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1 Selection procedures

The selection procedure for ceramic transient voltage suppressors consists of the following main
steps:

1. Defining the requirements of the application circuit
2. Determining the expected transient surge
3. Selecting of a suitable CTVS

The maximum possible loading of a CTVS is determined by both the electrical specifications of
the intended application and its own physical capabilities. Note that we will differentiate between
these two in this chapter. We will mark the maximum possible loading of the CTVS determined by
the electrical specifications of the intended circuit with the superscript <*>>.

11 Defining the requirements of the application circuit

Operating voltage V,, of the circuit to be protected
Minimum protection level (clamping voltage) needed for the circuit

1.2 Determining the expected transient surge

Determining the transient load on the CTVS when limiting overvoltage means that you have to
know the surge current that is to be handled. For proper selection we need the following parame-
ters of the transient load:

Surge current lyge max”
Pulse duration t,*
Estimated number of surge repetitions N

1.2.1  Surge current I g max* and surge voltage Vg ge max*

The surge current in a given application is either specified or can be calculated from the applica-
tion's voltage. Either way, it has to be converted into a rectangular waveform and then derated to
calculate the load the CTVS has to handle.

Case A: predefined surge current lgyge max”

Often the surge current is predefined in specifications. After transformation into an equivalent rec-
tangular wave, a suitable CTVS type can be selected with the aid of the derating curves.

Case B: predefined surge voltage Ve max *

If the surge voltage is predefined, the surge current in a specific network can be determined in
one of the following ways:

Simulation
The most convenient method to determine the surge load is by using the PSpice simulation

Please read Important notes Page 2 of 19
and Cautions and warnings.
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models of the EPCOS ceramic transient voltage suppressors. Thus, the surge current, the
waveform and the energy content can be calculated. In these models, the maximum surge cur-
rent is deduced for the lower limit of the tolerance band, i. e. setting TOL = -10.

Test circuit
The amplitude and waveform of the surge current can be determined with the aid of a test cir-
cuit (predefined network). The dynamic processes for overvoltages require adapted measuring
procedures.

Graphical method

The overvoltage can be drawn into the V/I characteristic curve fields as a load line (with end
points: open circuit voltage, short-circuit current). At the intersection of this load line with the
CTVS curve selected to suit the operating voltage, the maximum protection level and the corre-
sponding surge current can be read off. The waveform and thus the energy content cannot be
determined by this method. Since the V/I characteristic curves are drawn in a log-log represen-
tation, the load line is distorted to a curve.

Mathematic approximation

The surge current is determined solely from the source impedance of the surge voltage (Vguge)-
By subtracting the voltage drop across the CTVS (from the V/I curve) you can approximate the
maximum surge current as follows: lgygemax” = (Vsuge — Vervs) / Zsouce- FOr reference refer to
chapter "Design notes," section 1.1.

1.2.2 Preparation of surge current figures for CTVS selection

Once the surge current in the application is known (ls,gemax*), the data must be prepared for the
actual selection of a CTVS.

For appropriate comparison of the obtained surge current figures with the maximum ratings of the
CTVS devices, we need to first convert the surge current waveform into an equivalent rectangular
wave by keeping the maximum surge current value. This is done using the rectangular wave
method.

1.2.3 The rectangular wave method

The rectangular wave method is illustrated in figure 1. Keeping the maximum surge current value
lsurge,max > YOU €an change the surge current wave into a rectangular wave of the same area. t* is
then the duration of the equivalent rectangular wave and is identical to the “pulse width” in the de-
rating curves.

The time period T* is needed to calculate the average power dissipation Pgssmax* resulting from
periodic application of energy.

