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6 How to Use This Databook 

How to Use This Oatabook 

This databook contains application, product, and technical data on 
Tyco's portfolio of Raychem Circuit Protection devices. It is designed 
to help you select PolySwitch, SiBar, and ROV devices for overcur­
rent and overvoltage circuit protection needs. 

There are five sections to this databook, each identified by a blue 
divider page so you can quickly locate the data you need. Each 
divider page contains information on how to use that particular 
section. 

Databook Sections: 

1. Overview-Brief descriptions of Raychem Circuit Protection, 
division of Tyco Electronics Corporation, PolySwitch resettable 
devices, SiBar thyristor surge protectors, and ROV devices. 

2. Fundamentals-General explanations of PolySwitch Polymeric 
Positive Temperature Coefficient (PPTC) overcurrent protection, 
SiBar thyristor surge protection, and ROV technologies. 

3. Applications-A summary of applications where PolySwitch 
resettable devices, SiBar thyristor surge protectors, and ROV 
devices are used, with detailed information on each application, 
either in the form of an application note or an application 
overview. 

Each application note or overview describes a particular circuit 
protection problem and Raychem Circuit Protection's recommend­
ed power management solution. These may include a circuit dia­
gram, technology comparison, and device selection information. 

4. Products-An overview of PolySwitch, SiBar, and ROV product 
families, and a comparison chart showing the features of each 
family. 

For each family of products, a step-by-step selection guide walks 
you through the process of selecting the right device for your 
application. Detailed product data helps you verify that the device 
will perform as required. 

5. Glossary 
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This section provides an overview of 
Tyco Electronics, Raychem Circuit 
Protection, and Raychem Circuit 
Protection products (PolySwitch 
resettable devices, SiBar thyristor 
surge protectors, and ROV devices). 
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There is no industry that evolves 
as rapidly as electronics. 

Technologies, processes, products 
and companies all move from 
dynamic new development to 
industry standard to historical foot­
note in the blink of an eye. 

The knowledge that constant 
evolution is not only inevitable, 
but also desirable, is a key aspect 
of the companies that continue to 
succeed in our industry. 
Recognizing this, we combined 
the historical leadership in the 
interconnect industry of AMP with 
forward-looking companies like 
ASG, Elcon, Elo TouchSystems, 
HTS, MIA-COM and Raychem to 
form Tyco Electronics, which has 
grown to become the largest 
passive components supplier in 
the world. 

Tyco Electronics, one of the largest 
units ofTyco International, Ltd., was 
established in September 1999 
with the acquisitions of Raychem 
and AMP. Tyco Electronics is now a 
global leader in cutting-edge wire­
less technologies, fiber optic active 
components, and complete power 
systems. We have facilities located 
in 54 countries serving customers 
in the aerospace, automotive, com­
puter, communications, consumer 
electronics, industrial, and power 
industries. We provide advanced 
technology products from over forty 
well-known and respected product 
brands, including Agastat, 
Alcoswitch, AMP, AMP 
Netconnect, Buchanan, CoEv 
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Tyco Electronics -
The Industry Leader 

Magnetics, Critchley, Madison 
Cable, OEG, Potter & Brumfield, 
Raychem Circuit Protection, 
Schrack, and Simel. 

A significant result of our continued 
growth, and a real benefit to our 
customers, is that Tyco Electronics' 
technology leadership position has 
become even stronger. Our exper­
tise in materials science, product 
design, and process engineering 
allows us to develop, manufacture 
and sell high performance, first-to­
market products which assist you 
in making your next generation of 
products successful. 

Our global network of technical 
sales representatives provides 
expert application and engineering 
assistance, hands-on field training 
and superior customer service 
around the world. Coupled with 
consolidated resources such as 
Research, Development and 
Engineering, corporate infrastruc­
ture, and integrated manufacturing 
and delivery, Tyco Electronics is 
ready to bring you the advantages 
of shorter lead times, reduced time 
to market, greater economy of 
scale and a broader product line. 

As a company that embraces the 
most valued brand names, we 
look forward to becoming your 
preferred supplier, as we help you 
shape the twenty-first century. 
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D For over 20 years, Raychem 
Circuit Protection, a unit of Tyco 
Electronics, has pioneered the 
technology behind PolySwitch 
PPTC (Polymeric Positive 
Temperature Coefficient) devices. 
The use of a PPTC device as a 
variable resistor in circuit protec­
tion applications was first pio­
neered by Raychem several 
decades ago. They were first 
used to protect nickel-cadmium 
battery packs against excessive 
discharge and are still being used 
in that application today. 

The first high-volume order for 
PolySwitch devices was placed 
shortly thereafter to protect lithi­
um batteries in cameras. Since 
this first order, Raychem Circuit 
Protection has continued to 
expand its family of PolySwitch 
devices to include wider voltage, 
current, and temperature ranges 
in a variety of form factors. 

The first miniSMD surface-mount 
devices were introduced in 1995. 
Continuing this innovation in size 
reduction, in May of 1999 the 
microSMD product line was 
launched. This further reduced 
the size of the surface-mount 
products by almost half to a 1210 
mil footprint, and in 2000 Tyco 
Electronics introduced the small­
est 1206 surface-mount packag­
ing available in a resettable 
device. This nanoSMD device 
helps OEMs meet regulatory, reli­
ability, and functionality require­
ments while using less board 
space than ever before. 
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Overview of Raychem Circuit 
Protection 

Established as a leader in reset­
table circuit protection solutions, 
Tyco Electronics' Raychem Circuit 
Protection strengthened its prod­
uct portfolio to include SiBar 
thyristor surge protector silicon­
based devices and ROV metal 
oxide varistors, that provide tran­
sient overvoltage protection for 
sensitive telecommunications 
equipment. When used along with 
PolySwitch devices, SiBar and 
ROV devices provide a coordinat­
ed and resettable solution to 
assist OEMs in meeting stringent 
regulatory requirements and 
improving equipment reliability. 

