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DEFINITIONS

Data sheet status

Obijective specification This data sheet contains target or goal specifications for product development.

Preliminary specification This data sheet contains preliminary data; supplementary data may be published later.

Product specification This data sheet contains final product specifications.

Application information

Where application information is given, it is advisory and does not form part of the specification.

LIFE SUPPORT APPLICATIONS

These products are not designed for use in life support appliances, devices, or systems where malfunction of these
products can reasonably be expected to result in personal injury. Philips customers using or selling these products for
use in such applications do so at their own risk and agree to fully indemnify Philips for any damages resulting from
such improper use or sale.
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GENERAL

Ceramic capacitors are widely used in electronic circuitry
for coupling and decoupling, and in filters. These
different functions require specific capacitor properties.

Ceramic capacitors can be divided into two classes:

Class 1 In these capacitors dielectric materials are
used which have a very high specific
resistance, very good Q and linear
temperature dependence
(g, from 6 up to 550). They are used in such
applications as oscillators and filters where
low losses, capacitance drift compensation
and high stability are required.

Class 2 These capacitors have higher losses and
have non-linear characteristics (g, >250). They
are used for coupling and decoupling.

CONSTRUCTION

The capacitance of a ceramic capacitor depends on the
area of the electrodes (A), the thickness of the ceramic
dielectric (t) and the dielectric constant of the ceramic
material (g,); and on the number of dielectric layers (n)
with multilayer ceramic capacitors:

C=ee, 2

The rated voltage is dependent on the dielectric strength,
this is mainly governed by the thickness of the dielectric
layer and the ceramic structure. For this reason a
reduction of the layer-thickness is limited.

Two constructions are shown in Figs 2 and 3.

The electrodes are normally copper, silver or some other
good electrical conductor. For multilayer capacitors
palladium or platinum is used since the electrodes are
applied before the ceramic is fired at a temperature
where silver would oxidize. '

MANUFACTURING OF CERAMIC CAPACITORS

The raw materials are finely milled and carefully mixed.
Thereafter the powders are calcined at temperatures
between 1100 and 1300 °C to achieve the required
chemical compositions. The resultant mass is reground
and dopes and/or sintering means are added.

The finely ground material is mixed with a solvent and
binding matter. Thin sheets are obtained by casting or
rolling.
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For plate capacitors these sheets are fired in a carefully
controlled atmosphere at temperatures between

1200 and 1400 °C. For multilayer capacitors electrode
material is printed on the sheets and after stacking and
pressing of the sheets cofired with the ceramic compact
at temperatures between 1000 and 1400 °C.

To prevent silver migration under humid conditions plate
capacitors have copper electrodes. As an extra
precaution to ensure good behaviour under humid
conditions and to protect the electrodes the capacitors
are lacquered. The totally in the ceramic enclosed
electrodes of a multilayer capacitor guarantee good life
test behaviour as well.

EQUIVALENT CIRCUIT FOR LEADED CAPACITORS
Figure 1 shows the equivalent circuit of a capacitor.

C is the capacitance between the two electrodes,
plus the stray capacitance at the edges and
between the leads.

R, is the insulation resistance of insulation and
dielectric. Generally R, is very high, and of
decreasing importance with increasing frequency.
R, also represents the polarization losses of the
material in an alternating electric field.

R, is the losses in the leads, the electrodes and the
contacts. Up to several hundreds of MHz the
current penetration depth is greater than the
conductor thickness so that no skin-effect occurs.
For ceramic capacitors R, is extremely low.

L s the inductance of the leads and the internal
inductance of the capacitor; the latter, however, is
almost negligible. The inductance is only important
in high frequency applications, since the capacitor
will act as an inductance when the frequency is
higher than its resonance frequency.

MBB607

Fig.1 Equivalent circuit.
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Fig.3 Cross-section of a multilayer capacitor.
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TANGENT OF THE LOSS ANGLE

The losses of a capacitor are expressed in terms
of tan & which is the relationship between the resistive
and reactive parts of the impedance, specified as follows:

wns< |8l R,+R,{1+(wCR,)?2}
©CR,? - oL{l+(0CR,)?}

X

From this formula, tan & can be derived for different
frequency ranges as shown diagrammatically in the
graph of Fig.4.

MBB608
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RELIABILITY

The failure rates shown in Table 1 have a confidence
level of 60% and refer to observations of plate capacitors
up to and including 1992.

Table 1 Reliability

NUMBER OF FAILURE RATE
COMPONENT HOURS CATASTROPHIC DEGRADATION FIELD RESULT
35 960 000 28 14 <02 FIT
Notes

1 FIT = 1 failure rate within 10° component hours.

Catastrophic and degradation failure rates are given
under normalized conditions,
i.e. at 0.5 x rated DC voltage and T, = 40 °C.

Catastrophic failures include capacitance, tan & and
insulation resistance values, which do not meet the
requirements after endurance test.

Degradation failures include capacitance, tan & and
insulation resistance values, which are between initial
values as given in the data sheet, and the requirements
after endurance test.

April 1993

The determination of failure rates is based on the rated
conditions as stated in MIL-HDBK-217D. All the test
results should be interpreted as results under rated
conditions even if the temperature and voltage exceed
the rated values.

The field result value has been obtained from
measurements in applications with very low
environmental stress, at 0.5 x rated DC voltage,
continuous operation, and equipment temperature
between 10 and 55 °C.
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L T S e T T R S o AT 3 s T s e R i R R T e

FEATURES QUICK REFERENCE DATA
e Six standard sizes Rated voltage U, (DC) 63V (IEC), 100 V (IEC)
o High capacitance per unit volume Capacitance range class 1,
e Supplied in tape on reel or in NPO dielectric (CG) 0.47 pF to 10 000 pF (E-12 series) (note 1)
boxes N750 dielectric (UJ) 4.7 pF to 1 200 pF (E-12 series)
» For high frequency applications Capacitance range class 2,
o Available with Ag/Pd and Ni/Sn X7R dielectric (2R) 100 pF to 1 uF (E-12 series)
terminations. Tolerance on capacitance
NPO, N750 dielectrics +10%, £56% and +2% (note 2);
APPLICATIONS below 10 pF, 0.5 pF and +0.25 pF (note 2)
 Consumer electronics X7R dielectric +20%, +10% and 5%
o Telec omrnuni cations Sectional specifications LEaCs) ;B:; gE sggosnzd ;ag(:)hon 1989-04
* Automotive Detailed specification based on CECC 32 101-801
* Data processing. Climatic category (IEC 68)
NPO, N750 dielectrics 55/125/56
DESCRIPTION X7R dielectric 55/125/56

The capacitor consists of a

rectangular block of ceramic Notes

dielectric in which a number of .
interleaved precious metal 1. Other values below 10 pF and values other than E-12 are available on

electrodes are contained. This request.

structure gives rise to a high 2. For lower tolerances see Narrow tolerance series.
capacitance per unit volume. The
inner electrodes are connected to
the two terminations, either by silver
palladium (Ag/Pd) alloy in the

ratio 65 : 35, or silver dipped with a
barrier layer of plated nickel and
finally covered with a layer of plated
tin (Ni/Sn). A cross section of the
structure is shown in Fig.1.

terminations

ceramic material

Fig.1 Construction of a ceramic multilayer capacitor.
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MECHANICAL DATA

-

Ep——

MBB211
Fig.2 Component outline.
Table 1 Capacitor dimensions
L w T L./ L,
CASE SIZE 1 MIN MAX MIN MAX MIN.
(mm) (mm) . . . .
(mm) (mm) (mm) (mm) (mm)
0603 1.6 £0.1 0.8 0.1 0.7 0.9 0.25 0.65 0.4
0805 2.0 0.1 1.2510.1 0.51 1.35 0.25 0.75 0.55
1206 3.210.15 1.6 10.15 0.51 1.75 0.25 0.75 14
1210 3.21+0.2 2510.2 0.51 1.8 0.25 0.75 14
1812 4510.2 32102 0.51 1.8 0.25 0.75 2.2
2220 5.7 +0.2 5.0 0.2 0.51 1.8 0.25 0.75 29
April 1993
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CAPACITANCE SELECTION CHART FOR CLASS 1 NPO DIELECTRIC 63 VOLT SERIES

MGA352- 1
¢ |LasTTHREE 8 mm TAPE WIDTH 12 mm TAPE WIDTH
) DIGITS OF 0603 | 0805 | 1208 | 1210 1812 2220

12NC [ 0pd | NUSn | Ag/Pd| NUSn | Ag/Pd | NUSn | Ag/Pd| NUSn | Ag/Pd| NUSn | AgiPd
0.47 477 e e mma
0.56 567 st s
0.68 687 e
0.82 827 3
10 108
12 128
15 158
18 188
22 228
27 278
33 338
39 398
a7 478
58 568
6.8 688
82 828
10 109
12 129
15 159
18 189
22 229
27 279
33 339
39 399
a7 479
56 560
68 689
82 829
100 101
120 121
150 151 NN
180 181 \
220 221 NN
270 271
330 331 NN NN
390 391 /A N NN
470 47 NN
560 561 7 NN NN
680 681 < NN NN
1% ?(2); 7 ALK Ny \\\\\\\\: NN
1200 122
1500 152
1800 182 N NN
2200 222 R hihinineses
2700 272 A ..
3300 332 Y
3900 392 AT,
4700 472 NN
5600 562 AN
6800 682 NN
8200 822 NN
10000 103 NN
8 mm TAPE WIDTH 12 mm TAPE WIDTH
THICKNESS (cu)ssnncmon AMOUNT PER REEL AMOUNT PER REEL
(mm)
2180 mm 2286 mm 2 180 mm
1=051100.7 4000 10000 2000
2=08 1010 4000 10000 2000
3=051101.0 4000 10000 2000
4=08 %041 4000 10000 -
5=09 1013 3000 8000 1500
6=125% 0.1 3000 8000 -
7212 101.75 2500 7000 -
8=16 + 015 2500 7000 -

Fig.3 Selection chart for class 1 NPO dielectric 63 V with Ag/Pd and Ni/Sn terminations.

Y s

A 4

-
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CAPACITANCE SELECTION CHART FOR CLASS 1 NPO DIELECTRIC 100 VOLT SERIES

MGA354 - 1
c | wsrwo 8 mm TAPE WIDTH
(pF) DIGITS OF 0805 1206 1210
12NC ) Pd | NUSn | Ag/Pd| NUSn | Ag/Pd | NUSn
047 % | T
0.56 08
0.68 07
0.82 08
10 09
12 1
15 12
18 13
22 14
27 15
33 16
39 17
4.7 18
56 19
68 21
8.2 22
10 23
12 24
15 25
18 2
2 27
27 28
33 20
39 31
e 32
56 33
68 4
82 35
100 36
120 a7
150 38
180 39
220 P
270 42
330 43
390 “
470 45
560 4
680 47
820 48
1000 49
1200 51
1500 52
1800 53
2200 54
2700 55
3300 56
3900 57
4700 58
8 mm TAPE WIDTH
THICKNESS AMOUNT PER REEL
CLASSIFICATION
(mm) 2180 mm 2286 mm
T=0511007 3000 10000
2=08 to1.0 4000 10000
3-051101.0 4000 10000
5§=09 t013 3000 8000
6=125% 0.1 3000 8000
7=12 0175 2500 7000
8=16 015 2500 7000

Fig.4 Selection chart for class 1 NPO dielectric 100 V with Ag/Pd and Ni/Sn terminations.