Please read Important notes Page 3 of 19
and Cautions and warnings.
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*(t) &
lsuge’ () Surge current wave |j> Equivalent rectangular wave
| L . Figure 1
surge,max
Rectangular wave
method
T t t
T
MLV0121-O-E
If the pulse load
ﬁsurge*(t) dt
is known, then t,* can be calculated using the following equation:
jlsurge*(t) dt
t = —— (equ. 1)
Isurge,max

1.3 Selecting a suitable CTVS for overvoltage protection

After determining the operating conditions necessary for the applications, the next step is to find a
CTVS that can withstand the requirements

Select a CTVS that is suitable in terms of the following maximum ratings:

Maximum operating voltage: Vaysmax Vocmax i V
Maximum surge current: lgyge max in A

Maximum energy absorption: Wi, in J
Maximum power dissipation: Pgissmax in W
Maximum protection level: Vgampmax in V

aprpONd -

Determine the maximum possible voltage rise on the selected CTVS in case of overvoltage and
compare this value to the electric strength of the component or circuit that is to be protected.

Maximum operating temperature: Ty max

Note:

For operating the CTVS above the specified maximum operating temperature T, ., YOu must
consider the derating of the specified maximum figures according to the temperature derating
curves stated for each CTVS (see chapter "General technical information”, section 2.1.1).

Please read Important notes Page 4 of 19
and Cautions and warnings.
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1.3.1 Selecting a CTVS in terms of the maximum ratings

The electrical behavior of the CTVS results from the number of microvaristors connected in series
or in parallel.

This implies that the electrical properties are controlled by the physical dimensions of the CTVS
(refer to chapter "General technical information”, section 2.1.1).

Twice the ceramic layer thickness produces twice the protection level because then twice as
many microvaristors are arranged in series.

Twice the overlapping area produces twice the current handling capability because then twice
the number of current paths are arranged in parallel.

Twice the active volume produces almost twice the energy absorption capability because then
there are twice as many absorbers in the form of zinc oxide grains.

Keep this in mind when selecting a CTVS.

1.3.2 Maximum operating voltage Vgus max@Nd Vpc max

Step 1:
Maximum permissible AC and DC operating voltages are stated in the product tables for all CTVS
components. The operating voltage must not exceed these maximum ratings.

To obtain as low a protection level (clamping voltage) as possible, a CTVS should be selected so
that the maximum permissible operating voltage V¢ max is close to the operating voltage of the ap-
plication V.

Of course, you may also select a CTVS with a higher permissible operating voltage Vpc max This
procedure is used, for example, when it is more important to have an extremely small leakage
current than the lowest possible protection level (clamping voltage). In addition, the life time of the
varistor is also increased by a higher security margin between V,, and Vpg max.

Note:

CTVS are transient voltage suppression devices and therefore not designed for voltage regula-
tion. It is important to ensure that the intended operating voltage does not exceed the specified
maximum permissible operating voltage.

Non-sinusoidal AC voltages have to be compared with the maximum permissible DC operating
voltage Vpcmax SO that the peak or amplitude of the applied voltage does not exceed the maxi-
mum permissible DC voltage Vg max (0nly CU varistors).

In the case of power line applications, you must take into account the tolerance of the line oper-
ating voltage (e.g. European supply systems to IEC 60038: 230 V +10% = 253 V).

1.3.3 Maximum surge current ly,ge max

Step 2:

The definition of the maximum possible operating voltage in the previous step will have narrowed
down the choice of an optimum CTVS to the types of a defined voltage class (maximum permissi-
ble AC operating voltage). Then you check, with reference to the conditions of the application,

Please read Important notes Page 5 of 19
and Cautions and warnings.



A

y 3
 —
F

EPCOS

Selection procedures

what kind of load the CTVS can be subjected to. From the derating curves you can obtain maxi-
mum figures for rectangular surge current waves. For correct comparison with these maximum
permissible values, the real surge current wave (any shape) has to be converted into an equiva-
lent rectangular wave. This is best done graphically by the rectangular method illustrated above.

The maximum permissible surge current of the CTVS (lgyge max) depends on the duration of current
flow t* and the required number of surge repetitions N in the application. Taking these two para-
meters, the maximum surge current Iy, max Can be read from the derating curves.

1 04 MLV0370-F

A .
|surge‘max —’ t, !—tlsmge'max Flgure2

Example: pulse derating
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This figure is compared to the maximum possible surge currents in the intended electrical envi-
ronment of the CTVS.