To date, billions of PolySwitch 
products are used to help pro­
tect a wide range of electronic 
products in the computer, battery 
and portable electronics, con­
sumer, automotive, industrial, 
and telecommunication markets. 
In addition, Raychem Circuit 
Protection's leading-edge 
solutions continue to add value 
in transient overvoltage protec­
tion for telecommunications 
applications. 

The Raychem Circuit Protection 
unit of Tyco Electronics is recog­
nized as a leader for operational 
excellence and customer ser­
vice. A dedicated direct engi­
neering sales force, world-wide 
manufacturing and design cen­
ters, and local engineering sup­
port help us to think, manage, 
and share globally, yet act local­
ly, to meet customer needs. We 
are in compliance with globally 
recognized IS09000 standards 

and certified to QS9000 stan­
dards. This division is headquar­
tered in Menlo Park, CA, with 
manufacturing facilities in 
California (USA), China, and 
Japan, with sales offices world­
wide. 

Raychem Circuit Protection 



Raychem Circuit Protection 
PolySwitch devices are common­
ly called resettable devices to dis­
tinguish them from traditional 
one-shot fuses that work only 
once and then must be 
replaced-an expensive and 
inconvenient proposition. While 
the generic term for these 
devices is sometimes called 
"resettable fuses", technically 
these are not fuses but actually 
non-linear thermistors. 

Designed for use in a wide range 
of electronic devices, these ther­
mistor-type devices limit the flow 
of dangerously high current dur­
ing fault conditions. But unlike tra­
ditional fuses that work one time 
and must be replaced, Tyco's 
PPTC devices reset after the fault 
is cleared and power to the circuit 
is removed, thereby reducing war­
ranty, service, and repair costs. 

PolySwitch resettable devices are 
able to withstand mechanical 
shock and vibration, and provide 
reliable protection in a wide vari­
ety of applications and are avail­
able in leaded, axial, chip, disc, 
and surface-mount configura­
tions. Most have been awarded 
UL component recognition and 
meet the requirements of other 
agencies, including Telcordia, 
CSA, TOV, and ITU-T. 

Raychem Circuit Protection 

PolySwitch Resettable Devices 
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D Typical Applications 
• Rechargeable battery packs 

used in cellular telephones, 
notebook computers, and other 
portable electronics applications, 
protecting equipment and users 
from the hazards of overcharg­
ing and short-circuit conditions. 

• Computers, peripherals, and 
other compact electronics appli­
cations to protect against inter­
nal and external overcurrent 
conditions. 

• Automotive and transformer 
applications, alarm systems, 
instrumentation and controls, 
audio speakers, satellite 
receivers, and other electronic 
equipment. 

• Telecommunications applica­
tions, automated building sen­
sors and controls, network and 
customer premise equipment 
can be protected from the haz­
ards of overcurrent surges. 

Telecom Surface-mount Fuses 
Our telecom surface-mount fuses 
are slow blow non-resettable 
devices designed to protect sen­
sitive electronic equipment from 
power contact and power induc­
tion hazards. These devices are 
designed to remain transparent to 
lightning surges. 

When an overcurrent fault occurs, 
the surface-mount fuses will open 
the circuit and provide non-reset­
table over-current protection. 

The fuses may be used in con­
junction with SiBar devices to 
offer a comprehensive overcur-

12 Overview 

Overview of Circuit Protection 
Products 

rent and overvoltage protection 
solution for telecom equipment. 
Further information on imple­
menting such circuit protection 
solution and description of this 
application can be found in 
Sections 329. 

Typical Applications 
• Designed to assist network 

equipment manufacturers in 
meeting the Telcordia GR-1089 
and TIA-968-A (formerly FCC 
Part 68) requirements. Target 
applications include: analog and 
digital linecards, base stations 
and remote terminal. 

• Also designed to assist CPE 
(Customer Premise Equipment) 
manufacturers meet the 
UL60950 and TIA-968-A (for­
merly FCC Part 68) require­
ments. Target applications 
include: modems, phone sets, 
PBX systems, point-of-sale 
equipment, set-top-boxes and 
others. 

SiBar Thyristor Surge Protectors 
SiBar thyristor surge protectors 
are bidirectional silicon devices 
designed to protect sensitive 
electronic equipment from over­
voltage hazards caused by light­
ning, power contact, and power 
induction. These devices have 
high-surge capability to protect 
against transient fault and high 
off-state impedance to keep the 
devices transparent during nor­
mal system operation. 

When breakover voltage of a 
SiBar device is exceeded, the 
device switches from high- to low­
impedance to redirect harmful 

surges away from the load. The 
device remains latched in a low­
impedance state until the current 
flowing through the device 
decreases below its rated hold 
current, at which pOint the device 
resets to its high-impedance 
state. 

SiBar devices may be used in 
conjunction with PolySwitch 
devices in telecommunications 
applications, including customer 
premise equipment and network 
equipment. Proper selection of 
both devices can provide reset­
table overvoltage and overcurrent 
protection, helping designers to 
meet worldwide telecommunica­
tion standards while lowering 
equipment service and warranty 
costs. 

Typical Applications 
• Designed to assist customer 

premise equipment (CPE) man­
ufacturers meet the stringent 
requirements of UL 1950, TIA-
968-A, (formerly FCC Part 68), 
and ITU Recommendation K.21. 
on equipment including modems, 
phone sets, PBX systems, and 
point-of-sale equipment. 

• Also designed to assist network 
equipment manufacturers in 
meeting the Telcordia GR-1089, 
ITU Recommendation K.17, and 
ITU Recommendation K.20 
requirements for secondary pro­
tection of network equipment, 
including analog and digital 
linecards, base stations, and 
remote terminal units. 
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ROV 
Raychem Circuit Protection's ROV 
(Radial-leaded Metal Oxide 
Varistor) products help to provide 
protection from overvoltage faults 
such as lightning, power contact 
and power induction, for a wide 
variety of power systems. Suitable 
for a broad range of applications 
including, but not limited to, securi­
ty systems, power supplies, surge 
strips, motors and telecommunica­
tions equipment, the ROV devices 
help to protect valuable equipment 
from potential power surge dam­
age by clamping high-energy, 
short-duration impulses. The ROV 
devices have high current handling 
and energy absorption capability 
and fast response times to help 
protect against transient faults. 