April 1993
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CAPACITANCE SELECTION CHART FOR CLASS 1 N750 DIELECTRIC 63 VOLT SERIES

MGA355 - 1
LAST THREE 8 mm TAPE WIDTH
c DIGITS OF
(pF) 12NC 0805 1206
(note 1) | (note2) | Ag/Pd Ni/Sn | Ag/Pd Ni/Sn
47 095 -
5.6 097 -
6.8 099 - 8 T
8.2 102 - =
10 104 238
12 106 241
15 108 243
18 11 245
22 113 247
27 115 249
33 17 252
39 119 254
47 122 256
56 124 258
68 126 261
82 128 263
100 131 265
120 133 267
150 135 269 : %
180 137 272 3
220 139 274
270 142 276 ¢
330 144 278 : :
390 146 281 %7
470 148 283 V7
560 151 285
680 153 287
820 155 289
1000 157 292
1200 159 294
8 mm TAPE WIDTH
THICKNESS AMOUNT PER REEL
CLASSIFICATION
(mm) 2 180 mm o 286 mm
1=051100.7 4000 10000
2=08 t01.0 4000 10000
Notes:
Tolerance:
1. 0.25 pF for C<4.7 pF

0.5 pF for 6.6 pF <C<8.2pF
5% for C =10 pF

2. 10% for

Fig.5 Selection chart for class 1 N750 dielectric 63 V with Ag/Pd and Ni/Sn terminations.

C=10pF

April 1993
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CAPACITANCE SELECTION CHART FOR CLASS 2 X7R DIELECTRIC 63 VOLT SERIES

MGA353- 1
c LABT TWO 8 mm TAPE WIDTH 12 mm TAPE WIDTH
P DIGITS OF 0603 0805 1208 1210 1812 2220
12NC [ pa| NUSn | Ag/Pd | NUSn | Ag/Pd | NUSn | Ag/Pd | NUSn | Ag/pd | NUSn | Aglpd
100 01
120 02
150 03
180 04
220 05 :
270 06 R
330 07 2 g
390 08 T
470 09
560 1
680 12 %
820 13
1000 14
1200 15 :
1500 16 o
1800 17
2200 18 i TN
2700 19 NN
3300 21 NN
3900 22 NN
4700 23 : Y
5600 24 _nhhhh .. haiay
6800 25 5 s,
8200 26 i
10000 27 iy
12000 28 i B e ehiaey
15000 29 Sy .
18000 31 7 R iy
22000 32 0000 R nray
27000 33 07 i s  h nnisy
33000 34 V7707707 Y
39000 35 R e h h e e h h it
47000 36 i s i M in iy
56000 37 ISy
68000 38 TNy
82000 39 A N
100000 a A R .
120000 42 NN NN NN
150000 43 NN NN Y
180000 4 W N Y
220000 45 WA NN NN
270000 46 NN NN
330000 a7 NN N
390000 48 AN NN
470000 TR R I R D R S O NN
560000 51 NN
680000 52 N
820000 53 AN
1000000 54
8 mm TAPE WIDTH 12 mm TAPE WIDTH
THICKNESS (cu)ss«ncmou AMOUNT PER REEL AMOUNT PER REEL
mm,
2 180 mm 2 286 mm 2180 mm
1=051100.7 4000 10000 2000
2=08 t01.0 4000 10000 2000
2a=07 101.0 4000 10000 2000
3=051101.0 4000 10000 2000
4=08 % 0.1 4000 10000 -
5=09 101.3 3000 8000 1500

Fig.6 Selection chart for class 2 X7R dielectric 63 V with Ag/Pd and Ni/Sn terminations.

April 1993
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CAPACITANCE SELECTION CHART FOR CLASS 2 X7R DIELECTRIC 100 VOLT SERIES

MGA356 - 1
12 mm
8 mm
LAST TWO TAPE WIDTH Jﬁ,’ﬁ,
¢ |oGmsoF
®F 12NC 0805 1206 1210 1812
Ag/Pd Ag/Pd Ag/Pd Ag/Pd
180 13
220 14
270 15
330 16
390 17
470 18
560 19
680 21
820 22
1000 23
1200 24
1500 25
1800 26
2200 27 \\\\\\:
2700 28 M
3300 29 Ny
3900 31 N
4700 32 nminnnaay
5600 33 nimttinm N
6800 34 Y
8200 35 nitiilihunmnn
10000 36 nliimin
12000 a7 NN NN
15000 8
18000 39
22000 41
27000 42
39000 44
47000 45
56000 46
68000 a7
82000 48
100000 49
120000 51 N N
150000 52 AN
8 mm TAPE WIDTH 12 mm TAPE WIDTH
cLIglsc;:::i?ou AMOUNT PER REEL AMOUNT PER REEL
(mm) o 180mm | O 286 mm 0 180 mm
1=051t00.7 4000 10000 2000
2=08 to1.0 4000 10000 2000
2a=07 t01.0 4000 10000 2000
3=051t01.0 4000 10000 2000
5=09 1013 3000 8000 1500

Fig.7 Selection chart for class 2 X7R dielectric 100 V with Ag/Pd and Ni/Sn terminations.

2

N\
B s
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ELECTRICAL CHARACTERISTICS

Class 1 capacitors

Unless otherwise stated all electrical values apply at an ambient temperature of 20 +1 °C, an atmospheric pressure

of 86 to 106 kPa, and a relative humidity of 63 to 67%

Capacitance range (E-12 series), (note 1)
NPO dielectric
N750 dielectric

0.47 pF to 10 000 pF
4.7 pF to 1 200 pF

Tolerance on capacitance after 1 000 hours
C 210 pF

110%, 5% and +2% (note 2)

5 pF <C <10 pF +0.5 pF
C <5 pF 10.25 pF
Tan & (note 1)
C <10 pF s1.5x(-%+7)x10": (30 x 10~ max.)
C 210 pF <10 x 104
insulation resistance after 1 minute at U (DC) >100 GQ
Temperature coefficient
NPO
C <10 pF (0 £150) x 10-9/K (note 3)
C 210 pF (0 £30) x 10-¢/K (note 3)
N750
C <10 pF (-750 +250) x 10-¢/K
C 210 pF (750 £250) x 10-¢/K
Terminations Ag/Pd or Ni/Sn
Notes

1. Measured at 1V, 1 MHz for C <1 000 pF and 1V, 1 kHz for C >1 000 pF, using a four gauge method.

2. For lower tolerances see Narrow tolerance series.

3. For size 0603 in NPO all capacitance values from 0.47 pF to 150 pF have a temperature coefficient

of (0 +30) x 10-¢/K.

April 1993
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MEAS07
40
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(pPm/K) T
20 o T S
-1
s
0 —I=F=
-20
—40
-40 0 40 80 120

T ©C)

Sample limits (broken lines).
Requirement levels (dotted lines).

Fig.8 Typical temperature coefficient as a
function of temperature for NPO dielectric.

. MEA608
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Fig.9 Typical tan 3 as a function of temperature
for NPO dielectric.
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Fig.10 Typical capacitance change with respect
to the capacitance at 1 V as a function
of DC voltage for NPO, N750 dielectrics.
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HIGH FREQUENCY BEHAVIOUR OF CERAMIC MULTILAYER CAPACITORS

Ceramic multilayer capacitors
(CMC) from the high voltage series
are suitable for use at high
frequencies. At frequencies below
the series resonant frequency, the
CMC can be represented by an
equivalent circuit as shown in Fig.11.

In general, the quantities

C, ESR and L are frequency
dependent. For most applications,
C and L can be regarded as

frequency independent below 1 GHz.

The equivalent series
self-inductance L is

¢ independent of the dielectric
material

dependent on the size of the
capagcitor, it increases with
increasing length and decreases
with increasing width or thickness
of the product

the value of L is approximately
0.6 nH for size 0603,

1 nH for sizes 0805, 1206

and 1210 and approximately
1.5 nH for sizes 1812 and 2220.

Because of the induciance L,
associated with the CMC, there will
be a frequency at which the
inductive reactance will be equal to
that of the capacitor.

This is known as the series resonant
frequency (SRF) and is given

. __1
by: SRF= 2miC

At the SRF, the CMC will appear as
a small resistor. The transmission
loss through the CMC at this series
resonant frequency will be low.

Using the values of C, L (= 1 nH)
and the ESR at a specific frequency,
(f), two often used quantities can be
derived.

April 1993 .

C = capacitance.

ESR = equivalent series resistance which is determined by the energy
dissipation mechanisms (in the dielectric material as well as in the
electrodes).

L = equivalent series self-inductance.

Fig.11 Equivalent series representation of a CMC.

The impedance, Z, is given
.y 1-(2nfPLC
by: Z 2jniC + ESR

The quality factor is given
LA _1-(2rnfRLC
by: Q=3 fESAC
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Surface mounted ceramic

. X Standard series
multilayer capacitors
. MEA626 - 1 MEA627
105 103
f f
(MH2) (MHz)
104 102 S
=i ~
SINRE N
103 1 \\ ~ 10 “B\
e
~
‘\~
2 M ™
10 1
1 10 10?2 ¢ R 10° 1 10 10 ¢ @R 10°
L = 0.6 nH (dotted line).
L =1 nH (solid line). L =1 nH (solid line).
L = 1.5 nH (broken lines). L = 1.5 nH (broken lines).
Fig.12 Series resonance frequency as a Fig.13 Series resonance frequency as a
function of capacitance (pF values). function of capacitance (nF values).

The typical behaviour of 1Z| for products of
sizes 0603, 0805, 1206 and 1210 is shown in Fig. 14.

MEAG25
‘Zl‘°3 Figures 15 and 16 show the equivalent series resistance
(@) N N (ESR) as a function of capacitance class 1 dielectric,
102 e NG 1OPFITN sizes 0603, 0805 and 1206 respectively.
2 N[ 100 oF | TH J Figures 17 and 18 show the quality factor (Q) as a
10 R N N function of capacitance class 1 dielectric,
S N i sizes 0603, 0805 and 1206 respectively.
000 pF q DA
1 ™ A\
\ e
\
107! \
1072 5
! 10 f (MHz2) ?