Selection criteria:

*
lsurgemax” = lsurgemax (equ. 2)

1.3.4 Maximum energy absorption W,,,,

Step 3:
When a surge current flows across the CTVS, there will be absorption of energy. The amount of
energy to be absorbed by the CTVS can generally be calculated by the following equation:

t
W =J W(t) - it) dit (equ. 3)
to

Common ways to determine the surge energy:
Calculation method
Often the energy absorption can be read directly from a storage oscilloscope or can be calcu-
lated from the voltage/current curve using numerical methods.
Simulation
Determination of the energy absorption by PSpice simulation is even more convenient.

Please read Important notes Page 6 of 19
and Cautions and warnings.
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u Graphical method
Otherwise the equation can be solved graphically with sufficient accuracy by using the rectan-
gular wave method. The surge current wave ly,q.* (1) is converted as explained in the above
section into an equivalent rectangle and then multiplied by the highest voltage V,.,* appearing
on the CTVS.

* *

W= Viay - bsurge - tr (equ. 4)

Ve can either be derived from the V/I characteristic as the value matching lgygemax”, OF likewise
be determined with the aid of an oscilloscope as the maximum voltage drop across the CTVS

To check the selection requirement W* < W, (equation 6), you have to determine the maximum
permissible energy absorption for the intended varistor. This can be calculated by equation 4 as a
function of time the energy is applied (t*) and the number of repetitions N from the derating
curves.

Selection criteria:
W Vinax * Isurge,max -t (equ. 5)

max =

W* < Wy (equ. 6)

1.3.5 Energy of an ESD pulse

IEC 61000-4-2 specifies 15 kV as the highest charging voltage (severity level 4, air discharge) for
the 150 pF discharge capacitor according to figure 3.

100 MQ 330Q
Oo——=O0
High-voltage Device under
source T 150 pF test
L O
VAR0250-N-E
Figure 3
Please read Important notes Page 7 of 19

and Cautions and warnings.
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This means that the stored energy is
W =05-C-V>=05-150-10"2F -152-10°v?<0.02 )  (equ.7)

The 330 Q resistor limits the surge current to a maximum of
=V _15000V _ 4o o (equ. 8)

If this surge current is to be handled by a multilayer varistor, then, according to equation 10 in
chapter "Design notes", the effect of the varistor on this value of the current amplitude is negligi-
ble.

For CTO805M6G, for example, this means that

[ = (Vsurge — Vvar) _15000V
- Zgyrge ~ 3300

=45 A (equ. 9)

By transforming the discharge current (figure 1) into an equivalent rectangular wave, we obtain
t ~ 40 ns.

No value can be deduced from the derating curves for such an extremely short current flow time.

The energy absorption of multilayer varistors and CeraDiodes during ESD discharges lies in the
region of pd.

For the CT0805M6G, for example, according to equation this means that

W=V.l-t =45V-45A-40-107s = 80 p (equ. 10)

Thus the largest part of the energy content of the ESD pulse is absorbed by the 330 Q discharge
resistor.

All types of the MLV and CeraDiodes series are able to meet the (severest) ESD test level 4 to
IEC 61000-4-2. Figure 4 demonstrates this for multiple pulses taking the low capacitance type
CT0603L25HSG as an example.

Please read Important notes Page 8 of 19
and Cautions and warnings.
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MLV0043-Y-E
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Due to the steep edge of the ESD pulse, the inductance determined by mechanical construction
of a device and of the layout of the test circuit is of great importance for the test result. The CTVS
selection should therefore always be verified by an ESD test circuit.

1.3.6 Average power dissipation P ss max

Step 4:

The actual power dissipation of a CTVS is composed of the basic dissipation P,* in steady-state
conditions caused by the operating voltage and, possibly, the average of periodic energy absorp-
tion. If ceramic transient voltage suppressors are chosen from the product tables in agreement
with the maximum permissible operating voltages, P,* will be negligible within the specified ambi-
ent temperature range.