The ROV overvoltage protection 
devices expand Raychem Circuit 
Protection's portfolio and can offer 
the circuit board designer a com­
plete overcurrentlovervoltage solu­
tion. For example, pairing an ROV 
device with Raychem Circuit 
Protection's PolySwitch™ LVR 
overcurrent protection devices can 
help provide a completely reset­
table circuit protection solution for 
power supplies, surge strips and 
control board transformers. In 
addition, ROV devices can be 
combined with PolySwitch devices 
to help provide protection for elec­
tric motors, telecom equipment 
and various other systems. 

Raychem Circuit Protection Overview 13 
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This section provides a general 
discussion of the use of polymeric 
PTe (positive temperature co­
efficient), Surface-mount Telecom 
fuses, thyristor surge protection and 
ROV technologies. 
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Polymeric PTe Technology 

The Problem of Overcurrents 
An overcurrent is an abnormally 
high current that has the potential 
to cause failLJre in an electrical 
circuit. An out-of-range condition 
in the power source or a decrease 
in load impedance can cause 
an overcurrent. 

Source-generated overcurrents 
usually arise from overvoltages 
caused by the abnormal opera­
tion of a power supply, or as a 
consequence of overvoltages on 
a power line. Source-generated 
overcurrents may also arise from 
voltage sags. 

Raychem Circuit Protection 

Power line overvoltages may 
arise from power crosses, surges, 
transients, or swells. 1 

A power cross occurs when a 
high-voltage circuit is inadvertently 
connected to a low-voltage circuit, 
for example, when a power line 
falls onto a telephone line during 
a storm. 

Surges are short-duration increas­
es in system voltage due to 
external events, such as lightning. 

Transients are short-duration 
increases in system voltage due 
to the emptying of a circuit energy­
storage element, such as an 
inductor or capacitor. 

Swells are relatively long-duration 
increases in system voltage, gen­
erally caused by a failure in the 
system, for example, loss of the 
neutral connection at the trans­
former supplying a house. 

Higher than normal voltages 
result in higher than normal cur­
rents in linear circuits. In nonlin­
ear circuits, lower than normal 
voltages may lead to higher than 
normal currents, which is why 
voltage sags can cause an over­
current problem. A common light 
bulb is an example of a nonlinear 
device that draws more current 
as the voltage is lowered. 

'An excellent discussion of these effects can be 
found in IEEE C62 publications (C62: Complete 
[current year] Edition, IEEE, Piscataway, N,J.). 
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A partial or total failure of a circuit 
load can cause load-generated 
overcurrents. The failure lowers 
the total resistance in the circuit, 
allowing more current to flow. An 
example is a stalled motor, which 
gets hot because of excessive 
power draw, resulting in the insu­
lation on the motor windings 
being destroyed, thus allowing 
adjacent windings to touch 
(short-circuit). 

Overcurrent Protection using a 
Polymeric PTe Device 
A polymeric positive temperature 
coefficient (PPTC) overcurrent 
protection device is a series ele­
ment in a circuit. The PPTC 
device protects the circuit by 
going from a low-resistance to a 
high-resistance state in response 
to an overcurrent. This is called 
"tripping" the device. Figure 1 
shows a typical application. 

Figure 1. Typical PTe Application 
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Figure 2. Example of Operating Curve for Polymeric PTC Device 
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Generally the device has a resis­
tance that is much less than the 
remainder of the circuit and has 
little or no influence on the nor­
mal performance of the circuit. 
But in response to an overcurrent 
condition, the device increases in 
resistance (trips), reducing the 
current in the circuit to a value 
that can be safely carried by any 
of the circuit elements. This 
change is the result of a rapid 
increase in the temperature of 
the device, caused by the gener­
ation of heat within the device by 
12R heating . 

The PTC effect 
Describing a material as having a 
PTC effect simply means that the 
resistance of the material increas­
es as temperature increases. 
All materials having metal-like 
conduction2 have a positive tem­
perature coefficient of resistance. 
In these materials the PTC effect 
is characterized by a gradual in­
crease in resistance that is linearly 
proportional to temperature. This 
is the usual, or linear, PTC effect. 

The nonlinear PTC effect 
Materials undergoing a phase 
change may exhibit a resistance 
that increases very sharply over 
a narrow temperature range as 
shown in Figure 2. Certain types 
of conductive polymers exhibit 
this effect. These conductive poly­
mers are useful for making over­
current protection devices, 
generally called polymeric PTC 
overcurrent limiters, circuit 
protection devices, or resettable 
thermistor type devices. 

, Materials that conduct like metals have the low· 
est resistivity of all non-superconducting 
materials. (The resistivity of metals generally falls 
in the range of 1-100 microhm-cm.) 
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Principles of operation 
The operation of polymeric PTC 
devices is based on an overall 
energy balance described by the 
following equation: 

= Current flowing through the 
device. 

R = Resistance of the device. 
Lit = Change in time. 
m = Mass of the device. 
Cp = Heat capacity of the device. 
LiT = Change in device 

temperature. 
T = Temperature of the device. 
T A = Ambient temperature. 
U = Overall heat-transfer 

coefficient. 

In this equation, the current flow­
ing through the device generates 
heat at a rate equal to 12R. All or 
some of this heat is lost to the 
environment, at a rate described 
by the term U(T - TA). Any heat 
not lost to the environment goes 
to raising the temperature of the 
device at a rate described by the 
term: mCp(Li T/Lit). 

In order to keep equation [1] 
as simple as possible, a uniform 
temperature within the device has 
been assumed. 