Fig.14 Typical impedance (IZI) as a function of
frequency for class 1 dielectric capacitors,
sizes 0603 to 1210.
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Surface mounted ceramic
multilayer capacitors

Standard series

104 MEA628
ESR
(mQ)
10° Y
— 200
7 —MHz 00
T+ 50
.\[_:‘ ]~. | MH.
102
/
3
\‘
P
N
\.h.
10
3
1 10 12 ¢ o 10

Typical values (solid line).
Maximum values (broken line).
Measuring equipment HP4191A.

Fig.15 Equivalent series resistance (ESR) as a
function of capacitance for class 1 dielectric,
size 0603 and 0805.

MEAE29
104
ESR
(mQ)
0?50
200
MHz 100
U 7 WZ
=~ 50 11
= MHzH
i~
102 -
N
10
3
1 10 12 ¢ R 10

Typical values (solid line).
Maximum values (broken line).
Measuring equipment HP4191A.,

For C >1 nF, maximum value of
ESR = 80 mQ measured at 50 MHz.

Fig.16 Equivalent series resistance (ESR) as a
function of capacitance for class 1 dielectric,
size 1206.
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Product specification
Surface mounted ceramic !
: ; Standard series
multilayer capacitors :
104 MEA630 104 MEAG31
Q Q
100
10% =t 500 HiE= 200 = 50 f 10% P+ 500 1= 200 3¢ 100
- HH—MHz ~ AHz 0 - MH. MHz1=MHz i
S A il
N_ CRNEV L NI Y. CRANEH
o \\~ \ N Ry N \\ . NN N \: N :~ \\ N
10 10 .
1 10 102 ¢ op 10° 1 10 10?2 ¢ o 10°
Typical values (solid line). Typical values (solid line).
Maximum values (broken "ne)' Maximum values (broken Iine).
Measuring equipment HP4191A. Measuring equipment HP4191A.
For C >1 nF, Q,,;, = 35 measured at 50 MHz.
Fig.17 Quality factor (Q) as a function of the
capacitance for class 1 dielectric, Fig.18 Quality factor (Q) as a function of the
sizes 0603 and 0805. capacitance for class 1 dielectric, size 1206.
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Product specification

Surface mounted ceramic
multilayer capacitors

Standard series -

ELECTRICAL CHARACTERISTICS

Class 2 capacitors, X7R dielectric

Unless otherwise stated all electrical values apply at an ambient temperature of 20 +1 °C, an atmospheric pressure

of 86 to 106 kPa, and a relative humidity of 63 to 67%

Capacitance range (E-12 series), (note 1)

100 pFto 1 uF

Tolerance on capacitance after 1 000 hours

120%, +10% and 5%

Tan & (note 1)

<2.5%

Insulation resistance after 1 minute at U, (DC)

C<10nF Rys >100 GQ
C>10nF RnsxC>1000s
Maximum capacitance variation as a function of +15%
temperature (see Fig.21)
Terminations Ag/Pd or Ni/Sn

Ageing

typically, 1% per time decade

Note

1. Measured at 1V, 1 kHz using a four gauge method.

April 1993
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Product specification

Surface mounted ceramic
multilayer capacitors

Standard series

0 MLA142
Ac/C \
EREAN
-20 \\\
NN
\\\ 100 V product
- 40 \
63 V product \‘
NG
-60
I~
et 20 40 80 100
Voc V)

Fig.19 Typical capacitance change with respect
to the capacitance at 1 V as a function
of DC voitage, for X7R dielectrics at 20 °C.

tan &

(x 10~4)

200

MEAS11

-40 0 40 80 120

T (°C)

Fig.20 Typical tan 8 as a function of
temperature, for X7R dielectric.

MGA488

15
10F
ac/ic [

) _F /

0 i I~ V.

_5:
-10F
~15C

~40 0 40 80 120

T (°c)

Fig.21 Typical capacitance change as a
function of temperature, for X7R dielectric.
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U L o s S I R S SN

Surface mounted ceramic

multilayer capacitors
L e

Narrow tolerance series

FEATURES QUICK REFERENCE DATA
e Three standard sizes gated voltage Un (Z'C) 63V (IFEC) %0 oF E12 )
. ; ; apacitance range class 1, 0.47 pF to 3 300 pF (E-12 series) (note 1)
. I:gh :aza'cl:ance per u:m volume NPO dielectric
° FUD::"eh fm ape on reer i Tolerance on capacitance
« Avalabiowit AgPaananisn | OZ1OPF 0.1 F
o Available wi an n o
terminations. C 210 pF 1%
Test voltage (DC) for 1 minute | 2.5 x U
Sectional specifications IEC 384-10, second edition 1989-04
APPLICATIONS based on CECC 32 100
» Consumer electronics Detailed specification based on CECC 32 101-801
o Telecommunications Climatic category (IEC 68) 55/125/56
e Automotive
« Data processing. Note
1. Other values below 10 pF and values other than E12 are available on
DESCRIPTION request.

The capacitor consists of a
rectangular block of ceramic
dielectric in which a number of terminations
interleaved precious metal
electrodes are contained. This
structure gives rise to a high
capacitance per unit volume. The
inner electrodes are connected to
the two terminations, either by silver
palladium (Ag/Pd) alloy in the

ratio 65 : 35, or silver dipped with a
barrier layer of plated nickel and
finally covered with a layer of plated
tin (Ni/Sn). A cross section of the
structure is shown in Fig.1.

ceramic material

Fig.1 Construction of a ceramic multilayer capacitor.
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Product specification
Surface mounted ceramic .
. : Narrow toleran rie
multilayer capacitors arce. seres
MECHANICAL DATA

- —

R p=—

MmBes211

Fig.2 Component outline.

Capacitor dimensions
L W T L /L, L,
CASESIZE| ') (mm) MIN. MAX. MIN. MAX. MIN.
(mm) (mm) (mm) (mm) (mm)
0603 1.6 10.1 0.8 10.1 0.7 0.9 0.25 0.65 0.4
0805 2.010.1 | 1.25%0.1 0.51 1.35 0.25 0.75 0.55
1206 3.210.15 | 1.610.15 0.51 1.75 0.25 0.75 1.4
April 1993
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Product specification

Surface mounted ceramic
multilayer capacitors

Narrow tolerance series

CAPACITANCE SELECTION CHART FOR NARROW TOLERANCE SERIES NPO

MGA450- 1
c LAST THREE 8 mm TAPE WIDTH
on | PN 0603 0805 1206
56
3 2
10 Ao —
12 A
1.5 m s
1.8
22 -
2.7
30 =
3.9
47
56
6.8
8.2
10
12
15
18
22
27
33
39
47
56
68
82
100
120
150
180
220
270
330 %
390 e
470 700
560 561 770
680 681
820 821
7000 102
1200 122
1500 152
1800 182
2200 222
2700 272
3300 332
8 mm TAPE WIDTH
THICKNESS AMOUNT PER REEL
CLASSIFICATION
(mm) 2 180 mm 22686 mm
120511007 4000 10000
2=08 101.0 4000 10000
4=08 * 0.1 4000 10000
5=09 to13 3000 8000
6=1.25+ 0.1 3000 8000
8=16 * 0.15 2500 7000

Fig.3 Selection chart for 63 volt narrow tolerance series NPO with Ag/Pd and Ni/Sn terminations.

April 1993
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Philips Components Product specification

Surface mounted ceramic

. . Narr | i
multilayer capacitors ow lolerance series

ELECTRICAL CHARACTERISTICS

Class 1 capacitors, NPO dielectric
Unless otherwise stated all electrical values apply at an ambient temperature of 20 +1 °C, an atmospheric pressure
of 86 to 106 kPa, and a relative humidity of 63 to 67%

Capacitance range (E-12 series), (note 1) 0.47 pF to 3 300 pF
Tolerance on capacitance after 1 000 hours
C <10 pF 0.1 pF
C 210 pF +1%
Tan § (note 1)
C <10pF s1.5x(%)-+7)x10-‘; (30 x 10+ max.)
C 210 pF <10 x 10
Insulation resistance after 1 minute at Ug (DC) >100 GQ
Temperature coefficient
0.47 pF < C <5 pF 0150 x 10¢/K
5 pF< C<10pF 01150 x 108K
C 210 pF 0130 x 109K
Terminations Ag/Pd or Ni/Sn
High frequency properties for ESR values see Figs 10 and 11
Note

1. Measured at 1V, 1 MHz using a four gauge method.
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Surface mounted ceramic

: X Narrow tolerance series
multilayer capacitors

MEA607 MEA608
10

40 tan §
TC. (x10-4)
k) T

B

-20

25

-40 0 40 80 120 -40 0 40 80 120
T €0) T (°c)

Sample limits (broken lines).
Requirement levels (dotted lines).

Fig.4 Typical temperature coefficient as a Fig.5 Typical tan 3 as a function of temperature
function of temperature for NPO dielectric. for NPO dielectric.

MEA614

15

TTTT

10
Ac/C
(%)

TTTT

TTYTT [ TT1T1T

J
w

i
-
o

1
-
(4]

© T

10 20 30 40 50
Voc V)

Fig.6 Typical capacitance change with respect
to the capacitance at 1 V as a function of DC
voltage for NPO dielectric.
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Surface mounted ceramic .
Narrow tolerance series

multilayer capacitors

HIGH FREQUENCY BEHAVIOUR OF NARROW TOLERANCE CMC’s OF CLASS 1, NPO DIELECTRIC

Ceramic multilayer capacitors
(CMC) from the narrow tolerance
series are suitable for use at high
frequencies. At frequencies below
the series resonant frequency, the
CMC can be represented by an
equivalent circuit as shown in Fig.7.

In general, the quantities

C, ESR and L are frequency
dependent. For most applications,
C and L can be regarded as

frequency independent below 1 GHz.

The equivalent series
self-inductance L is

* independent of the dielectric
material

o dependent on the size of the
capacitor and is approximately
0.6 nH for size 0603,
1 nH for sizes 0805 and 1206
(these figures are accurate to
within £20%).

Because of the inductance L,
associated with the CMC, there will
be a frequency at which the
inductive reactance will be equal to
that of the capacitor.

This is known as the series resonant
frequency (SRF) (see Figs 8 and 9)

and is given by: SRF= mEE

At the SRF, the CMC will appear as
a small resistor. The transmission
loss through the CMC at this series
resonant frequency will be low.

Using the values of C, L (=1 nH)
and the ESR (see Figs 11 and 12) at
a specific frequency, (f), two often
used quantities can be derived.

April 1993

C = capacitance.

ESR = equivalent series resistance which is determined by the energy
dissipation mechanisms (in the dielectric material as well as in the
electrodes).

L = equivalent series self-inductance.

Fig.7 Equivalent series representation of a CMC.

The impedance, Z, is given

. y_1-(2nfPLC
by: Z 2/niC + ESR
(see Fig.10).

