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Time Dependent Capacitance Drift of X7R MLCCs Under
Exposure to a Constant DC-Bias Voltage

« Abstract: Until recently, it was assumed that multilayer ceramic capacitor (MLCC)
manufacturers’ data stating the typical voltage coefficient of capacitance (VCC) and
capacitance loss due to aging (no bias) could be additive, and that further capacitance drift
over time will not be significant. However, recent research of the capacitance changes of
X7R MLCCs under exposure to a constant DC bias voltage has shown that a time-related
capacitance drift exists that can be much larger than the typical VCC and normal aging
effect combined. This was first questioned by an automotive manufacturer and reported as
an issue in critical systems that was related to capacitance loss and bias aging. A study of
the DC Bias aging for a very common MLCC (0603 X7R 100nF 50V) was performed which
subjected the capacitors to DC bias at 40% and 100% of the rated voltage for more than
1000 hours. The capacitance was measured intermittently to measure the drift. Results
indicated the construction and/or material system of the part affected the degree of
capacitance drift. Recovery of the capacitance after the bias was removed, also tended to
depend on this construction.

\4
_|
-
®
O
Z
>
O
—
—+
Q)
(@)




Background

« Multilayer Ceramic Capacitors (MLCCs) offer advantages to the designer:
« High capacitance, low ESR, low cost, and insensitivity to high temperature assembly

« MLCCs do exhibit changes of their electrical characteristics due to applied voltage and operating
temperature, which depends on the nature of the dielectric material used

Class 1 (NP0O/CO0G) Class 2 (X7R)

* Based on paraelectric ceramic * Based on ferro-electric ceramic compositions.

+ Stable, low loss dielectric material + Higher dielectric constant - higher capacitance values
+ Very limited effect of voltage and temperature. - Downside: capacitance is affected by operating

- Downside: lower dielectric constant - lower available environment

capacitance for a given size

« Because of the high stability of the electrical characteristics and relatively low capacitance
values, capacitors of Class 1 are not subject of this study

« However, several factors affect the stability of the electrical characteristics of Class 2:

« Temperature, DC-bias voltage, frequency, AC-voltage amplitude as well as aging of
capacitance and dissipation factor over time
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Background

 Until recently, it was assumed that the loss of
capacitance in Class 2 MLCCs was due to 3 factors:

« Application of a DC-bias voltage
« Aging of the capacitor
« Temperature

« However, recent reports of the capacitance change over
time under the influence of a DC-bias voltage indicate
that there is a time related cap drift which can be much
larger than the normal aging effect (Ref 1 and 2)

« So, if in application, the capacitors are exposed to a DC-
bias voltage for a long time, the knowledge of the VCC
and aging effects alone is not sufficient to predict the
evolution of the capacitance of a capacitor over the
course of its lifetime

* We decided to study this phenomenon

© VISHAY INTERTECHNOLOGY, INC. ALL RIGHTS RESERVED.

Capacitance change in %
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From “Ceramic Capacitor Aging: What to Expect
ceramic-capacitor-aging-what-to-expect.pdf
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file:///C:%5CUsers%5Cbward%5CDownloads%5Cceramic-capacitor-aging-what-to-expect.pdf

Test Setup and Procedure

» Ten (10) capacitors were mounted on a PCB and subjected to a
constant DC-bias voltage over the entire duration of the test

» One group of parts was manufactured with noble metal electrodes
while the three other group were base metal technology
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* This test was done at 2 voltage levels and also at elevated
temperature

* 40 % Rated Voltage, 25 °C
* 100 % Rated Voltage, 25 °C
* 40 % Rated Voltage, 80 °C

» At defined periods of time, the parts were temporarily removed from
their fixture and cap-tested at the same DC-bias voltage

» When testing was performed at higher temperature, the parts were
cooled to room temperature before cap measurements were made

» For the evaluation of the recovery behavior of the capacitors after
long exposure to bias voltage, the terminals of parts were constantly
shorted to prevent the build-up of any remaining voltage

« Complete de-aging was performed at 150 °C for a duration of 1 h
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Exposure to 40 % of Rated Voltage at Room Temperature

« Capacitance change of a 50 V 0603 100nF MLCC over time with 20 V bias constantly applied at
25 °C
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Exposure to 40 % of Rated Voltage at Room Temperature

 Observations

« BME capacitors show much more cap drift under the influence of DC-bias than would be
expected due to normal bias and aging estimates

« After 1000 hours, loss was between 24 % and 30 %
« NME capacitors drift was far less than the drift exhibited by the BME capacitors
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« The drift observed for the NME capacitors was in line with the typical 1 % to 3 % / decade
aging drift

« NME capacitors exhibit higher remaining capacitance after longer exposure time than BME
capacitors

© VISHAY INTERTECHNOLOGY, INC. ALL RIGHTS RESERVED.




