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1 Definition and construction

1.1 Introduction

The term ceramic capacitors covers a large group of capacitors. Their properties may be quite dif-
ferent, but they all have the oxide ceramic dielectric in common.

Ceramic generally means that an inorganic polycrystalline body is formed by sintering at high tem-
peratures. By means of special production methods, extremely thin layers of ceramic materials can
be obtained. These layers are stacked to construct capacitors whose electrical and mechanical
properties meet stringent requirements.

The multilayer capacitors consist of a monolithic ceramic block with comb-like sintered electrodes.
These electrodes come to the surface at the face ends of the ceramic block where an electrical con-
tact is made by burnt-in metallic layers.

Schematic construction of a multilayer capacitor with nickel-barrier termination:

Ceramic body

Termination

(nickel barrier)

NME | BME
Inner electrode AgPd | Ni/Cu

NME | BME
Substrate electrode Ag Cu
Intermediate electrode Ni Ni
External electrode Sn Sn

gg-g-(N-1)-A NME: Noble Metal Electrode
C= — BME: Base Metal Electrode
KKE0362-U-E

9]

Capacitance of capacitor [As/V = F]

gy ~8,85-10-12 As/Vm Absolute dielectric constant
Relative dielectric constant (material dependent)
Effective electrode area per electrode [m2]
Number of electrodes (metal layers)

Electrode spacing [m]

Q3> >F°
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1.2 Capacitance

The unit of capacitance is the farad. One farad is the capacitance of a capacitor in which a charge
of one coulomb produces one volt potential difference between the terminals.

Qg Q, charge stored in the capacitor [C = As]

c= 2 V  voltage applied to the capacitor [V]

Practical equivalent circuit diagram for a real capacitor

L £SR C L inductance [H = Vs/A]
- — H C  capacitance [F = As/V]
KKEQ148-H ESR equivalent series resistance [Q]

The magnitude of the impedance for this configuration can be calculated as follows:

J > 5 Z impedance (AC resistance) [Q]
12| = JESR + (142 fC) - 2nfL) f frequency of applied voltage [Hz]

1.3 Type classification and application

Depending on the chemical composition of their ceramic dielectrics, which determine the main elec-
tric properties, ceramic capacitors are classified as follows:

Class 1 capacitors

B The dielectric (e <200) primarily consists of a mixture of metal oxides and titanates.
B Defined linear temperature coefficient with reversible temperature dependence

B Capacitance does not vary with voltage.

B Low losses at frequencies up to the UHF range

B High insulation resistance

Applications: resonant circuits, filters, timing elements

Class 2 capacitors

B The dielectric (e ~ 200 to 10000) primarily consists of titanates (barium, calcium, strontium) and
zirconates.

B Non-linear dependence of capacitance on temperature and voltage

B Somewhat higher losses and lower insulation resistance than class 1 capacitors

m Capacitance decreases according to a logarithmic function (ageing).

B High capacitance values even with small-size capacitors are possible

Applications: coupling, blocking, filtering.
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2 Temperature characteristics of capacitance for class 1 ceramics
To EIA-198-1; -2; -3
c 0 G
Tolerance in ppm/°C
G=130 L =+ 500
H=+60 M =+ 1000
J=+120 N =+ 2500
K=+ 250
Multiplier (multiplication by significant digits gives o in ppm/°C)
0=-1 5=+1
1=-10 6=+10
2=-100 7=+100
3=-1000 8 =+ 1000
— Significant digits of temperature coefficient o
C=0,0 S=33
M=1,0 T=47
P=1,5 Uu=75
R=2.2
Temperature characteristic “NP0” covers “C0G”.
To EN 132100/ IEC 60384-8
Rated tempera- | Limit deviations for Class Code letters for
ture coefficient o | temperature coefficient o Limit
(10-8/°C) (10-6/°C) deviations
+ 100 + 30 1B A G
0 + 30 1B C G
- 33 + 30 1B H G
- 75 + 30 1B L G
- 150 + 30 1B P G
- 220 + 30 1B R G
- 330 + 60 1B S H
— 470 + 60 1B T H
- 750 +120 1B U J
—1000 + 250 1F Q K
- 1500 + 250 1F Vv K
-1000 <o <+ 140 1C SL -
—-1750 < o < + 250 1D UM -
Notes:

B The rated values of the temperature coefficient o and the accompanying limit deviations are
defined using the capacitance change between the temperatures 20 °C and 85 °C.
B A capacitor having a temperature coefficient of zero and a limit deviation of + 30 - 10-6/°C is given

the code letters CG (class 1B).
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3 Temperature characteristics of capacitance for class 2 ceramics
To EIA 198-1; -2; -3
X 7 R

L Maximum deviation of capacitance values
in %, referred to 25 °C
A=+10 E=+ 47 S=+22,0
B=+15 F=+ 75 T=+22/-33
C=+22 P 10,0 U=+ 22/-56
D=+3,3 R=+15,0 V =+22/-82

Upper category temperature

4=+ 65°C
5=+ 85°C
6=+105°C
7=+125°C
8=+150°C

—— Lower category temperature

Z=+10°C
Y=-30°C
X=-55°C

Temperature characteristic “B” (JIS) covers “X7R” (EIA).
Temperature characteristic “F” (JIS) covers “Y5U” and “Z5U” (EIA).