The quality factor is given

o H-(2nfpLCl
by: Q=3 TESRC
(see Figs 13 and 14).
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Product specification

Surface mounted ceramic
multilayer capacitors

Narrow tolerance series

MLA999
105 ¥
f
(MHz)
10*
|
10° :
e
102
3
1 10 1? ¢ @ep 10

L = 0.6 nH (dotted line).
L =1 nH (solid line).

Fig.8 Series resonant frequency as a function of
capacitance (pF value).

108 MEA627
f
(MHz)

RN

102 i
——
N
NN

” TSN

1 3

1 10 10 ¢ () 10

L =0.6 nH (solid line).
L =1 nH (broken line).

Fig.9 Series resonant frequency as a function of
capacitance (nF value).

103
7]
(@ ™ !
102 BN N 10 pF 1IN
N 100 "N N
10 S N N
Y
mop?‘ N A
1 D A A
= H
\
10~ \
102
1 10 10?
f (MH2)

Fig.10 Typical impedance (IZl) as a function of
frequency for sizes 0603 and 1206.

April 1993

Figures 11 and 12 show the equivalent series resistance
(ESR) as a function of capacitance, class 1 dielectric,
sizes 0603, 0805 and 1206 respectively.

Figures 13 and 14 show the quality factor (Q) as a
function of capacitance, class 1 dielectric,
sizes 0603, 0805 and 1206 respectively.
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Product specification

Surface mounted ceramic

) X Narrow tolerance series
multilayer capacitors
104 MEA628 104 MEA629
ESR ESR
(mQ) (mQ)
108 s‘fz 108 iz
200 = 200 i
HiE e iy s
\‘\_\2:_ || T .‘L\.. MHzH
102 . 102 =
~ :
= ]
N
N
"y 10 10?2 ¢ e 10° ", 10 10?2 ¢ op 10°

Typical values (solid line).
Maximum values (broken line).
Measuring equipment HP4191A.

Fig.11 Equivalent series resistance (ESR) as a
function of capacitance for sizes 0603 and 0805.

Typical values (solid line).
Maximum values (broken line).
Measuring equipment HP4191A.

For C >1 nF, maximum value of
ESR = 80 mQ measured at 50 MHz.

Fig.12 Equivalent series resistance (ESR) as a
function of capacitance for size 1206.

Typical values (solid line).
Maximum values (broken line).
Measuring equipment HP4191A.

Fig.13 Quality factor (Q) as a function of
capacitance for sizes 0603 and 0805.

MEA630 MEA631
104 104
Q Q
100
10% I 500 Frii= 200 1M 50 10% B+ 500 FHH= 200 £ 100
~ AH. MHz e AHz 11 N H; MHz1IIMHz
T T — 5
X X el
N ~ \l h Y N N l h N N \l \: q ‘\
NN ~N Jd NN \ SN N R \‘ ‘NN U
102 3 N 102 3 N N N
10 10
1 10 102 10° 1 10 102 10°
C (pF) C (pF)

Typical values (solid line).

Maximum values (broken line).

Measuring equipment HP4191A.

For C >1 nF, Q,,,, = 35 measured at 50 MHz.

Fig.14 Quality factor (Q) as a function of
capacitance for size 1206.
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Product specification

Surface mounted ceramic

multilayer capacitors

Microwave series

FEATURES

o Low insertion loss/ESR up to
3 GHz
1%t parallel resonance above
2 GHz
2 parallel resonance above
3 GHz

Small dimensions

0603, 0805 and 1206 available
High reliability

Standard tolerance on
capacitance

+10%, 5%, +2% and +1%

¢ Available with Ag/Pd and Ni/Sn
terminations

o Suitable for reflow and wave
soldering

S-parameter data available on
floppy disk.

APPLICATIONS

¢ Mobile telephones
o Satellite television
e Instrumentation.

DESCRIPIIUN

The capacitor consists of a
rectangular block of ceramic
dielectric in which a number of
interleaved precious metal
electrodes are contained. This
structure gives rise to a high
capacitance per unit volume. The
inner electrodes are connected to
the two terminations, either by silver
palladium (Ag/Pd) alloy in the ratio
65 : 35, or silver dipped with a
barrier layer of plated nickel and
finally covered with a layer of plated
tin (Ni/Sn). A cross section of the
structure is shown in Fig.1.

April 1993

QUICK REFERENCE DATA
Rated voltage U, (DC) 63 V (IEC)
Capacitance range class 1,
NPO dielectric
size 0603 0.47 pF to 47 pF (E-12 series) (note 1)
size 0805 0.47 pF to 82 pF (E-12 series) (note 1)
size 1206 0.47 pF to 120 pF (E-12 series) (note 1)
Tolerance on capacitance
C 210 pF +10%, 5%, 2% and £1%
5 pF <C <10 pF +0.5 pF, £0.25 pF and £0.1 pF
C <5pF +0.25 pF and +0.1 pF
Test voltage (DC) for 1 minute 2.5x Uy
Insulation resistance, >100 GQ
after 60 s at Uy (DC)
Sectional specifications IEC 384-10, second edition 1989-04
based on CECC 32 100
Detailed specification based on CECC 32 101-801
Climatic category (IEC 68) 55/125/56
Note

1. Non E-12 values are available on request.

terminations

,_.,__._/\____

ceramic material

Fig.1 Construction of a ceramic multilayer capacitor.
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Product specification

Surface mounted ceramic
multilayer capacitors

Microwave series

MECHANICAL DATA

-

<
o

Fig.2 Component outline.

Table 1 Capacitor dimensions

L w T L/Ls L,
CASE SIZE 1 MIN MAX MIN MAX MIN.
(mm) (mm) . . . .
(mm) (mm) (mm) (mm) (mm)
0603 1.6 0.1 0.8 +0.1 0.7 0.9 0.25 0.65 0.4
0805 2.010.1 1.25 0.1 0.51 1.35 0.25 0.75 0.55
1206 3.2 10.15 1.6 10.15 0.51 1.75 0.25 0.75 1.4
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Surface mounted ceramic

multilayer capacitors

Microwave series

CAPACITANCE SELECTION CHART FOR MICROWAVE SERIES

MGA357
. AsTTWO 8 mm TAPE WIDTH
DIGITS OF 0603 0805 1206
(pF) 12NC
0.47 05 !
0.56 06
0.68 07 4
0.82 08
1.0 09
12 11
15 12
18 13
22 14
27 15
33 16
39 17
47 18
56 19
6.8 21
82 22
10 23
12 24
15 25
18 26
22 27
27 28
33 29
39 31
47 32
56 33
8 34
82 35
100 36
120 a7
8 mm TAPE WIDTH
THICKNESS AMOUNT PER REEL
CLASSIFICATION
(mm) 2 180 mm 2 286 mm
120511007 4000 10000
4=08+0.1 4000 10000

Fig.3 Selection chart for 63 volt class 1 NPO dielectric.
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Product specification

Surface mounted ceramic
multilayer capacitors

Microwave series

ELECTRICAL CHARACTERISTICS

Unless otherwise stated all electrical values apply at an ambient temperature of 20 £1 °C, an atmospheric pressure

of 86 to 106 kPa, and a relative humidity of 63 to 67%

Capacitance range (E-12 series),

NPO dielectric (note 1)
size 0603 0.47 pF to 47 pF
size 0805 0.47 pF to 82 pF
size 1206 0.47 pF to 120 pF
Tolerance on capacitance
C 210 pF +10%, 5%, ¥2% and +1%
5 pF <C <10 pF 10.5 pF, £0.25 pF and 0.1 pF
C <5 pF +0.25 pF and +0.1 pF

Tan & (note 1)

C <10 pF s1.5x(-’%9+7)x1o4; (30 x 10~ max.)
C 210 pF <10x 10+
Temperature coefficient (note 2)
0.47 pF < C <5 pF 01150 x 108K
5 pF <C <10 pF 014150 x 108K
C 210 pF 0130 x 10-¢/K
High frequency properties for ESR values see Figs 9, 10 and 11. The first parallel
resonance frequency in the S,, and S,, scattering
parameter lies above 2 GHz and the second resonance
above 3 GHz
Notes

1. Measured at 1V, 1 MHz using a four gauge method.

2. For size 0603 all capacitance values from 0.47 pF to 47 pF have a temperature coefficient of 0 +30 x 10-3/K.
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Surface mounted ceramic

: : Micr i
multilayer capacitors crowave series

MEA607 MEA608
10

40 tan 8
TC. (x10-4)
i IR ISR ISR Y NS S JRN PR B B
(PPrVK) B 1L 75
20 s =

25

-40 0 a0 80 120 -40 [ 40 80 120
T (°C) T (°C)

Sample limits (broken lines).
Requirement levels (dotted lines).

Fig.4 Typical temperature coefficient as a Fig.5 Typicaltan das a f'unctio'n of temperature
function of temperature for NPO dielectric. for NPO dielectric.

MEA614

15

10
AC/C
(%)

TTTT

TTTT

TTTT

10 20 30 40 50
Vpoc V)

Fig.6 Typical capacitance change with respect
to the capacitance at 1V as a function of DC
voltage for NPO dielectric.
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Surface mounted ceramic

multilayer capacitors

Microwave series

MICROWAVE BEHAVIOUR OF CERAMIC MULTILAYER CAPACITORS

Ceramic multilayer capacitors
(CMC) from the microwave series
are suitable for use at high
frequencies. At frequencies below
the series resonant frequency, the
CMC can be represented by an
equivalent circuit as shown in Fig.7.

In general, the quantities

C, ESR and L are frequency
dependent. For most applications,
C and L can be regarded as

frequency independent below 1 GHz.

The equivalent series
self-inductance L is

» independent of the dielectric
material

dependent on the size of the
capacitor and is approximately
0.6 nH for size 0603,

1 nH for sizes 0805 and 1206
(these figures are accurate to
within £20%).

Because of the inductance L,
associated with the CMC, there will
be a frequency at which the
inductive reactance will be equal to
that of the capacitor.

This is known as the series resonant
frequency (SRF) and is given

1
by: SRF = m

At the SRF, the CMC will appear as
a small resistor. The transmission
loss through the CMC at this series
resonant frequency will be low.

Using the values of C, L (= 1 nH)
and the ESR (see Figs 9, 10 and 11)
at a specific frequency, (f), two often
used quantities can be derived.

April 1993

C = capacitance.

ESR = equivalent series resistance which is determined by the energy
dissipation mechanisms (in the dielectric material as well as in the
electrodes).

L = equivalent series self-inductance.

Fig.7 Equivalent series representation of a CMC.