Exposure to 100 % of Rated Voltage at Room Temperature

« Capacitance change of a 50 V 0603 100nF MLCC over time with 50 V bias constantly applied at
25 °C
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Exposure to 100 % of Rated Voltage at Room Temperature

 Observations

« All capacitors exhibited drift greater than what would be expected from aging drift alone.
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« As would be expected, when exposed to the full rated voltage, the capacitance drift proceeds at
a much higher speed, though it ends up at a similar point

« NME capacitors drift was still less than the drift exhibited by the BME capacitors, though not as
significantly as what occurred at 40% of rated voltage.

- The BME capacitors showed a wider range of loss, between 15 % and 25 %
« The conclusions are valid for DC-bias fields in the order of 6 V/um and higher
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Exposure to 40 % of Rated Voltage at Elevated Temperature

« Capacitance change of a 50 V 0603 100 nF MLCC over time with 20 V bias constantly applied at
80 °C
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Exposure to 40 % of Rated Voltage at Elevated Temperature

 Observations

» At elevated temperature, the BME losses were still slightly more than the NME losses, but the
difference was much smaller
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« Perhaps the temperature coefficient of capacitance dominates the cap loss
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Recovery After Long Bias Exposure

» Capacitance recovery (zero bias) in 0603 X7R 100 nF, 50 V MLCC following 1000 h of exposure to 50 V bias
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Recovery After Long Bias Exposure

* Observations
« When the DC-bias voltage is removed, the capacitors do recover at room temperature. However:
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« The NME capacitors recovered very quickly to 95 % of the original value in just a few
minutes

« The BME capacitors took much longer to recover — from 50 to 1000 h to reach 95 %
recovery

« After treatment at 150 °C for 1 h, all capacitors returned to their initial values

« This suggests that the drift due to the bias voltage is related to time dependent changes in
the domain structure as a result of prolonged exposure to a bias field

© VISHAY INTERTECHNOLOGY, INC. ALL RIGHTS RESERVED.




Conclusions and Recommendations

Confirming reports from the field, there does appear to be a capacitance drift of Class 2
MLCCs due to long-term DC bias exposure

The drift seems to be more severe in base metal electrode products than in noble metal
electrode products

At high temperature, the difference in drift between electrode systems seems to be less

Recovery after the voltage is removed also varies; NME parts recover almost
instantaneously while BME part can take up to 1000 to recover

Deaging the parts (raising the temperature above the Curie point) reverses the loss,
suggesting this is a phenomenon related to changes in the domains structure

If the application is sensitive to capacitance value, this drift should be accounted for during
the circuit design
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Muiltilayer Chip Capacitors

hite Paper
Time-Dependent Capacitance Drift of X7R MLCCs
Under Exposure to a Constant DC Bias Voltage

A Comparative Case Study on 0603 X7R 100 nF, 50 V MLCCs (Vishay and Three Competitors)

By Paul Coppens, Eii Bershadisky, John Rogers, and Brian Ward

ABSTRACT
Unti recenty, it was assumed that multiayer caramic capecitor MLCC) manufacturers’ data stating the typical voltage
citance

More Information and References e

where:
€ = capacitance

N = number of dielectric layers

A = overtap area of each conductive pate (m?)

dielectric permeability of free space (8.854 x 102 F/m)

« See the full study, “Time-Dependent Capacitance S

In class Il dielectrics, the ceramic and th dom:
for the initial hich canacitance. If tha polarization is plotted as a function of tha gxciting field. as in Fia. 1. a hvsteresis loop is