If the heat generated by the 
device and the heat lost to its 
environment balance, (LiT/Lit) 
goes to zero and equation [1] 
can be rewritten as: 

[2] 

Under normal operating condi­
tions, the heat generated by the 
device and the heat lost by the 
device to the environment are in 
balance at a relatively low tem­
perature, for example, Point 1 in 
Figure 2. 
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If the current through the device is 
increased while the ambient tem­
perature is kept constant, the heat 
generated by the device increases 
and the temperature of the device 
also increases. However, if the 
increase in current is not too large, 
all the generated heat can be lost 
to the environment and the device 
will stabilize according to equation 
[2] at a higher temperature, such 
as Point 2 in Figure 2. 

If instead of the current being 
increased the ambient tempera­
ture is raised, the device will sta­
bilize according to equation [2] at 
a higher temperature, possibly 
again at Point 2 in Figure 2. 
Point 2 in Figure 2 could also be 
reached by a combination or a 
current increase and an ambient 
temperature increase. 

Further increases in either cur­
rent, ambient temperature, or 
both will cause the device to 
reach a temperature where the 
resistance rapidly increases, 
such as Point 3 in Figure 2. 

Any further increase in current or 
ambient temperature will cause 
the device to generate heat at 
a rate greater than the rate at 
which heat can be lost to the 
environment, thus causing the 
device to heat up rapidly. At this 
stage, a very large increase in 
resistance occurs for a very small 
change in temperature (see "The 
Physics of Polymeric PTC," which 
follows). In Figure 2, this region of 
large change in resistance for a 
small change in temperature 
occurs between pOints 3 and 4, 
and is the normal operating region 
for a device in the tripped state. 
This large change in resistance 
causes a corresponding de­
crease in the current flowing in 
the circuit. The reduced current 

protects the circuit from damage. 
Since the temperature change 
between Points 3 and 4 is small, 
the term (T - TA) in equation [2] 
can be replaced by the constant 
(To - TA), where To is the operat­
ing temperature of the device. 
Then equation [1] can be rewrit­
ten as: 

12R = V2/R = U(To - TA) [3] 

Since both U and (To - TA) are 
now constants, equation [3] 
reduces to 12R = constant; that is, 
the device now operates in a con­
stant power state. Expressing this 
constant power as V2/R empha­
sizes that, in the tripped state, the 
device resistance is proportional 
to the square of the applied volt­
age. This relation holds until the 
device resistance reaches the 
upper knee of the curve (Point 4 
in Figure 2). 

For a device that has tripped, as 
long as the applied voltage is 
high enough for the resulting 
V2/R power to supply the 
U(T 0 - TAl loss, the device will 
remain in the tripped state (that 
is, the device will remain latched 
in its protective state). When the 
voltage is decreased to the pOint 
where the U(To - TA) loss can no 
longer be supplied, the device 
will reset. 

The physics of polymeric PTe 
A polymeric PTC material is a 
matrix of a crystalline organic 
polymer containing dispersed 
conductive particles, usually 
carbon black. The sharp increase 
in resistance, as shown in Figure 
2, is due to a phase change in 
the material. In its cool state the 
material is mostly crystalline, with 
the conductive particles being 
forced into the amorphous 
regions between the crystallites. 
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placed under pressure or measured voltage drop across does not increase the device 
installed in spaces that would the device (Po = VI). From equa- temperature. A trip event of this 
prevent thermal expansion, they tion [3], Po = 12R = U(To - TA), we kind can be viewed as a nonadi-
may not properly protect against note that Po is equal to an overall abatic trip event. Under these 
fault conditions. Designs must be heat transfer coefficient, U, multi- conditions, the heat transfer to 
selected in such a manner that plied by a temperature differential the environment will playa sign if-
adequate space is maintained (the difference between the icant role in determining the time-
over the lie of the product. PolySwitch device temperature to-trip of the device. The greater 

and ambient temperature). In the the heat transfer, the slower the 
Effect of Ambient Conditions on tripped state, the temperature of time-to-trip. 
Performance Parameters most PolySwitch devices is 
As noted under "principles of approximately 125°C.4 If we At high-fault currents-for 

G operation," the heat transfer assume that U does not vary example 10 times the hold 
environment of the device can substantially with temperature, current-the time-to-trip of a 
greatly impact the performance then by measuring the power dis- device is much less because 
of the device. In general, by sipation in the tripped state, we most of the FR energy generated 
increasing the heat transfer of can compute the overall heat in the device is retained in the 
the device the following will also transfer coefficient for any ambi- device and thus increases the 
increase: ent temperature. device temperature. A trip event 
• The device's power dissipation. 

Time-to-trip 
of this kind can be regarded as 

(This reflects the change in the an adiabatic trip event.5 Under 
heat transfer coefficient.) As noted in the Performance these conditions, the heat 

• The device's time-to-trip. The Testing section, the time-to-trip of transfer to the environment is 
impact will be greater at long a device is defined as the time it less important since the heat loss 
trip times where the effect of takes for the voltage drop across to the environment is less signifi-
heat transfer is more significant. the device to rise to greater than cant in determining the time-to-

• The device's hold current. 80 percent of the voltage of the trip of the device. 
power source, or when the resis-

The opposite will occur if the heat tance of the device increases As tripping is a dynamic event, it 
transfer from the device is de- substantially relative to the load is difficult to precisely anticipate 
creased. Furthermore, the time- resistance. Furthermore, a trip the change in the time-to-trip 
to-trip can be modified by chang- event is caused when the rate of since a change in the heat 
ing the thermal mass around the heat lost to the environment is transfer coefficient is often 
device. Again, changing the ther- less than the rate of heat gener- accompanied by a change in the 
mal mass around a device has a ated. If the heat generated is thermal mass around the device. 
greater impact on slow trip events. greater than the heat lost, the If for example a large block of 

device will increase in tempera- metal is placed in contact with 
Power Dissipation ture. The rate of temperature rise the device, not only will the heat 
Power dissipation (Po) is (to a and the total energy required to transfer increase, but the device 
first order) a good way to mea- make the device trip depend will also need to heat some 
sure the change in the heat- upon the fault current and the fraction of the metal (due to the 
transfer environment of a device. heat transfer environment. intimate contact) before the 
In other words, if a change is device will trip. Therefore, not 
made that might impact the heat For low-fault currents-for only is the thermal conductivity of 
transfer, power dissipation mea- example two-to-three times the the metal important, but the heat 
surements taken before and after hold current-most devices will 
the change will provide informa- trip slowly since there is signifi- 4 Most PolySwitch devices transition from a low to 

tion on the significance of the cant loss of heat to the environ-
high impedance state at 125"C, although devices 
are available with both lower and higher transition 

change. Power dissipation is rela- ment. This is due to the fact that temperatures. 