The impedance, Z, is given
.y 1-(2nfyLC
by: Z 2)nf + ESR

C
The quality factor is given
LA _-(2rfrLa
by Q=5 fESRC
42
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Surface mounted ceramic : .
. . Microwave serie
multilayer capacitors S
104 MLAG22 10‘ MBC393
NI S
(M:-Iz) Sy (?nc?)
RS e b e
10° = 10° ) £ =
Al
\ h
102 102 SR
10 3 10 3
1 10 102 C (oF) 10 1 10 102 C ©F) 10

Typical values (solid line).
Maximum values (broken line).
Sizes 0805 and 1206 (solid line). Measuring equipment HP4191A.
Size 0603 (broken line).

Fig.9 Equivalent series resistance (ESR) as a

Fig.8 Series resonance frequency as a function function of capacitance for NPO dielectric,

of capacitance. sizes 0603 and 0805.
MBC389 MBC388 - 1

104 104
ESR ESR
(mQ) (mQ)

L 500
MHz
10° 108
— 200
¥ FH—MHz 11400
=Mz ~
A -
¢ N
102 2 102
50
MHz
10 10
2 3 3

' 1 .10 ' 1% 6o 1° 1 10 10% con 1
Typical values (solid line).
Maximum values (broken line). Sizes 0805 and 1206 (solid line).
Measuring equipment HP4191A. Size 0603 (broken line).

Measuring equipment HP4191A.
Fig.10 Equivalent series resistance (ESR) as a
function of capacitance for NPO dielectric, Fig.11 Typical ESR values at 1 GHz as a
size 1206. function of the capacitance value.
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MBC392
104
Q
5001l 200 {1100
MHz MH; MHZz
103 N /
N
~T 7 NN
h < \. ~ N N
102 2
10
1 10 102 10%
C (pF)

Typical values (solid line).
Minimum values (broken line).
Measuring equipment HP4191A.

Fig.12 Quality factor (Q) as a function of the
capacitance for NPO dielectric,
sizes 0603 and 0805.

04 MBC391
1
Q
50011l 200 1{1100_1 | 50 LIl
MHz MH2 MHz MHz
10% B £
N\ L
Z
I N
- .
LR 3 NN NI
N Q ~ <
A S N N N
102 a i
10
1 10 102 10%
C (pF)

Typical values (solid line).
Minimum values (broken line).
Measuring equipment HP4191A.

Fig.13 Quality factor (Q) as a function of the
capacitance for NPO dielectric, size 1206.
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multilayer capacitors

Microwave series

The frequency region above the
SRF is difficult to model using
lumped elements and should be
described in terms of a network of
transmission lines. The behaviour of
the CMC in this frequency region
can be best described in terms of
scattering or "s" parameters.
Knowing these parameters, one can
predict the response of a network
accurately. There are four scattering
parameters for a two-port network:
Si1, Si2 Sz and S,,.

S,, is the reflection coefficient at
the input port with the output port
terminated in a 50 Q load.

S,, is the reverse transmission
coefficient in a 50 Q system.

S,, is the forward transmission
coefficient in a 50 Q system.

S,, is the reflection coefficient at
the output port with the input port
terminated into a 50 Q load.

When comparing the insertion loss
(i.e. S,,) of a CMC at high
frequencies with that of an ideal
capacitor, parallel resonances above
the SRF are observed. In series or
shunt connections parallel
resonances are usually detrimental
to the operation of the circuit. They
may be the cause of unacceptable
insertion loss or parasitic oscillations
of amplifiers. For the microwave
series, we specify that the first
parallel resonance lies above 2 GHz
and the second above 3 GHz. ltis
found that the typical insertion loss
in the first resonance is more than

a factor 5 smaller than in the second
resonance.

The high frequency behaviour of our
CMC'’s is measured in a strip line
configuration as shown in Fig.14
using a test fixture with the following
features:

e microstrip structure
(dielectric: Al,Og;
thickness: 0.635 mm)

» suitable for the TRL calibration
method

o de-embedding for the
low-frequency range
(up to 3 GHz).

The measurements are carried out
using the HP 8510B network
analyzer.

air

CMC

I

MBC395

Substrate permittivity (g,) = 9.8
Substrate thickness = 0.635 mm.

|
substrate

Fig.14 Microwave behaviour measured using a microstrip.
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Product specification
Surface mounted ceramic . .
: ; Microwave series
multilayer capacitors
10 - MBC390- 1 e o = MRA4S2 - 1
N
0805 loss \/—\ TN
. T st ’ “ 1 I\
(GHz) MUY 51 [T de0s @) o5 ||t /
M A b :q: 4 J
7 ‘\ 1
1206 \F:::.. 1
= second
15
! 1 10 102 10° 20 2 4 6 8 10
C ©F) f (GHz)
First resonance (solid line).
Second resonance (broken line).
Fig.15 Typical first and second paralilel Fig.16 Example of the insertion loss as a
resonance frequencies as a function of function of frequency showing the paraliel
capacitance for case sizes 0603, 0805 and 1206. resonances.
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Surface mounted ceramic ;
multilayer capacitors X7R 25 volt series

FEATURES QUICK REFERENCE DATA
« Three standard sizes Rated voltage U, (DC) 25V (IEC)
« High capacitance per unit volume Capacitance range class 2, 10 nF to 220 nF (E-12 series) (note 1)
L X7R dielectric
¢ Supplied in tape on reel o = o T10% o 15
« Available with Ag/Pd and Ni/Sn olerance on capacitance £20%, £10% and £5%
terminations. Test voltage (DC) for 1 minute | 2.5x Uy

Sectional specifications IEC 384-10, second edition 1989-04
APPLICATIONS based on CECC 32 100

Detailed specification based on CECC 32 101-801
» Consumer electronics Climatic category (IEC 68) 55/125/56
o Telecommunications
¢ Automotive Note
¢ Data processing. 1. Non E-12 values are available on request.
DESCRIPTION

terminations

The capacitor consists of a
rectangular block of ceramic
dielectric in which a number of
interleaved precious metal
electrodes are contained. This
structure gives rise to a high
capacitance per unit volume. The
inner electrodes are connected to
the two terminations, either by silver
palladium (Ag/Pd) alloy in the

ratio 65 : 35, or silver dipped with a
barrier layer of plated nickel and
finally covered with a layer of plated
tin (Ni/Sn). A cross section of the
structure is shown in Fig.1.

ceramic material

Fig.1 Construction of a ceramic multilayer capacitor.
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Surface mounted ceramic

multilayer capacitors

Product specification

X7R 25 volt series
MECHANICAL DATA
1 e
T w
{
o! Lo L— La ——I L3 "
b Ly >l
Fig.2 Component outline.
Table 1 Capacitor dimensions
W L /L L,
CASESIZE|  1'm) (mm) MIN. MAX. MIN. MAX. MIN.
(mm) (mm) (mm) (mm) (mm)
0603 1.6 +0.1 0.810.1 0.7 0.9 0.25 0.65 0.4
0805 2.0+0.1 1.25+0.1 0.51 1.35 0.25 0.75 0.55
1206 3.2140.15 1.6 10.15 0.51 1.756 0.25 0.75 1.4
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Product specification

Surface mounted ceramic

multilayer capacitors

X7R 25 volt series

CAPACITANCE SELECTION CHART FOR X7R 25 VOLT SERIES

MGA449 - 1
. LAST TWO 8 mm TAPE WIDTH
(nF) DIGITS OF 0603 0805 1206
12 NC
Ni/sn Ag/Pd Ni/sn Ag/Pd Ni/Sn
10 36
12 37
15 38
18 39
22 41
27 42
33 43
39 44
a7 s V/////// ///////
56 4 0772,
68 a7 7/
&2 s 70077777
100 49 S e
120 51
150 52
180 53
220 54
8 mm TAPE WIDTH
THICKNESS AMOUNT PER REEL
CLASSIFICATION
(mm) 180 mm @ 286mm
1=0.51t00.7 4000 10000
2=08 to1.0 4000 10000
2a=07 t0 1.0 4000 10000
4=0810.1 4000 10000
6=1.25+01 3000 8000

Fig.3 Selection chart for X7R 25 volt series with Ag/Pd and Ni/Sn terminations.

2a
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Philips Components Product specification

Surface mounted ceramic _
multilayer capacitors X7R 25 volt series

ELECTRICAL CHARACTERISTICS

Class 2 capacitors, X7R dielectric
Unless otherwise stated all electrical values apply at an ambient temperature of 20 +1 °C, an atmospheric pressure of
86 to 106 kPa, and a relative humidity of 63 to 67%

Capacitance range (E-12 series), (note 1) 10 nF to 220 nF

Tolerance on capacitance after 1 000 hours +20%, +10% and +5%

Tan 3 (note 1) <2.5%

Insulation resistance after 1 minute at 25 V (DC) Rpns xC >1000s

Maximum capacitance variation as a function of +15%

temperature (see Fig.4)

Terminations Ag/Pd or Ni/Sn (note 2)
Ageing typically, 1% per time decade
Notes

1. Measured at 1V, 1 kHz using a four gauge method.
2. Size 0603 only available with Ni/Sn terminations.
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Philips Components Product specification

Surface mounted ceramic

) : X7R 25 volt series
multilayer capacitors
15 MGA4ss 600 MEAS11
C tan 8
scic E (1074
N = 400
0 r s Y _— A \‘
-5F 200
- \
- NN
-10 —
- 1~
15 C 0
-40 0 20 80 120 —40 0 40 80 120
T 0 T (°0)
Fig.4 Typical capacitance change as a function
of temperature. Fig.5 Typical tan § as a function of temperature.

»

MGA448 - 1

AC/C' \\

(%)

10 \

25
0 10
Voc V)

Fig.6 Typical capacitance change with respect
to the capacitance at 1 V as a function of
DC voltage at 20 °C.
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Philips Components Product specification

Surface mounted ceramic

multilayer capacitors High voltage serles

FEATURES

o Four standard sizes
« High capacitance per unit volume
¢ Supplied in tape on reel

e Available with Ag/Pd and N/Sn
terminations.

APPLICATIONS

* Consumer electronics
o Lighting

e Automotive

o Telecommunications.

DESCRIPTION

The capacitor consists of a
rectangular block of ceramic
dielectric in which a number of
interleaved precious metal
electrodes are contained. This
structure gives rise to a high
capacitance per unit volume. The
inner electrodes are connected to
the two terminations, either by silver
palladium (Ag/Pd) alloy in the

ratio 65 : 35, or silver dipped with a
barrier layer of plated nickel and
finally covered with a layer of plated
tin (Ni/Sn). A cross section of the
structure is shown in Fig.1.