. AGING PHENOMENA IN FERROELECTRIC CERAMICS Bl
‘Above the Curie temperature, barium tanate exhibis a cubic siucture. n this sate the dielectic s not ferroslectic, and no
spontansous polarization s cbssrved. Upon cooling down below the Curie temperature, the crystal structure changes o
tetrahedral. This allows the ttanium atom to permanenty move off-center in the crystal lattce, giving rise to a permanent
polarization. Over time, the domains ro-arrange continually, reducing intema sirain, Thi siow re-arangemen of domains
Causes the capacitance to decrease over tims. Typicaly, aging follows a logarthmic law whose mathematical expression fa

onstant DC Bias Voltage”, HERE. _

C = capacitance after time t
Co = initial capacitance
A = aging constant
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THE DC BIAS AGING TEST SETUP AND PROCEDURE
[ ) 10 0603 X7R 100 nF, 50 V rated capacitor samples from

Vishay and three other MLCC manufacturers were mounted

on printed circuit boards (PCB). Complete de-aging was

performed on all capacitors at 150 °C for aduration of 1 hour
prior to testing. These capacitors on PCBS were inserted

H3dVd ILIHM

40 % and 100 % rated voltage over the entire duration of the

1. Effects of MgO Doping on DC Bias Aging SR RTINS

holding most of their electrical charge. Capacitance was
then measured while applying the same test voltage level
and polarity. PCBs were then retumed to their fixtures to

Behavior of Mn-Doped BaTiO3, Dong Woo e e e

how DC bias aging is affected by a higher field. Fig. 6 shows the capacitance loss over time, again referenced from the
capacitance after 50 V bias appled. Comparing Fig. 5's loss with 40 % bias, and Fig. 6's loss with 100 % bias, the plot of
9. shows that capacitance oss procseds st a faster rats. Competing capacios inkialy showed much more

diift under the infiuence of DC bias than Vishay capacitors, which again remained more stable up to 100 hours. However, this

HAHN et All, Japanese Journal of Applied S S
Physics Vol. 47, No. 7, 2008, pp. 5526-5529 :

SUMMARY
LONG-TIME EXPOSURE TO 40 % RATED VOLTAGE AT ROOM TEMPERATURE
Prolonged exposure of x7n capacitors to a DC bias von:ge led to a capacitance decrease that was much stronger than the

2. Mechanism of capacitance aging under DC-bias = =% T

bias flekis in the order of up to 2.5 /m. Since MLGGs ae seldom used at 100 5% rated volage, this votage sress contion 7y
is applicable to the majority of the MLCCs in the field.

H H H H LONG-TIME EXPOSURE TO 100 % RATED VOLTAGE AT ROOM TEMPERATURE
Ie ” | - S a aa I Sl |r| ” ' ” e s nth case of exposure o DC bias at 40 % o ate volage,proonged exposure of XTR capaciors fo  OC bias votage )
] 3 N leads to a relatively strong capacitance drift. Exposed to the full ated voltage, the capacitance drift proceeds at a much higher als

H3dVd JLIHM
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: o anicrc oo, ten e
which remained more stable up to 100 hours. Vishay's advantage gradually diminished around 1000 hours of exposure. The <
conclusions are vald for DC bias fields in the order of 6 V/um and igher. average -

. 7 aging. —

Electrocera 2008 21 1 21 e e e i B m

I I l . When the DC bias voltage competing more slowly than Vishay's device, which saw Eintotal ™
295 % capacitance recovery in just a few minutes after bias ‘Competing capacitors took and d was T
1000 hours or more to reach 95 % recovery. Alltested capacitors recovered to 100 9% after thermal treatment at 150 °C for >
1 hour. =
m
CONCLUSIONS
45265

Vishay's trducory testiogofth efectsof DG ias aging o class I MLOCs supportsprio eports. The Vishay capecior
tested proved to be the least affected by DC bi

ms study was not an investigation into the physical, chemical, or materal reasons for ifferences in per(orrnanva between

iowever,
DG bi is related

 bias fild. Ao, Vishay MLOGS are produced using noble metal technology. Thethree competing parts tested were made

using b ology. afactor explaining the contrast in aging behavior observed.

It is now clear that capacitance loss vs. DC bias aging is a critical characteristic that engineers need to know during design
evaluation. In response, Vishay is beginning DC bias aging tests on our X7R dielectric systems to provide this data. Vishay's DG
bias aging tests will be conducted for at least 100 hours or greater, with 20 %, 40 %, and 60 % of the rated voltage applied at
room temperature.
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