecti

1

Otherwise, some transient energy may flow through
the cirewit during a transient impulse
A major application of the Surgector i in telecom-
munications Surgectors can pwu-d " Mdr \nnﬂ) of
A . Including teleph |
mlelpgem telephones, PEXs, and central office |
equipment. Here, the Surgector protects the expen
sive electronics from damage while ensuring that
service i not interrupted by transient voltage
In a typical telephone appheation, the Surgector ‘
mldb';invdbnnmlhﬂwlndﬁnqlmn Sev.
eral different configurations are possible In the |
bridge cireuit, six diodes and one unMu:ﬂhm-I
Surgector are placed between the two lines, right af-
ter they enter the telephone. The diodes “steer” the
current in the right direction, enabling the single
umdirectional Surgector to handle both positive and
negative pulses
An slternative approach is to replace the Lridge
clvcull and unidirectional Surgector with two

Lines that requi jon in both po-
mwlm.mwmum-um
rectional Surgector in combination with diodes).

Location

The Surgector should be located near the electron-
ics it i intended (o protect. An ideal place is on the
front of the circuit board where the input wires en-
ter. By incorporating the Surgector into the board it
sell, you take advantage of the exse of repair and re-
placcment inherent in today s “modulae” electronic
system designs. Also, the impedance at any intercon-
nection limits the current supplied to the Surgector

When designing, beeps in minsd that the impedanee
through the Surgector 1o the ground must be lower
than the impedance from the circuit 1o the ground

| Surgectors, one on the tip line and one
on the ring line (Fig 2). This provides the same pro-
tection as the bridge circult but eliminates the need
for diodes. Eliminating the diodes reduces the induc-
tance and lowers the cost of the cireuit

Surgectors can alio be wed n computer equip
ment. especially in dats communications links
Swrgectors built directly into the modem protect vol
alile $ and the equipment wsell

Another use of the Surgector as a trigger & in
“crowbar appbications * Here,  single Surgector re
places the mass of extra vitewitry normally required
1o trigger » larger SCR

In adilition, the continuous peotection. small wize,
andd Jow comt of Surgectors make ther suitabile for
alarm yystems, automabiles. television, outdoor hight- |
ing, CATV. and strcrafl electronics {




Bhoatn toe b oamiime Samt e tons wee shosdprusd withe bigly
Balebings correnty, rangune froem 1N to 250 midllangs,
dopending on the Bypwe These stinges are sfficeent
o alhon preeguer oy an in pmnt Leloromiminies
Fhoms cxrenity

The Surgector's normal OFF condition is a state of
high impedance, which prevents loading of the line
Farakage s oxtremely o the Surgector passes bess
sy 1O siamoamgn versos iillimps for MOV The
capacitance of Surgectons v als bow, presenting
abort 100 pb for o hiduectional deviee in normal
telecomummioation ciremits, This i low enough to al
o Tiigghspwened dhatas commmnications.

Choosing a technology

The Surgector represents o new standard in
secondary surge protection, Hut the chorce of which
type of device 1o use is largely dependent on the
reguircenents of your specific appheation

Here are some of the other popular surge-protection
technologics and how they comparc and contrast with
the Surgector.

Gas discharge tubes

These small, incrt-gas-filled glass tubes are usually
tncated where the lines enter the building. When there
s & surge on the linc, the gas Jonizes, protecting the
chreuts inade.

Recause they canshunt extremely high currents, gas
tubes continue 10 he used as the prmary prtechion
for circuits. However, the gas is slow 10 lonize, so
some form ol fastcr-aching secondary profection i
needed Lo protect delicate circuitry from fast tranvient
voltages. such as those produced by hghining: Anoth
problem with gas tubes is that they have a high
overshoot vollage  the circuits they protect may be
hit with voltuge up to 10 times the normal operating
voltage Circmits that have o lower tolerunce than this
require secondary protection

Carbon blocks

Air gap carbon blocks, once the most popular form
of primary protection, are now being replaced by gas
discharge tubes,

Carbon blocks have many inherent problems. | ke
gas lubes, they are slow 1o activiate and therefore
unable 1o suppress fast-tring voltages. Their overshont
ratio is high (on the order of 6.5) and vanies as the
block gets obder, Leakage o imitmlly low but increases
with use. Furthermore, carbon hlocks have a short
life, necessitating frequent replicement,

Zenees, uved hy themaclves or with diodes, con he
wed for secondary surge protectinn

Like the Surgectar, the stand-alonc rener
immediately clamps the voltage when the tranvem
reaches o cortam hreakover value

Because the zener voltage remains high throughout
the surge. s curremt handling capacity is reduced 1o
relatively Jow valve For a piven sire device, a
Surgector can handle as much as 10 times more
current than a zencr. The overshoot ratio of zencrsis
greater than Surgectors beeause of the higher series
resistance through which the high surge current must
Now.