tively easy to determine since it a substantial proportion of the 12R 5 Typical time·to-trip curves for Raychem Circuit 
Protection devices can be found in Section 4. For 

can be computed from a mea- energy generated in the device is most devices there is a break in the time-to-trip vs. 

sured leakage current and a not retained in the device and resistance curve, which denotes the transition 
from an adiabatic to a non-adiabatic trip event. 
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Performance Testing resistance must be controlled. the device comes both from elec-
This period should be a minimum trical 12R heating and from the 

Performance Tests of one hour. Note that if the test device environment. At 75°C the 

The tests described in this sec- calls for repeated resistance heat input from the environment 

tion are commonly done to evalu- readings, they should all be made is substantially greater than it is 

ate the performance of polymeric at the same time interval after at O°C, so the additional 12R 

PTC devices. The descriptions stopping the test or conditioning. needed to trip the device is corre-

are excerpted from a document spondingly less, resulting in a 

that specifies how to test Resistance vs. temperature lower trip current at a given trip 

PolySwitch polymeric PTC This test is used to generate a time (or a faster trip at given trip 

devices.' profile of the resistance of a current). 
device as it changes with ambient 

G Resistance temperature. A typical result is Hold current 

The DC resistance of a PolySwitch shown in Figure 2, page 18. A hold current test is done by 

device is a relatively sensitive powering the test device at con-

measure of the condition of the Equipment stant current. The maximum out-

device under test and is a key This measurement requires an put voltage of the power supply 

parameter for the use of a PTC environmental chamber capable should be set to the maximum 

device in an application. As such, it of maintaining any temperature rated voltage for the device. A 

needs to be measured accurately. up to at least 20°C above the device fails the hold current test if 
nominal melting temperature of the voltage across the device 

Equipment the material used to make the rises to less than 20 percent of 

To obtain adequate accuracy for device. The general considera- the voltage set on the power 

resistance less than 10 ohms, tions for measuring resistance source. 

the 4-wire method must be used. discussed at the beginning of this 

The current for this measurement section apply here also. Equipment 

is subject to two conflicting The test requires a power source 

requirements: it should be as Procedure that allows both a voltage and a 

large as possible to maximize The sample temperature is con- current limit to be set. Generally 

the signal-to-noise ratio, but as trolled with the environmental this type of source is direct cur-

small as possible to minimize chamber. Temperature incre- rent (DC), but an alternating cur-

device heating. Pulsing the ments can be of any suitable rent (AC) source could be used. A 

current, using signal-processing size, but must be of sufficient system is needed for measuring 

techniques to reduce nOise, or duration to ensure that the device either the voltage across the test 

both, are effective techniques for temperature has equilibrated to specimen, or the current through it 

improving the signal-to-noise ratio that of the chamber. Generally (or both), as a function of time. 

while minimizing device heating. the resistance of the device will Suitable systems include (digital) 
be measured using the 4-wire oscilloscopes, AID converters, and 

Procedure method. However, if the resis- computer-controlled multimeters. 

The resistance of a PolySwitch tance of the device exceeds 

device is sensitive to tempera- 10 ohms, a 2-wire resistance- Procedure 

ture, and to the time interval measuring method may be sub- The hold current of a PolySwitch 

between stopping a given test or stituted for the 4-wire method. device is very sensitive to device 

conditioning and measuring the resistance, temperature, and heat 

resistance. To obtain accurate Operating Characteristics of transfer conditions. 

resistance readings, the device Polymeric PTC 
temperature must be accurately Figure 8, on page 24, shows a 

known. In addition, the time inter- typical pair of operating curves 

val between the end of a condi- for a polymeric PTC device in still 

tioning program, process, or air at O°C and 75°C. The O°C and 

power removal in a test cycle and the 75°C curves are different 7"PS300 Specification: Test Methods and 

the measurement of the device because the heat required to trip 
Requirements for PolySwitch Devices;' latest 
revision (Tyco EleclronicsJRaychem Circuit 
Protection). 
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Figure 8. Example of Polymeric PTC Operating Characteristics 
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Resistance 
The resistance of a PolySwitch 
device at room temperature is 
increased by its first trip. There­
fore, a PolySwitch device should 
be tripped and cooled before 
measuring its hold current. 

Temperature 
Because the hold current can be 
changed substantially by flowing 
air, no air circulation around the 
test specimen is allowed during 
the test, including air flow due to 
body motion. The test specimens 
should be allowed to equilibrate 
to the test temperature for at 
least 5 minutes. During the test, 
the temperature rise of the sur­
rounding air should be monitored. 
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Heat transfer 
In addition to controlling air flow, it 
is generally necessary to control 
the heat flow out through the leads 
of the device. Because of this 
effect, the method of mounting the 
device needs to be described 
when reporting test results. 

Time-to-trip 
A time-to-trip test is conducted by 
powering the test device from a 
constant-voltage power supply 
with a series current-limiting 
resistor. The maximum output 
voltage of the power supply 
should be set to the maximum­
rated voltage for the device. A 
device fails the time-to-trip test if 
the voltage across the device fails 
to rise to more than 80 percent of 

the voltage set on the power 
source in the time allotted for the 
device to trip. 

Equipment 
The test requires a power source 
with a regulated output voltage 
and a series resistor for adjusting 
the current to be applied to the 
test device. The source may be 
either DC or AC. 

A system is needed for measur­
ing either the voltage across the 
test specimen, or the current 
through it (or both), as a function 
of time. Suitable systems include 
(digital) oscilloscopes, ND con­
verters, and computer-controlled 
multi meters. 

