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Question:

How can | take the DC bias effect of multi-layer ceramic capacitors (MLCCs) into
account in circuit simulations?

Answer:

Use LTspice’s nonlinear capacitor capabilities and a reasonable model.

This article describes how LTspice” simulations can be used to account for the
effect of voltage dependence, or DC bias, caused by the use of ceramic capaci-
tors with even smaller and smaller case sizes. Demand for smaller electronic
devices with an increasing number of features, combined with reduced current
consumption, calls for size constraints on components, including MLCCs. As
a result, the effect of the voltage dependence, or DC bias, is also being pushed
into focus.

Miniaturization of ceramic capacitors requires higher capacitance values in an
increasingly smaller space. To that end, materials with high permittivities (€) and
increasingly thin dielectric insulating layers are being implemented, making it
now possible to produce high quality ceramic layers on an industrial scale.
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Unfortunately, the permittivity €, = f(f) is a function of the electric field strength,
and thus the capacitance exhibits a voltage dependence. Depending on the
ceramic type and the layer thickness, this effect can be very pronounced. A drop
in capacitance to less than 10% of the nominal value at the maximum allowable
voltage is no rarity.

In applications that work with a constant voltage applied to the MLCC (for example,
decoupling capacitors), the effect can easily be taken into account. As long as
the voltage remains constant, the remaining capacitance value can be taken
from the data sheet or an online tool provided by the manufacturer.

But what about cases in which the voltage is variable—for example, in Figure 4,
which shows an input filter on a switching regulator that should be operated
with 5V from USB to 24 V from an industrial supply? Or the AC coupling of a
2-wire Ethernet PHY with supply on the same lines with different voltage values?

In such situations, circuit simulations with LTspice provide useful insight. Some

MLCC manufacturers already offer the corresponding DC bias models for down-
load. In addition, LTspice provides methods for imitating the voltage-dependent
behavior with implemented tools. For this, the curve of capacitance as a func-
tion of voltage and one of the approaches described in Figure 3 are useful.

LTspice offers a well-known capacitor model with a constant capacitance as well
as a nonlinear model. This nonlinear model evaluates a charge equation. Direct
evaluation of a nonlinear capacitance model is unsuitable due to the required
charge retention. This should not be a problem here because the capacitance
is yielded through differentiation of the charge with respect to the voltage.
Conversely, the integral of the voltage-dependent capacitance must be formed.
This has already been done for the following approaches, so these models can
be used without any math.


https://www.analog.com
https://www.analog.com/en/index.html
https://ez.analog.com
https://www.youtube.com/user/AnalogDevicesInc
https://twitter.com/adi_news
https://www.linkedin.com/company/analog-devices
https://www.facebook.com/AnalogDevicesInc
https://flipboard.com/@AnalogDevices

The first-order approach uses the linear voltage dependence

C(OV) - C( Vmax) (])
Vmax

from which, through integration, the charge equation

Vi) = Viias * COV) ~ 1 ¥y OV W) )

max
is yielded. This can now be inserted directly in LTspice nomenclature in place
of the capacitance value in the capacitor:
0=x*{c0V}-0.5*x**2*({c0OV}-{cVmax})/{Vmax}.

C(Vpias) = C(OV) = Vpias

In many MLCCs, however, the initially nearly constant capacitance drops rapidly

even at moderate voltages, after which it remains nearly constant. If only the

linear model is used in such cases, the effective capacitance is overestimated

for a large range of voltages. For this widespread case, a model based on the

hyperbolic tangent (tanh) can be used:

2(Vpias = V) | . Cour (3)
Vtra

CVvias) = % | - tanh

The parameters can be easily estimated without use of further aids.
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Figure 1. Tanh approximation function and associated parameters.

The capacitance value can also simply be replaced by the charge equation
0=x*({C0+Csat})/2+({Csat-C0})/&*{Vtra}*In(cosh((x-{Vth})*2/{Vtra})).
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Figure 2. A 10 pF MLCC.