SCRs

A standard SCR wsed with o zener diode to provide
transicn surpe profection has two problems. Becanse
most SCRs turn on Jdowly, the dessipation in the 2oner
prior to SCR condition is ¢ for fast risens
wransents, and the clamping o is high beeamse the
corrent through the sencr s very high before the SCR
turns on. The holding current on standard SCRs s
notconttolicd tghtly ennuph to insure that the device
will always turn ol when the tramient is oer

A Swperton il ws n pated thaer teomimal devir
resultsinnn SCR ideally suited to this type of service
This device provides the Tast turn on and controlled
hobting conremt seagpired A thiee termimal device is
valuahle where transsent voltage profection is reguired
at voltages intermediate 1o those in the normal
maxtrix. Carc must be taken to limit the ind vetance in
the voltage reference 1o avoid slowing the protection

MOVs

The MOV, or metal oxide varistor. is widely used as
® transiest suppressor. It has several defickencics.
Since it s merely a resistor whaose resi s a

Surpertons woe shipped G e cstomes enlies
bulk or on plastic “sticks™ designed lor automated
machinery. The sticks are rectangular (ubes that hokd
S0 Suepecton apicce

Proven technology

Although the Surgector is a new idea. it is based on
two proven technologics: zener diodes and thyristors
RCA has been manufacturing (hyristors for more
than 20 years.

The Surgectors are f d on the same

function of the applicd soltage, leakage is high (on the
order of millamperes) and the clamping ratio is also
high (on the order of 1.7 for 2 10-ampere pulse)
MOV alvodegrade with cxposioe o b mient surges
and hecome leakicr

The voltage acress an MOV docs not drop to a low
value under high current conditions, causing high
disapation under high current conditions. The
cupactance of MOV s high (on the order of 2000
PE) This will often interfere with high data e
telecommunications

Types Avallable

RUA munufacturcrs three types of Surgectons
umdirectional. hidirectional, and SCR.

e umadrectional Surgecton is so mamsed becayse it
can handle only one polarny. A unidirectional
Surgector and o disde e reguired 1o protest &
steering cireuit or multiple ines. | he unsdirectional
Surgector is currently avalabie in voltages of 30, 60,
and 230 (rypes SGIOMIY SGIOAULY, and
SGY2NY respectively) Holding current for the
device is 130 millamps

A bidirectional Simpector. capable of handhng
surges in both palarities (positise and megative), is
now heing sampled by RCA and is scheduled for
relense in the thicd guarter of this year The
hidirectinnal Surgector has two terminals, and only
one Surgs et lene 18 d. Twomt@alversons
are planncd: models SGT20H10 (200 volis, 100
milliamps)and SGI2YR2S (230 4 olis, 250 millamps)

A third hype, the SCR Surgector, i unidirectional
but provides three teemimals instead of two, The thid
terminal gives the user direct access to the SCRS gane
region, s the Surgector can be tnggered with an
cxternal voltage scforence. The curremt SCH. calied
SGTI0S10, bs raved ar 1060 s olts, but with the eaternal
pate-comttobled chremitry. ans soltage between S Vand
100V camtogger the device. Hhwe SGTHIOS T0atw hasa
high holding corrent (100 milliamps) o allow rapid
transition to the O st

Ihe Surgector 1ype numbers are casy to mterpret
The finstthreccharactess  the letens "SGT - stand
for Surgectorn Next comes two digits, which represent
the mavimum OFL.siate voltage divided by 10
Following the voliage is a letter indicating enther

wirectional (11), bidi H{B) or SCR (S)type
Surgector Finally, the kast two digits represent the
holding current, in milliamps, divided by 10 Thus,
SGTOIVEY is a unidirectional Surgector with a
masimum OF F-state woltage of 0 volisand a hokding
current of 1 M) milliamps

All sersions of the Surgector are howsed i o
modiied 10202 versatoh plastic pachage. 1his is a
single-in-line package. meaning that all keads come
ot of the same end amd are paralicl 1o one pnothes
The advamage of stgdenn-line pachnging s that i
makes the Surpector casy 1o nsert into a circuit or
anchet by antomnted e

prod lines used for producing bipolar

Assembly, bonding. and packaging proceduresareall
dard. no new techniques or d lsare

used, Operating range s 40 (o +X5°C

The cont of the Surgector varies. depending on the

e her, butisapp Iy Sleaching ey
of 10,000 1 ow cost is an important advantage in the
telee icati quir market, where the use

of inexpensive components help manofaciurers heep
the price of their systems competitive

For turther information on the Surpecton, contact
John DeSantis, RCA Solid Sute, Rouie 202,
Somerville, NJOKKT6 (201) 6856545,