Procedure 
The trip time of a PolySwitch 
device may be sensitive to tem­
perature, heat-transfer conditions, 
and device resistance. If the stan­
dard trip current of five times the 
hold current is used to establish 
trip time, the device may trip fast 
enough that heat transfer and 
reasonable excursions around 
the specified test temperature will 
not affect results. 

Resistance 
Trip time is inversely proportional 
to resistance. To make sure that a 
device will trip in the required 
time under worst-case conditions, 
the device is tested at its lowest 
resistance. Generally a device 
that has been through the manu­
facturing process, but has not yet 
undergone testing or condition­
ing, is in its lowest resistance state. 

Temperature 
Because the trip time can be 
changed substantially by flowing 
air, no air circulation around the 
test specimen is allowed during 
the test, including air flow due to 
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body motion. The test specimens to a device the voltage and cur- mounting the device must be 
should be allowed to equilibrate rent specified for the device for described when reporting the data. 
at the test temperature for at the specified ON time, and then 
least 5 minutes. removing power from the device Surge withstand 

for the specified OFF period. In many applications, polymeric 
Heat transfer After the required number of PTC devices must withstand 
In addition to controlling air flow, it cycles are complete, the device is surges specified by agencies or 
is generally necessary to control evaluated according to the test telecommunications organiza-
the heat flow out through the leads criteria previously selected. tions. The appropriate agencies 
of the device. Because of this or organizations should be con-
effect, the method of mounting the Temperature tacted for details on how the 
device needs to be described The air temperature next to the surge tests are to be conducted. 

G when reporting test results. device under test should be con-
trolled to 20o± 10°C, unless other- Reliability 

Trip cycle life wise specified. Reliability is defined as the prob-
A trip cycle life test consists of ability of a part performing its pur-
repeated tripping of a PolySwitch Trip endurance pose for a given period of time 
device by electrical surges. Trip endurance consists of trip- under stated operating condi-

ping a PolySwitch device and tions. A part that doesn't meet 
Equipment holding it in the tripped state for a this performance criterion is con-
The test requires a power source specified amount of time. sidered a failure. A failure-rate 
(either AC or DC) capable of sup- model that is frequently used is 
plying the maximum rms (root A single source may be used both the "bathtub curve" shown in 
mean square) interrupt current to trip the device and to hold it in Figure 9. In this model, early-life 
specified for the device, at the the tripped state. Alternatively, one failures are usually due to manu-
maximum rms operating voltage source may be used to trip the facturing defects; end-of-life fail-
specified for the test. The source device, and a second source to ures are caused more by design 
voltage is controlled by the power hold the device in the tripped limitations. 
supply; the source current is con- state. In either case, the source 
trolled by a load resistor. may be AC or DC. A constant failure rate, computed 

as an average failure rate over 
The test also requires equipment Power dissipation the life of the product, is often 
for turning the power on for a spec- This test is used to determine the quoted for component relability. 
ified period of time, and then off for amount of power dissipated by a Standard references for failure 
a specified period of time. A cycle device after it has stabilized in the rates of electronic components 
timer would work, as would various tripped state. Generally it is done are MIL-HDBK-217 8 and the 
computer-programmable devices, during a trip endurance test, by AT&T Reliability Manual.9 

including the power source itself (if measuring the voltage across the Failure rates in these specifica-
it is programmable). test device, and the current tions are usually based on pooled 

through it, and then multiplying field data. Some examples are 
Procedure the two to get power. shown in Table 2. 
The cycle life of a device may be 
sensitive to temperature and Because the power dissipation Polymeric PTC devices are not 
heat-transfer conditions. can be changed substantially by included in MIL-HDBK-217 
Generally cycle life testing is flowing air, no air circulation because these devices have not 
done at extreme electrical condi- around the test specimen is been widely used in military 
tions, which greatly diminish the allowed during the test, including applications. Using generally 
influence of heat-transfer condi- air flow due to body motion. In accepted methods, the average 
tions and temperature. addition to controlling air flow, it 

may be necessary to control the 8MIL-HDBK-217, Reliability Prediction of 

Testcyc/e heat flow out through the leads of 
Electronic Equipment. 

9Klinger, D. J., Y. Nakada, and M. Menendez, eds., 
A test cycle consists of applying the device. If so, the method of AT& T Reliability Manual (Van Nostrand 

Reinhold), 1990. 
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Fundamentals of Telecom 
Surface-mount Fuses 

The Problem of Overcurrents 
An overcurrent is an abnormally 
high current that has the potential 
to cause failure in an electrical 
circuit. Overcurrent events can be 
caused by various events such as 
fluctuations in the power source 
or a decrease in load impedance. 

Power-line overvoltages may 
arise from power crosses, surges, 
transients or swells, and can 
result in overcurrent events. 

A power-cross is an instance 
where a high-voltage circuit is 
inadvertently connected to a low-

Raychem Circuit Protection 

voltage circuit; for example, a 
power line can fall onto a tele­
phone line during a storm initiat­
ing a power-cross event. 

Surges are short-duration 
increases in system voltage due 
to external events, such as light­
ning. 

Transients are short-duration 
increases in system voltage due 
to the emptying of a circuit ener­
gy-storage element, such as a 
capacitor. 

Swells are relatively long-duration 
increases in system voltage, gen­
erally caused by a failure in the 
system, such as the loss of the 

neutral connection at the grid 
transformer. 

Overcurrent Protection Using a 
Telecom Surface-mount Fuse 
As opposed to resettable PTe 
devices, the telecom surface­
mount fuses are devices that are 
no longer operational after activa­
tion. The fuses are placed in 
series in the circuit and protect it 
by going from a low resistance 
link to an open circuit in response 
to an overcurrent. When used in 
networking equipment operator 
intervention will be required after 
a fault occurs. 
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Device Construction 
Raychem Circuit Protection tele­
com surface-mount fuse devices 
are built as described in Figure 1. 
A metallic filament is placed 
inside a ceramic body ended with 
two metallic caps. The filament 
and the end caps are soldered 
together. 