For checking the capacitor model in LTspice, a constant voltage ramp with
v _ v (4)

dt s
is applied. The amount of current through the capacitor then corresponds exactly

to the capacitance value due to
= av (5)
I1=Cx—
dt
Figure 3 clearly shows the superiority of the proposed nonlinear models over the
standard constant-capacitance model. With such a capacitance curve, the linear

model is sufficient for most applications.
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Figure 3. An example of a 10 uF 6.3 V 0805 MLCC with various capacitance madels in LTspice.

Finally, it should be noted that only a single nonideal effect is simulated here.
There are still a number of other effects in MLCCs including aging, temperature
dependence, frequency dependence, AC amplitude dependence, dielectric absorp-
tion, and many more. For many applications, it is sufficient to consider the DC bias
dependence as the only dominant effect. LTspice can be used as a practical
tool to account for nonidealities such as DC bias prior to manufacturing the
first prototype.

2 RAQISSUE 192: HOW TO USE LTSPICE SIMULATIONS TO ACCOUNT FOR THE EFFECT OF VOLTAGE DEPENDENCE



, Spectrum
Analyzer

Vsource| ! 1 Vin C2
| I HEN/UV TINTVee
i i 10pHL ! uF ouT
! ! Sync Bias -9
1 == 1L u2 C6
= L el I: - LT8619 e [ 2';7,“
T T hi_seaingiT _ Th epe ssTIS3ME | 22w I
1~ R6 5
b RT swieQIbF [ 2 R7
I 1 |20kn | GND FB MO
L S Re
WA—
. 36k0=
[
[
[
[
[
____________________ N e 1,
! Lfilt1 1pH !
H Cpiint Rser-163 Cpar=3.14p i
: 0 =x*(22u+1u)/2+(1u-22u)/4*{28}*In (cosh((x+2)*2/28)) :
H Cirms1 H
! vi | 0=x*(22u+1u)/2+(1u-22u)/4*{28}*In (cosh((x+2)*2/28)) n !
1 m 1
i C_) L L2 I
H 700 pH 700 pH |
1 .step V1list 512 24 AC1 1
H R1 .ac dec 10010k 100 M R2 i
1 6mQ 6mQ |
[ 1
] - - - - 1

ANALOG
DEVICES

AHEAD OF WHAT'S POSSIBLE™

For regional headquarters, sales, and distributors or
to contact customer service and technical support,
visit analog.com/contact.

About the Author

Reiner Bidenbach is a field applications engineer in central Eurape. He joined Analog Devices in October 2010 with 14 years
of experience in analog IC design. Reiner graduated in 1996 from the University of Ulm, Germany, with a Dipl. Ing. degree in electri-
cal engineering. He can be reached at reiner.bidenbach@analog.com.

Gain of AC Current Suppression (dB)

-(v1)

20 TTTTT T T TTTIT 270
Vins — v
,g‘;(\ — 12V
0 T \ — 24V U180 ~
\\ &
S
" AN w
NN g
NN 2
NN ]
-40 el S R .
CISERE N \ LHF g
. N Al 3
4 o
\ ' Wl b
1 1 <
B e R R | e R 57——7————7———7—— -0 3
1 I Ny
LA | E P ™\ @
RSB SeC Rl ¢ N o 2
-80 = -180 &
-100 -270
0.01 0.001 1 10 100

Ask our ADI technology experts tough questions, browse

FAQs, or join a conversation at the EngineerZone Online

Support

Community. Visit ez.analog.com.

©2021 Analog Devices, Inc. All rights reserved.
Trademarks and registered trademarks are
the property of their respective owners.

Frequency (MHz)

VISIT ANALOG.COM


https://www.analog.com
https://www.analog.com/contact
https://ez.analog.com
https://www.analog.com
https://www.analog.com/en/products/lt8619.html
mailto:reiner.bidenbach%40analog.com?subject=

	Button 25: 
	Page 1: 

	Button 24: 
	Page 1: 

	Button 23: 
	Page 1: 

	Button 22: 
	Page 1: 

	Button 21: 
	Page 1: 

	Button 20: 
	Page 1: 