Periodic energy absorption produces an average power dissipation of

Piss” = ﬂ _ (Vsurge,max* ' |s*ur9e,max* 1) (equ. 11)
T T

W+ [J] Energy absorption

T [s] Time period

Vsurgemax [V] Maximum applied surge voltage

I surge,max [A] Maximum applied surge current

t* [s] Pulse duration

Please read Important notes Page 9 of 19

and Cautions and warnings.
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By solving this equation for T* it is possible to calculate the minimum time t;, that must elapse be-
fore energy is applied again without exceeding the maximum permissible average power dissipa-
tion of the CTVS:

— W* (e
e — qu. 12)
tmm I:’diss,m;zlx

Note:

CTVS devices are not to be “operated” at Pyssmax- They are not suitable for “static” power dissipa-
tion, e.g. voltage stabilization. There are other kinds of components, like zener diodes, designed
primarily for this kind of application, but with much lower surge current handling capability.

Selection criteria:
Pgiss™ = Pgissmax (equ. 13)

1.3.7 Maximum protection level (clamping voltage) V. iamp,max

Step 5:

The maximum possible voltage rise in the event of a surge current is checked with the aid of the
V/I curves or PSpice models. This figure can be read directly from the curve for a given surge cur-
rent (for worst-case varistor tolerances). If the voltage value thus obtained is higher than accept-
able, the following possibilities may assist in reducing the protection level.

Choose a type with a larger case size. The protection level is lower for the same surge current
because the current density is reduced.

Choose a tighter tolerance band. A special type is introduced that only utilizes the bottom half
of the standard tolerance band for example. This would mean a drop in the protection level by
approx. 10%.

Insert a series resistor. This reduces the amplitude of the surge current and thus the protection
level of the CTVS.

Note:

If the protection level obtained from the V/I curve is lower than required, you can change to a
varistor with a higher protection level (i.e. higher voltage class). This has a favorable effect on
load handling capability and operating life. The leakage current is further reduced.

Please read Important notes Page 10 of 19
and Cautions and warnings.
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1.4 Remarks on automotive protection

1.4.1 Load dump

Under this condition peak voltages up to 200 V can occur, lasting for few hundred ms, yielding en-
ergy levels up to 100 J. In accordance with ISO 7637 (see chapter "Protection standards," section
1.3.2), the load dump pulse 5 is specified by the parameters:

Charge voltage (test level) Vs
Internal resistance R;
Rise time t,
Duration ty

The easiest way to determine the amount of energy dissipation by the varistor is to perform a soft-
ware simulation (using e.g. PSpice) to determine which portion of the energy of this pulse the
varistor absorbs. The value calculated by this method W* must be lower than the value specified
in the product tables W,

ISO 7637 requires that at least one load dump absorption must be tolerated. In other specifica-
tions repeated load dumps up to 10 times are permissible. To comply with such regulations the
automotive industry specifies load dump values for 10 repetitions for their applications.

The product tables in the data sheets show supplementary maximum energy values for load
dump absorption W (with 10 - pulses).

If requested, EPCOS can perform load dump simulations according to the customer's specifica-
tions.

For such cases, we require information concerning the parameters listed above (charge voltage
Vs, internal resistance R, rise time t,, duration t4 ) plus the number of repetitions desired. A specif-
ic simulation example is given in section 1.5.4.

Please read Important notes Page 11 of 19
and Cautions and warnings.
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15 Selection by PSpice simulation

1.5.1 CTVS model

The development of a EPCOS CTVS model for the “PSpice design center” circuit simulation pro-
gram allows varistors to be integrated into the computer-aided development of modern electronic
circuitry.

In the PSpice modeling concept, the CTVS is represented by its V/I characteristic curve, a parallel
capacitance and a series inductance.

The structure of this equivalent circuit is shown in figure 5.

Rs '
Figure 5
L CTVS model, basic structure
S
Cp vV =£(l)
VAR0255-B

V =1(l) V/I characteristic
C, CTVS capacitance
Lg Series inductance
Rs =100 pQ Series resistance

In the model, the V/I characteristic curve is implemented by a controlled voltage source V = f(l).
An additional series resistance Rs = 100 pQ has been inserted to prevent the impermissible state
that would occur if ideal sources were to be connected in parallel or the CTVS model were to be
connected directly to a source.