April 1993

QUICK REFERENCE DATA

Rated voltage U, (DC)

200 V (IEC)

Capacitance range class 1,

NPO dielectric 10 pF to 1.5 nF (E-12 series) (note 1)
Capacitance range class 2,

X7R dielectric 180 pF to 100 nF (E-12 series) (note 1)
Tolerance on capacitance

NPO dielectric +10%, +5% and 2% (note 2)

X7R dielectric +20%, +10% and £5%

Test voltage (DC) for 1 minute

3xUp

Sectional specifications

IEC 384-10, second edition 1989-04
based on CECC 32 100

Detailed specification

based on CECC 32 101-801

Climatic category (IEC 68)

NPO dielectric 55/125/56
X7R dielectric 55/125/56
Notes

1. Non E-12 values are available on request.

2. 11% available on request.

terminations

AN

=

MBB609

ceramic material

Fig.1 Construction of a ceramic multilayer capacitor.
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Philips Components

Product specification

Surface mounted ceramic

multilayer capacitors

High voltage series

MECHANICAL DATA

- —

R

MBB211

Fig.2 Component outline.

Table 1 Capacitor dimensions

L - T L /L, L,
CASESIZE| ') (mm) MIN. MAX. MIN. MAX. MIN.
(mm) (mm) (mm) (mm) (mm)
0805 20401 | 1.250.1 0.8 1.35 0.25 0.75 0.55
1206 | 3210.15 | 1.640.15 0.8 1.75 0.25 0.75 1.4
1210 32102 | 25302 0.8 1.8 0.25 0.75 1.4
1812 45102 | 32102 0.8 18 0.25 0.75 22
April 1993
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Philips Components Product specification

Surface mounted ceramic

multilayer capacitors High voltage series

CAPACITANCE SELECTION CHART FOR HIGH VOLTAGE SERIES NPO

¢ LAST TWO 8 mm TAPE WIDTH TAF": Sfém
(pF) D'?;T::F 0805 1206 1210 1812
Ag/Pd | NUSn | AgPd | Nusn | Ag/pd | Nisn | AgPd | Nusn
10 2w 0007 7 2
12 U a0
15 25 LA A/ B s
18 7/ A
22 27 70000000000 KKK s
2 28 A A e
33 29 7
39 31 A A A
a7 X7/ A A B s
56 W77 A A4 A,
68 M 7772/ A A
82 35 />/>>\/\/> r/////// WWV/ //AV///// Z
100 36 ’{{»{( RS 000000007
120 IS S99 IS A A
150 I 20U RRRIAA AL A A
180 39 000000
220 41 000040
270 42 000000040
330 43 Y ///////////A////A
390 44 K T 000000
a70 45 X B
560 46 S A
680 47 K 770
820 48 B K 70000
1000 49 Y
1200 51 s %
1500 52
8 mm TAPE WIDTH 12 mm TAPE WIDTH
THICKNESS AMOUNT PER REEL AMOUNT PER REEL
CLASSIFICATION
(mm) 2 180 mm o 286 mm @ 180 mm
2=0.80 10 1.00 4000 10000 2000
5=0.90 to 1.30 3000 8000 1500
6=125*0.10 3000 8000 -
7=120101.75 2500 7000 -
8=160+0.15 2500 7000

Fig.3 Selection chart for high voltage series NPO with Ag/Pd and Ni/Sn terminations.
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Surface mounted ceramic

multilayer capacitors High voltage series

CAPACITANCE SELECTION CHART FOR HIGH VOLTAGE SERIES X7R

MGA455 - 1
c LAST TWO 8 mm TAPE WIDTH m:: WIDTH
(pF) D'?;Tscw 0805 1206 1210 1812
Ag/Pd | NUSn | Ag/pd | NiSn | Ag/Pd | Ni'sn | Ag/Pd | Nisn

180 18 7700 2
220 “w_ 007

270 (7777, s
330 6 Y7700

390 7 00 8
470 8 000

%

560 L7/, 74/,
680 G777/ /4 7
820 2 0 0
1000 B Y00

1200 LI 7/ A A
1500 B 00
1800 EI 777, /4 /4. 244
2200 L7/ /4 A 4
2700 B A 00000
3300 M7/ A4 A A
3900 XN 777 200/ /447247,
4700 YR 22022222228 A AL A %7

5600 XN SRR AP A/ Z,
6800 ¥ R 0000 7000
8200 35 00 200022
10000 36 AT A 4 A
12000 a7 00 0000
15000 38 0 00720 0
18000 39 R BRI 7700707700007
22000 41 SRR/ 000
27000 42 Y 00000
33000 43 Y77
39000 44 % 7%
47000 45 v, 7
56000 46 v 7
68000 47 R
82000 48 2 : o
100000 49 )
8 mm TAPE WIDTH 12 mm TAPE WIDTH
THICKNESS AMOUNT PER REEL AMOUNT PER REEL
CLASSIFICATION
(mm) o 180 mm 2 286 mm 2 180 mm
2=0.8001.00 4000 10000 2000
5=0.90101.30 3000 8000 1500
6=1.25£0.10 3000 8000 -
7=1.20101.75 2500 7000 -

Fig.4 Selection chart for high voltage series X7R with Ag/Pd and Ni/Sn terminations.
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Philips Components Product specification

Surface mounted ceramic

multilayer capacitors High voltage series

ELECTRICAL CHARACTERISTICS

Class 1 capacitors, NPO dielectric
Unless otherwise stated all electrical values apply at an ambient temperature of 20 +1 °C, an atmospheric pressure
of 86 to 106 kPa, and a relative humidity of 63 to 67%

Capacitance range (E-12 series), (note 1) 10pFto1.5nF

Tolerance on capacitance after 1 000 hours +10%, £5% and +2% (note 2)
Tan & (note 1) <10x 104

Insulation resistance after 1 minute at Uy (DC) Ry >100 GQ

Temperature coefficient (0 £30) x 10-¢/K
Terminations Ag/Pd or Ni/Sn
Notes

1. Measured at 1V, 1 MHz for C <1 000 pF and 1V, 1 kHz for C >1 000 pF, using a four gauge method.
2. +1% available on request.
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Surface mounted ceramic

multilayer capacitors High voltage series

MEAB07 MEAS08
10

40 tan 8
T.C. (x10-4)
epm/K) FTETETTTTIT T T T
20 = =

25

-40

40 0 0 80 120 -40 0 0 80 120
T €C) T 0

Sample limits (broken lines).
Requirement levels (dotted lines).

Fig.5 Typical temperature coefficient as a Fig.6 Typical tan § as a function of temperature
function of temperature for NPO dielectrics. for NPO dielectric.

MGA457

AC/C
(%)

0.5

-05

Voc V)

Fig.7 Typical capacitance change with respect
to the capacitance at 1 V as a function of DC
voltage for NPO dielectric.
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Surface mounted ceramic High voltage series

multilayer capacitors

HIGH FREQUENCY BEHAVIOUR OF HIGH VOLTAGE CMCs OF CLASS 1, NPO DIELECTRIC

Ceramic multilayer capacitors
(CMC) from the high voltage series
are suitable for use at high
frequencies. At frequencies below
the series resonant frequency, the
CMC can be represented by an
equivalent circuit as shown in Fig.8.

In general, the quantities

C, ESR and L are frequency
dependent. For most applications,
C and L can be regarded as

frequency independent below 1 GHz.

The equivalent series
self-inductance L is

» independent of the dielectric
material

¢ dependent on the size of the
capacitor and is approximately
1 nH for sizes 0805 and 1206
(this figure is accurate to within
+20%).

Because of the inductance L,
associated with the CMC, there will

be a frequency at which the
inductive reactance will be equal to
that of the capacitor.

This is known as the series resonant
frequency (SRF) and is given

. I

At the SRF, the CMC will appear as
a small resistor. The transmission
loss through the CMC at this series
resonant frequency will be low.

Using the values of C, L (= 1 nH)
and the ESR (see Figs 9 and 10) at
a specific frequency, (f), two often
used quantities can be derived.

April 1993

C = capacitance.

ESR = equivalent series resistance which is determined by the energy
dissipation mechanisms (in the dielectric material as well as in the
electrodes).

L = equivalent series self-inductance.

Fig.8 Equivalent series representation of a CMC.

The impedance, Z, is given
L, 1-(2nfRlC

by: Z= st ESR

The quality factor is given

o Nn-(2nfeLa
by: Q="3 7 FESAC



Philips Components Product specification

Surface mounted ceramic High voltage series

multilayer capacitors
500 MGA458 500 MGALSE
ESR ESR
Q
™D 300 ™D 300
200 — 200 3 —
[10E T 47 pF B O
47pF ___|---T LI (PR S
- ooz = nep==" /
100 — i i 100 et
100 pF [ o= P AL —
34 =pot” '/' S 1OODF ”’
50 - —{=r=""150 pF 50 =470 pF
—1 —+
30 30
20 20
10 10
50 100 200 300 500 50 100 200 300 500
f (MHz) f (MHz)
Fig.9 Typical equivalent series resistance as a Fig.10 Typical equivalent series resistance as a
function of frequency for class 1, NPO dielectric, function of frequency for class 1, NPO dielectric,
size 0805. size 1206.
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Product specification

Surface mounted ceramic
multilayer capacitors

High voltage series

ELECTRICAL CHARACTERISTICS

Ciass 2 capacitors, X7R dielectric

Unless otherwise stated all electrical values apply at an ambient temperature of 20 +1 °C, an atmospheric pressure

of 86 to 106 kPa, and a relative humidity of 63 to 67%

Capacitance range (E-12 series), (note 1)

180 pF to 100 nF

Tolerance on capacitance after 1 000 hours

120%, £10% and 5%

Tan & (note 1)

<2.5%

Insulation resistance after 1 minute at U, (DC)

C<10nF Rps >100 GQ
C>10nF Rys X C>1000s
Maximum capacitance variation as a function of +15%
temperature (see Fig.11)
Terminations Ag/Pd or Ni/Sn
Ageing typically, 1% per time decade
Note

1. Measured at 1V, 1 kHz using a four gauge method.

April 1993
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Product specification

Surface mounted ceramic

High voltage series

multilayer capacitors
15 - MGAdes 600 MEA611
- tan 8
acic F x1074)
™ s - 4 400
0 - N — A AN
- \\
-5 200
o NS
C N
-10 P
r T~
-5 0
-40 [ 40 80 120 -40 [ 40 80 120
T (%) T (°c)

Fig.11 Typical capacitance change as a function
of temperature for X7R dielectric.

Fig.12 Typical tan § as a function of
temperature for X7R dielectric.

MGA446 - 1
0
AC/C N
(%)
20 \\
40 N
60 \‘\
80
100
0 50 100 150 200
Voo V)

Fig.13 Typical capacitance change with respect
to the capacitance at 1 V as a function
of DC voltage at 20 °C for X7R dielectric.
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Philips Components

Surface mounted ceramic

multilayer capacitors

FEATURES

Six standard sizes

Dense dielectric layers
Maximum capacitance per unit
volume

Supplied in tape on reel or in
boxes

Available with Ag/Pd and Ni/Sn
terminations.

APPLICATIONS

e Professional electronics

¢ High density consumer
electronics

o Automotive.