Device Design Parameters 
Fuses, in general, are character­
ized by a nominal current below 
which they do not interrupt the cir­
cuit operation. In telecom applica-

tions, since the fuses are non­
resettable devices, it is critical that 
they remain transparent during 
short pulses such as lightning 
surges. Fuse devices designed 
around these requirements are 
commonly referred to as "slow 
blow" fuses. Raychem Circuit 
Protection telecom surface-mount 
fuses are designed with high 
enough i2t ratings to meet, or 
exceed, applicable lightning surge 
standards (GR-1089 and TIA-968-
A) for telecommunications equip­
ment in North America. 

Figure 1. Telecom Surface-mount Fuse Construction 
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Agency Requirements 
Raychem Circuit Protection tele­
com surface-mount fuses are 
designed to help telecom network 
and CPE equipment manufactur­
ers meet stringent requirements 
ofTelcordia GR-1089, UL60950 
and TIA-968-A. These fuses are 
designed to remain transparent 
(not activated) to lightning surges 
as described in Telcordia GR-
1089 and TIA-968, (formerly FCC 
Part 68). They are designed to 
open under AC power cross faults 
which reach high enough 12t lev­
els. 
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Thyristor Surge Protection 
Technology 

The Problem of Overvoltages 
Electronic components have 
been designed to function proper­
ly when used within their speci­
fied current and voltage ratings. 
When these ratings are exceeded 
during operation, the component 
may sustain permanent damage 
and the equipment may cease to 
operate. In response to overcur­
rent conditions, polymeric PTC 
resettable devices installed in 
series with these components 
have proven to be a reliable 
method of interrupting the current 
flow by going from a low to a high 
impedance state. Conversely, 
solid-state thyristor overvoltage 
protection devices may be 
installed in parallel with these 
components to switch rapidly 
from a high to a low impedance 
state in response to an overvolt­
age surge. 

Raychem Circuit Protection 

In telecommunication applica­
tions, the major sources of over­
voltage conditions are lightning, 
AC power lines, and ground 
shifts. Lightning surges may 
directly contact a telecom line or 
induce a rise in voltage potential 
when they strike adjacent equip­
ment. Similar to lightning surges, 
AC power lines may cause a 
power contact or power induction 
condition. In addition, telecom 
equipment and its components 

may be prone to shifts in system 
ground potential, increasing the 
need for overvoltage protection. 

Overvoltage Protection 
Overvoltage devices are placed in 
parallel with a load to limit the 
amount of voltage that can 
appear across the input to a 
telecommunications circuit, as 
shown in Figure 1. The overvolt­
age device appears as a very­
high-impedance (virtually an open 

Figure 1. Typical Overcurrent and Overvoltage Protection Location 
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circuit) under normal operating 
conditions. When an overvoltage 
event occurs, however, the over­
voltage device changes its 
impedance to divert current 
around the protected circuit to 
ground. 

Overvoltage devices are de­
signed to protect not only tele­
communications circuits but also 
maintenance personnel and sub­
scribers. In addition, they must: 
• Not interfere with the normal 

operation of the telephone 
service. 

• Provide maintenance-free 
operation. 

• Reduce long-term cost of the 
installation by minimizing main­
tenance time and system 
downtime. 

• Allow the designer to easily 
meet industry standards. 

Overvoltage Protection Devices 
There are two categories of over­
voltage protection devices: clamp-

ing and foldback (or "crowbar") 
devices. Clamping devices, such 
as metal oxide varistors and 
diodes, allow voltages up to their 
designed clamping levels to pass 
through to the load during opera­
tion. Foldback devices, such as 
gas discharge tubes and thyristor 
surge suppressors, operate as 
shunt devices in response to 
surges which exceed their 
breakover voltage. Foldback 
devices have a current-voltage 
(IV) curve similar to that shown in 
Figure 6. 

A foldback device is normally in a 
high-resistance state for voltages 
below the breakover voltage. In 
this state very little current flows 
through the device. When the volt­
age exceeds the breakover volt­
age, the device "folds back" or 
goes into a low-impedance state, 
allowing the device to conduct 
large currents away from sensitive 
telecom electronics. The device 
will continue to remain in this low-

Table 1. Agency standards for telecommunications equipment 

impedance state until the current 
through the device is de-creased 
below its holding current. 

Foldback devices have an advan­
tage over clamping devices 
because in the foldback state very 
little voltage appears across the 
load while the device conducts 
harmful surges away from the 
load, whereas clamping devices 
remain at the clamping voltage. 
The power dissipated in the fold­
back device is therefore much 
lower than in a clamping device, 
allowing a much smaller device to 
be used to conduct the same 
amount of surge current. 

In addition to its smaller size and 
lower power dissipation, a fold­
back device offers lower capaci­
tance and cost for a given silicon 
die size. Raychem's SiBar thyris­
tor surge protector (TSP) devices 
are foldback devices. 

Requirement Application 
Overvoltage 
Protector 

Market 
Segment Region 

Telcordia GR-974 
Telcordia GR-1089 
TIA-968-A, 
(formerly FCC Part 68) 
UL 497 

UL 497A 

UL 4978 

UL 1459 

ITU K.11 

ITU K.20 

ITU K.21 
ITU K.28 

Line protectors for telco equipment 
Telco-owned network equipment 
Subscriber-owned equipment 

Line primary protectors for 
subscriber-owned equipment 
Line secondary protectors for 
subscriber-owned equipment 
Protectors for data comm and 
fire alarm circuits 
Subscriber-owned equipment 
connected to telco lines 
Principles of protection 

Telecommunications switching 
equipment 
Subscriber terminal equipment 
Semiconductor arrestor assemblies 
for telco installations 

'CPE = Customer Premise Equipment 
"ROW = Rest of World 
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Primary 
Secondary 
Secondary 