To EN 132100/ IEC 60384-10

Code Max. capacitance change in % Symbol for specified temperature range (°C)
letter for over specified temperature range —55/+ 125 | —55/+ 85 |—40/+85 |-25/+85 |+10/+85
sub-class | without with 1 2 3 4 6
DC voltage DC voltage

2B +10 % +10/~15% — X X X -

20 +20 % + 20/— 30 % X X X - -

2D + 20/- 30 % +20/— 40 % - - - X -

2E + 22/— 56 % +22/—70 % — X X X X

2F + 30/- 80 % + 30/- 90 % - x X X X

2R +15 % — X - - — -

2X +15 % +15/-25 % X - - - -

ﬂ 10/02



A
=
—

EPCOS

General Technical Information

4 Important terms
4.1 Frequency response
Equivalent series resistance versus Dissipation factor versus capacitance
capacitance for COG capacitors for COG capacitors
(typical values) (typical values)
KKEQQ65-1 - KKEQ141-U
10° Y m 107!
f NL- 500MHz {]
ESR ¢ N H tan§ ¢
N
T
200MHz 1 14
N
\ 100MHz
N ll 500MHz 10MHz
107 N, 20MHz 1072 /
N / 100MHz L
10MHz{ A /
5 N 5 /
\b
200MHz /
/ 20MHz —T1
/ /
/ /
1072 1073
07 10 10" 102 10* pF 10 0 100 10 102 10 pF 10t

The type-related impedance characteristics of chip capacitors are to be found in the data sheets.

4.2 Pulse handling capability

Va

100%

90%

Vs

10% Pulse definition to DIN 40839-1
v Rate of voltage rise: 5,=08-Vs/t,
0\(} . Max. permissible rate S, = 1000 V/us

S i B [ Max. voltage amplitude: Vg + V,=25- V;
fq KKEO291-2
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4.3 Thermal characteristic and electrical ratings

Ceramic capacitors change their capacitance more (class 2) or less (class 1) with temperature.
Graphs in the data sheet section show the respective characteristic curves.

Basically, ceramic multilayer capacitors may also be operated at higher temperatures than specified
by the upper category temperature. But in such cases some specific features of the ceramic mate-
rial systems must be taken into account.

Due to a change in the crystalline structure, the capacitance value of high K materials (with a high
dielectric constant, e.g. X7R, Z5U) drastically decreases above the Curie point (order of magnitude
approximately 50 % at 150 °C). With low K materials (with a low dielectric constant, e.g. COG) the
dissipation factor increases considerably at high temperatures.

Owing to the high temperature, moreover, an acceleration of failure mechanisms and thus a shorter
service life of the capacitor is to be expected. As the activation energy, necessary for calculating
the service life, is subject to some uncertainty, the numerical estimation may be incorrect. In the
most favorable case (E, = 0,5 eV) it can be assumed that the failure rate at 150 °C is approximately
125 times higher than under standard conditions T = 40 °C.

In addition to the high ambient temperature, the high electrical energy exchange contributes to heat-
ing the capacitor.

100 KKED282-3
°C
r
T 80
70 p 22 %,/
oA 0805
60 1206
1210
50 1812
2220
40
30
20
10 Heating of capacitors as a function
of power dissipation
(Parameter: size)

0
0 100 200 300 400 500 mW 700

—=F
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4.4 Ageing

The capacitance of class 2 capacitors (X5R, X7R, X8R and Z5U (Y5U)) decreases with time. This
process, known as ageing, follows a logarithmic law, which is expressed in terms of an ageing con-
stant. The ageing constant is defined as the percentage loss of capacitance during a “time decade”,
i.e. during a period of time, in which the capacitor is subject to a tenfold increase in age (e.g. from
1hto 10 h).

The law of capacitance ageing is expressed by the following equation:
Ci=C,-(1-k-log,t)

C, capacitance, t hours after start of ageing [F]

C, capacitance, 1 hour after start of ageing [F]

k ageing constant (capacitance decrease per decade)
t time in hours from start of ageing [h]

Because of ageing, it is necessary to specify an age for reference measurements at which the ca-
pacitance shall be within the prescribed tolerances.

Since the capacitance significantly decreases during the first hours after production, the capaci-
tance value for all shipped capacitors (except HighCap capacitors) refers to 1000 hours (t = 1000 h).
The capacitance value for HighCap capacitors refers to 48 hours (t = 48 h).

By heating the capacitors above the Curie temperature (approximately 130 — 150 °C) the capaci-
tance decrease can be reversed. Ageing then starts anew.