DESCRIPTION

The ceramic multilayer capacitor
consists of a rectangular block of
ceramic dielectric in which a number
of interleaved precious metal
electrodes are contained. This
structure gives rise to a high
capacitance per unit volume. The
inner electrodes are connected to
the two terminations, either by silver
palladium (Ag/Pd) alloy in the ratio
65 : 35, or silver dipped with a
barrier layer of plated nickel and
finally covered with a layer of plated
tin (Ni/Sn). A cross section of the
structure is shown in Fig.1.

April 1993

Product specification

Compact series

QUICK REFERENCE DATA
Rated voltage U, (DC)
NPO dielectric 63 V (IEC)
X7R dielectric 16 V,25V and 63 V (IEC)
Capacitance range class 1,
NPO dielectric 220 pF to 100 000 pF (E-12 series)
Capacitance range class 2,
X7R dielectric 22 nF to 3.9 puF (E-12 series)
Tolerance on capacitance
NPO dielectric +10%, 5% and +2% (note 1)
X7R dielectric +20%, +10% and +5%

Sectional specifications

IEC 384-10, second edition 1989-04
based on CECC 32 100

Detailed specification

based on CECC 32 101-801

Climatic category (IEC 68)

NPO dielectric 55/125/56
X7R dielectric 55/125/56
Note

1. Values £1% available on request.

terminations

ceramic material

Fig.1 Construction of a ceramic multilayer capacitor.
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Philips Components

Product specification

Surface mounted ceramic
multilayer capacitors

Compact series

MECHANICAL DATA

]

L2 L— L4———>I L3 }’
L1 | msB211

Fig.2 Component outline.

Capacitor dimensions

w T L /L, L,
CASESIZE |  \'\m) (mm) MIN. MAX. MIN. MAX. MIN.
(mm) (mm) (mm) (mm) (mm)

0603 1.6 £0.1 0.810.1 07 0.9 0.25 0.65 0.4
0805 204010 | 1.25+0.10 051 1.35 0.25 0.75 0.55

1206 321015 | 1.610.15 0.51 1.75 0.25 0.75 1.4

1210 3.210.15 | 2510.15 051 1.8 0.25 0.75 1.4

1812 4510.2 32102 0.51 18 0.25 0.75 22

2220 5.7 0.2 5.00.2 051 18 0.25 0.75 29
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Philips Components

Product specification

Surface mounted ceramic
multilayer capacitors

Compact series

CAPACITANCE SELECTION CHART FOR CLASS 1 NPO DIELECTRIC SERIES

MGA451 -2
c LASTTWO | 0603 | 0805 | 1206 | 1210 | 1812 | 2220
DIGITS OF
®F) 12NC 63V
220 4
270 42
330 43
390 44
470 45
560 46
680 47
820 48
1000 49
1200 51
1500 52
1800 53
2200 54
2700 55
3300 56
3900 57
4700 58
5600 59
6800 61
8200 62
10000 63
12000 64
15000 65
18000 66 7
22000 67 R
27000 68
33000 69
39000 7 7
47000 72
56000 73
68000 74
82000 75
100000 76 Stetete
8 mm TAPEWIDTH | 12 mm TAPE WIDTH
CL:g.;::::i?r?ou AMOUNT PER REEL | AMOUNT PER REEL
(mm)
2 180 mm 2 180 mm
1=0511007 4000 2000
2=08 1010 - -
2a=07 t0 1.0 4000 2000
3=051101.0 - -
4=08 * 0.1 4000 -
5=09 t013 3000 1500
6=125%0.1 3000 -
7=12 10175 2500 1000

Fig.3 Selection chart for class 1 NPO dielectric.
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Product specification

Surface mounted ceramic

multilayer capacitors

Compact series

CAPACITANCE SELECTION CHART FOR CLASS 2 X7R DIELECTRIC SERIES

MGA452 -2
c LASTTWO 8 mm TAPE WIDTH 12 mm TAPE WIDTH
(nF) D'E;TSCOF 0805 1206 1210 1812 2220
25V|16V| 63V|25V| 16V | 63V| 25V| 16V| 63V| 25V| 63V| 25V| 63 V| 25V
22 41
27 42
33 43
39 44 7/
47 45 7
56 46 Y,
68 47 KLKL
82 48
100 49 v
120 51 OOV 7
150 52 A0
180 53 RIE&:55%: v
220 54 K{B< 7 v
270 55 ) /.
330 56
390 57 f//>\/ 2%
470 58 2222
560 59
680 61 < jsisis]
820 62
1000 63
1200 64 e tetete!)
1500 65 b2 22 B3
1800 66 /////‘ /\/\//4
2200 67 (&<
2700 68 3
3300 69 SO
3900 7" /77 /A
8 mm TAPE WIDTH 12 mm TAPE WIDTH
c&g‘;ﬁ,’éﬁfm AMOUNT PER REEL AMOUNT PER REEL
(mm) 2 180 mm 2 180 mm
1=051100.7 4000 2000
2=08 t01.0 - -
2a=0.7 t01.0 4000 2000
3=051101.0 - -
4=08 * 0.1 4000 -
5=09 to1.3 3000 1500
6=125*0.1 3000 -
7=12 10175 2500 1000
Note: b = in development
Fig.4 Selection chart for class 2 X7R dielectric.
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Philips Components Product specification

Surface mounted ceramic

; : om :
multilayer capacitors Compact series

ELECTRICAL CHARACTERISTICS

Class 1 capacitors, NPO dielectric
Unless otherwise stated all electrical values apply at an ambient temperature of 20 +1 °C, an atmospheric pressure
of 86 to 106 kPa, and a relative humidity of 63 to 67%

Capacitance range (E-12 series), (note 1) 220 pF to 100 000 pF
Tolerance on capacitance after 1 000 hours +10%, 5% and +2% (note 2)
Tan & (note 1) <10x 10+

Insulation resistance after 1 minute at U (DC) >100 GQ

Temperature coefficient (0 £30) x 10-¢/K
Terminations Ag/Pd
Notes

1. Measured at 1V, 1 MHz for C <1 000 pF, and at 1V, 1 kHz for C >1 000 pF using a four gauge method.
2. Values +1% available on request.
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Product specification

Surface mounted ceramic
multilayer capacitors

Compact series

MGA485
40
TC. | b
(ppm/K)
20
0 =
P el
-20
-40
-40 0 40 80 120
T (0

Sample limits (solid line).
Requirement levels (broken lines).

Fig.5 Typical temperature coefficient as a
function of temperature for NPO dielectrics.

10 MSA620
tan §
(x1074)
8
6
4 N 1
N 1
2
V]
-40 0 40 80 120
T (°C)

Fig.6 Typical tan & as a function of temperature
for NPO dielectric.

MEA614
15
10 F
ac/c [
(%) C
of-
-5 :
-10f
-15C

0 10 20 30 40 50
Vpc V)

Fig.7 Typical capacitance change with respect
to the capacitance at 1 V as a function of DC
voltage for NPO dielectrics.

April 1993

67




Philips Components Product specification

Surface mounted ceramic

: : Compact series
multilayer capacitors P

HIGH FREQUENCY BEHAVIOUR OF CERAMIC MULTILAYER CAPACITORS

Ceramic multilayer capacitors
(CMC) from the compact series are
suitable for use at high frequencies.
At frequencies below the series
resonant frequency, the CMC can
be represented by an equivalent
circuit as shown in Fig.8.

In general, the quantities

C, ESR and L are frequency
dependent. For most applications,
C and L can be regarded as

frequency independent below 1 GHz.

The equivalent series
self-inductance L is

« independent of the dielectric
material

¢ dependent on the size of the
capacitor, it increases with
increasing length and decreases
with increasing width or thickness
of the product

e the value of L is approximately
0.6 nH for size 0603,
1 nH for sizes 0805, 1206
and 1210, and approximately
1.5 nH for sizes 1812 and 2220.
(These figures are accurate to

within £20%).

Because of the inductance L,
associated with the CMC, there will
be a frequency at which the
inductive reactance will be equal to
that of the capacitor.

This is known as the series resonant
frequency (SRF) and is given

1
by: SRF= I

At the SRF, the CMC will appear as
a small resistor. The transmission
loss through the CMC at this series
resonant frequency will be low.

Using the values of C, L (=1 nH)
and the ESR at a specific frequency,
(f), two often used quantities can be
derived.

April 1993

C = capacitance.

ESR = equivalent series resistance which is determined by the energy
dissipation mechanisms (in the dielectric material as well as in the
electrodes).

L = equivalent series self-inductance.

Fig.8 Equivalent series representation of a CMC.

The impedance, Z, is given

by: z=1=(2%1PLC, pqp

2jnfC
The quality factor is given
A =-(2r fRLC
by: Q=5 fESRC
68
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Product specification

Surface mounted ceramic
multilayer capacitors

Compact series

Table 1 shows maximum Equivalent

Series Resistance values for

capacitor sizes 0805 and 1206 at

frequencies of 50 MHz and

100 MHz. The measurements were

taken using equipment type
HP4191A.

Table 1 Maximum Equivalent Resistance (ESR) values

SIZE VALUE RANGE ESR at 50 MHz ESR at 100 MHz
(PF) (mQ) (mQ)

0805 470 < C <2 200 80 150

1206 2200 < C <8 200 80 150

April 1993
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Surface mounted ceramic

. . Compact series
multilayer capacitors P

ELECTRICAL CHARACTERISTICS

Class 2 capacitors, X7R dielectric
Unless otherwise stated all electrical values apply at an ambient temperature of 20 +1 °C, an atmospheric pressure
of 86 to 106 kPa, and a relative humidity of 63 to 67%

Capacitance range (E-12 series), (note 1) 22 nF to 3.9 uF
Tolerance on capacitance after 1 000 hours +20%, £10% and 5%
Tan § (note 1) <2.5%
Insulation resistance after 1 minute at U, (DC)
C<10nF Rjys >100 GQ
C>10nF RnsxC>1000s
Maximum capacitance variation as a function of +15%
temperature (see Fig.9)
Terminations Ag/Pd or Ni/Sn (note 2)
Notes

1. Measured at 1V, 1 kHz using a four gauge method.
2. Ni/Sn for sizes 0805, 1206 and 1210.
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AC/C
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-20 \
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Fig.9 Typical capacitance change with respect
to the capacitance at 1 V as a function of DC
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N
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Fig.10 Typical tan & as a function of

Fig.11 Typical capacitance change as a function
of temperature for X7R dielectrics.

voltage for X7R dielectrics. temperature for X7R dielectric.
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Fig.12 Typical equivalent series resistance
(ESR) as a function of frequency.
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SELECTION CHART FOR CLASS 1 NPO DIELECTRIC 63 VOLT WITH Ag/Pd AND N/Sn TERMINATIONS