The following approximation is used for the mathematical description:
log(V) =b1 +b2 - log() + b3 - e %"+ b4 . 9" 1>0 (equ. 14)

This means that the characteristic curve for any specific CTVS can be described by the parame-
ters b1 through b4. Figure 6 shows the typical V/I characteristic curve for the CTVS
CN2220K30G(K2) and the corresponding parameters b1 through b4.

The tolerance bandwidth of the V/I characteristic curve can be shifted to include cases of

upper tolerance bandwidth limit: highest possible protection level for a given surge current
lower tolerance bandwidth limit: highest possible (leakage) current for a given voltage

Please read Important notes Page 12 of 19
and Cautions and warnings.
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Vv V/I characteristic curve of
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Example: parameters for CN2220K30G(K2)

b1 1.7741151
b2 0.0237055
b3 -0.0015772
b4 0.0176357

In the model, the capacitance values stated in the product tables are used. The dependence of
the capacitance on the applied voltage and frequency is extremely low and can be neglected
here.

It is not permissible to neglect the inductance of the CTVS in applications with steep pulse leading
edges. For this reason, it is represented by a series inductance. As opposed to this, the internal
inductance of the CTVS may be neglected.

The PSpice simulation models can be downloaded from the internet (www.epcos.com/tools).

1.5.2 Limits of the CTVS model

For mathematical reasons, the V/I characteristic curves are extended in both directions beyond
the current range (10 PA up to lgugemax) SPecified in this data book, and cannot be limited by the
program procedure. The validity of the model breaks down if the specified current range is ex-
ceeded. For this reason, it is imperative that the user takes consideration of these limits when
specifying the task; the upper limit depends on the type of varistor. Values of < 10 pA may lead to
incorrect results, but do not endanger the component.

As opposed to this, values exceeding the type-specific surge current lg,g. max, May lead not only to
incorrect results in actual practice but also to destruction of the component.

Please read Important notes Page 13 of 19
and Cautions and warnings.
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Apart from this, the CTVS model does not check adherence to other limit values such as maxi-
mum continuous power dissipation Pgyss max OF Surge current deratings. In addition to carrying out
simulation procedures, the adherence to such limits must always be ensured, observing the rele-
vant specification given in the data book.

In critical applications, the simulation result should be verified by a test circuit.

The model does not take into account the low temperature coefficient of the varistors.

1.5.3 Simulation example for telecom application

In this example the aim is to test whether selecting a standard varistor CN2220K30G(K2) would
meet the test conditions specified by the German Telecommunications Administration:

Figure 7 shows the test circuit with a 2 kV charge voltage, figure 8 shows the corresponding mod-
el used in PSpice.

To achieve open-circuit voltage of 2 kV, the charging capacitor must be charged to 2.05 kV. In or-
der to prevent an undefined floating of R.,, an additional resistor R; = 10 MQ is inserted at the
output end.

MLV0101-Q-E

Figure 7
Simulation of the test pulse 10/700 ps applied to the device under test CN2220K30G(K2)

Pk

tClose =0ps
CN2220K30G(K2)
02pF  Ry[]1oma VAR H

C¢ 20 uF Rs

TOL = +10

<

Figure 8
Simulation of the test pulse 10/700 ps applied to the device under test CN2220K30G(K2)

VAR0257-R

Please read Important notes Page 14 of 19
and Cautions and warnings.
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For the varistor, the upper characteristic curve tolerance (TOL = +10) limit is used to simulate the
worst case, i.e. highest possible protection level. It is not considered necessary to model the de-
vice to be protected in this diagram since, in relation to the varistor, this is generally of higher re-

sistance for pulse loads.

Figure 9 shows the curve of the open-circuit voltage (varistor disconnected) and the maximum

protection level (with varistor).
2400 MLV0103-S-E
v

Vsurge”

o\
N

1200 N

Wen-circuit voltage
800 \\

400
\\
0
0 0.5 1 15 2 25 ms 3
— -t

Surge current

Figure 10 shows the voltage and current curves, with the

Jiasser

included in the drawing.