Primary 

Secondary 

Secondary 

Secondary 

Primary/ 
Secondary 
Secondary 

Secondary 
Primary 

Primary US 
Network US 
CPE US 

Primary US 

CPE US 

CPE US 

CPE US 

All ROW 

Network ROW 

CPE ROW 
Primary ROW 
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Table 2. Comparison of various agency lightning surge requirements by specification 
Agency standard Open-circuit Peak Short-circuit Peak 

voltage voltage current current 
waveshape (I-Is) (kV) waveshape (I-Is) (A) 

Telcordia GR-1089 Surge 1 10/1000 0.6 10/1000 100 
Surge 2 10/360 1.0 10/360 100 
Surge 3 10/1000 1.0 10/1000 100 
Surge 4 2/10 2.5 2/10 500 
Surge 5 10/360 1.0 10/360 25 

TIA-968-A - Type A 10/160 1.5 10/160 200 
10/560 0.8 10/560 100 

TIA-968-A - Type B 9/720 1.0 5/320 25 
9/720 1.5 5/320 37.5 

ITU K.17 101700 1.5 5/310 38 
ITU K.20 101700 1.0 5/310 25/100* 

VDE 0433 101700 2.0 5/200 50 
RLM 88, CNET 0.5/700 1.5 0.2/310 38 

"For ITU K.20, secondary protector must be able to accommodate 25A lightning, primary protector must accommodate 100A. 

transistors and a P-type resistor 
as shown in Figures 4 and 5. 

During normal operation, voltage 
is applied across the two termi­
nals. As voltage increases from 
anode to cathode, avalanche 
breakdown in the PNP transistor 
allows current I to begin to flow. 
The increasing avalanche current 
flows from the anode through the 
PNP transistor and then through 
the P-resistor to the cathode. 
Voltage across the P-resistor as a 
result of I biases "on" the NPN 
transistor. When the NPN transis­
tor is biased "on", the PNP is 
rapidly switched "on" causing the 
device to "foldback". The device is 
latched "on" due to the collector 
current of the PNP driving the 
base of the NPN transistor and 
likewise the collector current of 
NPN driving the base of the PNP. 

SiBar devices are N-type devices 
and have an IV characteristic as 
shown in Figure 6. Terminology 
for specific points of the IV curve 
are defined as follows: 

Ipp (non-repetitive peak pulse cur­
rent): Rated maximum value of 
peak pulse current of specified 
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Figure 3. Basic Diagram of Thyristor Chip 

"P" shorts 

"N" emitter 

"P" base 

Figure 4. Cross Section of One Side of a Thyristor Chip 
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Breakover voltage (V BO) the concentration of surge current Autoclave (PTH) 
The breakover voltage, V BO' is the is applied on a localized area of This test measures device resis-
voltage at which the device folds the thyristor chip. tance to moisture penetration and 
back. The breakover voltage is the resultant effects of galvanic 
the maximum voltage that will Maximum voltage rate-of-rise corrosion. 
appear across the device and the (dv/dt) 
circuit it is protecting. For the The dv/dt rating of the device is High-Temperature Storage Life 
designer, the maximum value of the maximum rate of voltage rise (HTSL) 
the breakover voltage is the criti- the device can withstand without This test accelerates failure 
cal value. The circuit needs to be turning on. For voltage rates-of- mechanisms that are thermally 
designed to withstand voltages rise greater than this value, the activated through the applica-

D 
up to the maximum V 80 level with- device could potentially fold tion of extreme temperatures. 
out damage. back without exceeding the 

breakover voltage. Temperature Cycling (TC) 
Breakdown voltage (V BR) This test evaluates the device's 
The breakdown voltage, V BR' is Capacitance (Co) ability to withstand both exposure 
the voltage at which the device When inserted into a circuit, the to and transitions between 
goes into the avalanche region device capacitance loads the extreme temperatures and expos-
and begins to conduct. The protected circuit. For high-speed es excessive thermal mismatch 
device is beginning to clamp the digital lines the device capaci- between materials. 
voltage, but it has not yet reached tance needs to be as low as 
the breakover voltage. possible to reduce signal loss. High-Humidity, High-

Capacitance for SiBar devices is Temperature Reverse Bias 
On-state voltage (V T) typically between 20pF to 50pF (H3TRB) 
The on-state voltage, VT, is the depending on voltage and mea- This test measures moisture 
voltage across the device when it surement frequency. resistance of plastic encapsulat-
has folded back and is conduct- ed devices under bias. 
ing. While not directly a critical Peak on-state surge current 
parameter in selecting the device, (ITSM) High-Temperature Reverse 
V T may be used to calculate the The devices are typically used in Bias (HTRB) 
power dissipated in the device coordination with overcurrent pro- This test aligns mobile ions by 
when it is in the on state. The tection devices like the temperature and voltage stress to 
higher the VT for a given current, PolySwitch TR series to protect form high-current leakage paths 
the higher the power dissipated against AC power cross and between junctions. 
by the device. power induction. To design the 

appropriate protection circuit, the Agency Approvals 
Peak pulse current (Ipp) designer needs to know the per- Raychem's new line of SiBar 
The peak-pulse-current rating Ipp formance of the overvoltage devices have been tested and 
is dependent upon the transient device when it is subjected to a have gained UL Recognition per 
current waveshape. The circuit power cross or power induction UL497B. 
must be designed to ensure the surge. Testing and modeling of 
surge current expected during the SiBar devices have been per- DeSign Considerations 
operation is within the device rat- formed to determine the maxi- When selecting devices for a par-
ings. mum allowable current for various ticular application be sure to ask 

time durations. The results are the following questions: 
Maximum current rate-of-rise given as an ITSM vs. Time curve, 
(di/dt) shown in Figure 7. 1. What is the breakover voltage 
The di/dt rating is the maximum required? 
rate of current rise the device Device Reliability Testing When selecting a component, 
can withstand without being The following reliability tests are decide at what point the device 
damaged. The damage of a conducted on SiBar devices to should change from high- to low-
device under di/dt occurs when ensure long term performance: impedance to protect the load. 
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