SMDs will be completely de-aged by each soldering process; subsequently a new ageing process
begins. For details refer to chapter “Soldering Directions®, page 215.
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4.5 Influence of measuring conditions and preconditioning

High DC voltages applied to class 2 capacitors also result in capacitance changes (depending on
the material system used):

Capacitance change after Capacitance change after
DC voltage appplied to DC voltage appplied to
X7R capacitors (typical values) Z5U capacitors (typical values)
10 KKE0192-E 10 KKE0193-E
Aic o/0 Aic O/O
C C /,
5 T 5 /’
/
0 0
-5 -5
-10 -10
0 Vr 2xVg Vg V 4xVg 0 VR 2XVR SXVR \Y 4XVH

4>VR - VR

These voltage effects can only be reversed by de-ageing.

The capacitance of class 2 capacitors changes with voltage and/or temperature load. If measure-
ments are made immediately after a voltage test, an insulation test or a test under thermal stress,
the capacitance may be exceeded.

ﬁ 10/02
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The following curves show the effects of deviations from the standard measurement conditions
(Vimss freass Tmeas @CC. 10 measuring and test conditions), taking an X7R capacitor as an example.

Capacitance change AC/C versus Dissipation factor tan & versus
measuring AC voltage V,, measuring AC voltage V,,

10 KKE0194-K 006 KKE0195-T

AC % / /|

9] v tand //
/ 0,05 /
5 v /
) /
// 0,04 /
0 /
/
- 0,03 /
) / /
/
-5
0,02 ,/
yd
7
-10 0,01
0 1 2 3 4 V 5 1 2 3 4 V5
—— Vi = Vims
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5 Climatic categories

The test class or climatic category to IEC 60068-1 is indicated by 3 groups of figures, e.g.:
55/125/56

1st group of figures:
corresponds to lower category temperature (test for resistance to cold)

2nd group of figures:
corresponds to upper category temperature (test for resistance to dry heat)

3rd group of figures:
number of days denoting duration of damp heat test at 93 % relative humidity and 40 °C

6 Storage of chip capacitors

Solderability is guaranteed for one year from date of delivery (half a year for chips with AgPd termi-
nations), provided that the components are stored in the original packages.

Storage temperature: -25...+45°C

Relative humidity:

<75 % annual average, < 95 % on 30 days in a year

7 Standards and specifications

CECC 00802

Guideline: CECC standard method for the specification of surface-
mount devices (SMDs) of assessed quality

EN 130000 Generic specification: Fixed capacitors

EN 130600 Sectional specification: Fixed ceramic capacitors, type 1

EN 130700 Sectional specification: Fixed capacitors with ceramic dielectric,
class 2

EN 132100 Sectional specification: Multilayer ceramic chip capacitors

EN 1SO 9000 Quality management systems: Fundamentals and vocabulary

EN 1SO 9001 Quality management systems: Requirements

EN 1SO 9004-1 Quality management and quality system elements
Part 1: Guidelines

ISO/TS 16949 Quality management systems: Automotive suppliers;
Particular requirements for the application of ISO 9001: 2000

IEC 60063 Preferred number series of resistors and capacitors

IEC 60068 Electrical engineering
Basic environmental testing procedures

IEC 60384-1 Fixed capacitors for use in electronic equipment

Part 1: Generic specificatio
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IEC 60384-8

IEC 60384-8-1

IEC 60384-9

IEC 60384-9-1

IEC 60384-10

IEC 60384-10-1

DIN 1SO 2859-1

DIN 40839-1, -2; -3; -4
EIA 198-1, -2; -3

QS 9000
VDA

Fixed capacitors for use in electronic equipment
Part 8: Sectional specification: Fixed capacitors of ceramic
dielectric, class 1

Fixed capacitors for use in electronic equipment
Part 8-1: Blank detail specification: Fixed capacitors of
ceramic dielectric, class 1. Quality assessment level E

Fixed capacitors for use in electronic equipment
Part 9: Sectional specification: Fixed capacitors of ceramic
dielectric, class 2

Fixed capacitors for use in electronic equipment
Part 9-1: Blank detail specification: Fixed capacitors of
ceramic dielectric, class 2. Quality assessment level E

Fixed capacitors for use in electronic equipment
Part 10: Sectional specification: Fixed multilayer ceramic
chip capacitors

Fixed capacitors for use in electronic equipment
Part 10-1: Blank detail specification: Fixed multilayer
ceramic chip capacitors. Quality assessment level E

Sampling procedure for inspection by attributes
Part 1: Sampling plans indexed by acceptable quality level (AQL)
for lot-by-lot inspection

Electromagnetic compatibility in motor vehicles

Ceramic dielectric capacitors
Class I, II, Ill and IV

Quality System Requirements (including supporting documents)

VDA (Verband der Automobilindustrie e.V.)
Quality management in the automotive industry
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