Figure 9
Open-circuit voltage
(varistor disconnected)

(equ. 15)

MLV0105-U-E

100 - 50 - 24 I
v ‘V | . A QmAs Q= “surge'd‘
surge surge *
T ol T 40+ T 20 \\v
30 - 16 4
60 -
v \\suvge
20 - 12 \
40 + / \ \
10+ 8 \ \
20r oF 4 / —
ot -0+ 0
0 05 1 1.5 2 25 ms 3
— -t
Figure 10

PSpice simulation: voltage, current and pulse load curves for the CN2220K30G(K2)

Please read Important notes Page 15 of 19
and Cautions and warnings.
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A maximum current ls,qe max” Of 48.2 A can be deduced from the curves.

Then, according to equation 1
(equ. 16)
Jlsurge* dt
_20.8 mAs

t = —= =432 s
Isurge,max 482 A

According to figure 11, the resulting maximum surge current lg.ge max fOr 10 loads is 60 A.

VAR0288-U

104
LA I s
surge,max ty
108
5 1x
~ T~
102 T 102~ T
3-10
5 SESI
— T~ ™~
— T 10 T =~ Sui
101 . D M e e e gy s,
5 = =
o gy o
10°
10! 5 102 5 108 5 ps 10°
—t,
Figure 11

A maximum surge current lgyqemax” = 60 A (10 times) can be deduced for t,* = 432 ps from the
derating curves for CN2220 valid for voltage class M6 ... K30

The selection criterion of equation is fulfilled:
Isurge,max =60A> Isurge,max* =48.2A (equ. 17)

Energy absorption
PSpice displays the energy absorption directly as

W= jvsurge,max* *lsurge,max” dt =4.2J (equ. 18)

The resulting permissible time interval between two pulses according to equation is

W __14) _
tnin = Paissmax _ 0-002 W ~ 70 s (equ. 19)

This means that the requirement of a minimum time interval between pulses of 70 s or more is ful-
filled.

Please read Important notes Page 16 of 19
and Cautions and warnings.
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Highest possible protection level

In figure 10 the highest possible protection level can be deduced as 85 V. Thus it is possible to di-
minish the transient “overvoltage” of 2 kV to 4.3% of its value.

Note:

The specification stated above can also be met using the specially developed telecom varistors.

1.5.4 Simulation example for automotive application

In the next example the aim is to test if the varistor is able to meet a specific load dump test con-
dition. This pulse occurs in a event of a discharged battery being disconnected while the alterna-
tor is generating charging current.

The figure shows the test circuit where a 60 V overvoltage is superimposed on the battery voltage
of 13.5 V.

topen =10 ms toise = 10 Ms

R, L R, ‘/®
5 :ﬂ){z 1){2

50Q

|+

L v c,
=80V 110mF

CN2220S14BAUTOE2G2(K2)

VARH TOL=0

MLV0087-Y

Figure 12
Simulation of the test pulse for load dump applied to the device under test
CN2220S14BAUTOE2G2(K2)

Please read Important notes Page 17 of 19
and Cautions and warnings.
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Figure 13
Open-circuit waveform with disconnected load resistor and disconnected varistor

MLV0106-V-E
45 0106

30 \\
25

Load dump pulse

(with disconnected varistor)
20 \

15 \\

100 200 300 400 ms 500

—t

Figure 14
Loaded waveform V" with 0.7 Q load resistor

Please read Important notes Page 18 of 19
and Cautions and warnings.
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Figure 15 shows the current, voltage and energy through the chosen varistor. It can be seen that
the simulated energy is below the maximum specified energy of 25 J for the
CN2220S14BAUTOE2G2(K2).

40 MLV0107-W-E
V,AJ
Vsurge*: |surge*, W
30
Wr=24J
20 / \\
L \ Vsurge*
10
%urge’r
0
0 100 200 300 400 ms 500
—t

Figure 15
The current, voltage and energy through the chosen varistor CN2220S14BAUTOE2G2(K2)

Please read Important notes Page 19 of 19
and Cautions and warnings.