MGA352- 1
¢ |iasTTRee 8 mm TAPE WIDTH 12 mm TAPE WIDTH
(oF) | DIGITSOF 0603 | 0806 | 1208 | 1210 1812 2220
12NC  Aopa | NiSn | Ag/Pd| NV/Sn | Ag/Pd| NiSn | Ag/Pd| NiSn | Ag/Pd| NUSn | AglPd
0.47 a7 S e 1
0.56 567
0.8 687 V2 2
0.82 827
1.0 108 Y 3
12 128 o
15 158 A e
18 188
22 228 B s
27 278
33 338 6
39 398
47 478 7
58 568
68 688 | ===
82 828 =
10 109
12 129 S
15 159
18 189
22 229
27 279 s
33 339 =
39 399
a7 479 NN
56 569 3 NN
68 689 NN
82 829 NN
100 101 i N\
120 121 NN
150 151 NN
180 181 N -.——.,.y
220 221 Ny
270 27 2 NN
330 331 Ry
390 391 7 ; iy
470 47 V0 A ..
560 581 7 77 N ...
680 681 /A i A Y
820 821 ZALLLLLE: A AR RN
1000 102 V7R 3 Rl IhNiay
1200 122 A Y
1500 152 V77077777 NN NN NN
1800 182 I hh iR RITni
2200 222 I i e hhiaayy
2700 272 Y
3300 332 Ry
3900 392 .y N
4700 472 NN
5600 562 RIRRNTARRRRT NN
6800 682 NN
8200 822 NN
10000 103 NN
8 mm TAPE WIDTH 12 mm TAPE WIDTH
THICKNESS (cu)ss.pmmu AMOUNT PER REEL AMOUNT PER REEL
mm;
2180 mm 2286 mm 2 180 mm
1=051100.7 2000 10000 2000
2=08 1010 4000 10000 2000
320511010 4000 10000 2000
4208 0.1 4000 10000 -
5=09 to1.3 3000 8000 1500
6=125% 0.1 3000 8000 -
7212 101.75 2500 7000 -
8=16 015 2500 7000 -
Fig.1 Selection chart for class 1 NPO dielectric 63 volt with Ag/Pd and Ni/Sn terminations.
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COMPOSITION OF THE 12NC FOR THE CLASS 1 NPO DIELECTRIC 63 VOLT SERIES

2222 8 X X X X XXX

T L
Packing Capacitance Value (see 'Selection chart
for class 1 NPO dielectric 63 V series')
5 bulk
6 tape on reel
Tolerance
Size Ag/Pd terminations
1 + 0.25 pF for C = 5.6 t0 8.2 pF
1 0805 + 2.0 % forC =10 pF
g :gég 2 + 0.25 pF for C = 0.47 to 4.7 pF
5 1812 + 0.5 pF for C = 5.6 to 8.2 pF
6 2220 + 5.0 % for C =10 pF
7 0603 3 + 10 % for C =10 pF
Ni/Sn terminations
i 4 + 0.25 pF for C = 5.6 t0 8.2 pF
Packing  (note 1) + 2.0 % for C =10 pF
buk 1 5 + 0.25 pF for C = 0.47 to 4.7 pF
tape 1 forreel @ 180 mm +05 plg for C=5.6108.2 pr
7 for reel @ 286 mm + 5.0 % for C =10 pF
6 + 10 % for C =10 pF
Note : MLBO18

1. Amount on reel depends on thickness class (see 'Selection chart for class 1 NPO dielectric 63 V series
Thickness classification').

Fig.2 Composition of the 12NC for the class 1 NPO dielectric 63 volt series.
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SELECTION CHART FOR CLASS 1 NPO DIELECTRIC 100 VOLT WITH Ag/Pd AND N/Sn TERMINATIONS

MGA354 - 1
c LAST TWO 8 mm TAPE WIDTH
®°F) DIGITS OF 0805 1206 1210
12NC I Pd| NUSn | Ag/Pd | NUSn | Ag/Pd | NUSn
0.47 05 e
0.56 06
0.68 07
0.82 08
1.0 09
12 1 T
15 12 S
1.8 13 S
22 14 =
27 15
33 16
3.9 17
47 18
56 19
8.8 21
8.2 22
10 23
12 24
15 25
18 26
22 27
27 28
33 29
39 31
47 32
56 33
68 34
82 35
100 36
120 37
150 38
180 39
220 41
270 42
330 43
390 4
470 45
560 a8
680 47
820 48
1000 49
1200 51
1500 52
1800 53
2200 54
2700 55
3300 56 R RRIIRRRR,
3900 57 X2
4700 58 | |
8 mm TAPE WIDTH
THICKNESS AMOUNT PER REEL
CLASSIFICATION
(mm) 2180 mm 2286 mm
1=051100.7 4000 10000
2=08 t01.0 4000 10000
3=051101.0 4000 10000
5§=09 1013 3000 8000
6=125+ 0.1 3000 8000
7=12 10175 2500 7000
8=16 + 0.15 2500 7000

Fig.3 Selection chart for class 1 NPO dielectric 100 volt with Ag/Pd and Ni/Sn terminations.

N
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COMPOSITION OF THE 12NC FOR THE CLASS 1 NPO DIELECTRIC 100 VOLT SERIES

2222 XX X X 1 X XX

Termination —E Capacitance Value (see 'Selection chart
for class 1 NPO dielectric 100 V series')
60 NVSn
61 Ag/Pd
Capacitance range and Tolerance
Size range tolerance
1 <8.2pF + 0.25 pF (note 2)
0 0805 2 56t082pF +0.5 pF
1 1206 4 =10 pF +2 %
2 1210 5 =10 pF +5 %
6 >10 pF +10%
Packing (note 1)
0 bulk
1 reel @ 180 mm MLBO19
5 reel @ 286 mm
Notes :

1. Amount on reel depends on thickness class (see 'Selection chart for class 1 NPO dielectric 100 V series.
Thickness classification’).

2. Only available with Ag/Pd terminations.

Fig.4 Composition of the 12NC for the class 1 NPO dielectric 100 volt series.
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SELECTION CHART FOR CLASS 1 N750 DIELECTRIC 63 VOLT WITH Ag/Pd AND NI/Sn TERMINATIONS

MGA355 - 1
LAST THREE 8 mm TAPE WIDTH
c DIGITS OF
®F) 12NC 0805 1206
~ (note 1) [(note2) | Ag/Pd | NUSn | Ag/Pd | Ni/Sn
47 095 -
5.6 097 -
6.8 099 -
8.2 102 -
10 104 238
12 106 241
15 108 243
18 11 245
22 13 247
27 115 249
33 117 252
39 119 254
a7 122 256
56 124 258
68 126 261
82 128 263
100 131 265
120 133 267
150 135 269
180 137 272
220 139 274
270 142 276
330 144 278
390 146 281 7
470 148 283 V077
560 151 285
680 153 287
820 155 289
1000 157 292
1200 159 294
8 mm TAPE WIDTH
THICKNESS AMOUNT PER REEL
CLASSIFICATION
(mm) & 180 mm & 286 mm
1=0.51100.7 4000 10000
2=08 1010 4000 10000
Notes:
Tolerance:
1. 0.25 pF for C<4.7 pF
0.5 pF for 6.6 pF SC<8.2pF
5% for C=10pF
2. 10% for C=>10 pF
Fig.5 Selection chart for class 1 N750 dielectric 63 voit with Ag/Pd and Ni/Sn terminations.
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COMPOSITION OF THE 12NC FOR THE CLASS 1 N750 DIELECTRIC 63 VOLT SERIES

2222 XX X X 4 XXX

Termination ——E Capacitance Value (see 'Selection chart
for class 1 N750 dielectric 63 V series')
58 Ni/Sn
59 Ag/Pd
Size
0 0805
1 1206

Packing (note 1)

0 bulk
1 reel @ 180 mm MLB020
5 reel @ 286 mm

Note :

1. Amount on reel depends on thickness class (see ‘Selection chart for class 1 N750 dielectric 63 V series.
Thickness classification’).

Fig.6 Composition of the 12NC for the class 1 N750 dielectric 63 volt series.
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SELECTION CHART FOR CLASS 2 X7R DIELECTRIC 63 VOLT WITH Ag/Pd AND Ni/Sn TERMINATIONS

MGA353 - 1
c LASTTWO 8 mm TAPE WIDTH 12 mm TAPE WIDTH
(oF) | DIGITS OF 0603 0805 1206 1210 1812 2220
12NC [ o/Pd | NUSn | Ag/Pd | NUSn | Agipd | NUSn | Ag/pd | NUSn | AgiPd | NiSn | Ag/Pd
100 o1
120 02
150 03
180 04
220 05
270 08
330 o7
390 08
470 09
560 "
680 12
820 13
1000 14
1200 15
1500 16
1800 17
2200 18 .
2700 19 NN
3300 21 A
3900 22 NN N\
4700 23 A Y
5600 24 N \\\\\\\\\\ NN
6800 25 NN Ay
8200 26 NN \\‘k\ MM
10000 27 Y
12000 28 Y
15000 29 i i  m iy
18000 31 .
22000 a2 N .
27000 33 ...
33000 34 i e h ey
39000 35 R R e _ hhin
47000 36 T i sy
56000 a7 R iy
68000 38 i  nnrreeay
82000 39 T iy
100000 4 i
120000 42 Y N NN
150000 43 NN NN NN
180000 a4 NN NN NN
220000 45 NN NN NN
270000 48 NN NN
330000 a7 NN NN
390000 48 NN NN
470000 49 T T T T TR NN
560000 51 NN
820000 g \§§\\
N
1000000 54 mo%
8 mm TAPE WIDTH 12 mm TAPE WIDTH
THICKNESS (cu)ssmclmon AMOUNT PER REEL AMOUNT PER REEL
mm;
2 180 mm 2 286 mm 2180 mm
1=051100.7 4000 10000 2000
2=08 1010 4000 10000 2000
2a=07 101.0 4000 10000 2000
3=051101.0 4000 10000 2000
4=08 *01 4000 10000 -
5=09 1013 3000 8000 1500

Fig.7 Selection chart for class 2 X7R dielectric 63 volit with Ag/Pd and Ni/Sn terminations.
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COMPOSITION OF THE 12NC FOR THE CLASS 2 X7R DIELECTRIC 63 VOLT SERIES

2222 XX X X 6 X XX

Termination l Capacitance Value (see 'Selection chart
for class 2 X7R dielectric 63 V series')
58 Ni/Sn
59 Ag/Pd
Tolerance

Size 5 +5 %
6 +10%
0 0805 7 +20 %

1 1206

2 1210

4 1812

5 2220

6 0603

Packing (note 1)

MLBO21
0 bulk
1 reel @ 180 mm
5 reel @ 286 mm
Note :

1. Amount on reel depends on thickness class (see 'Selection chart for class 2 X7R dielectric 63 V series.
Thickness classification’).

Fig.8 Composition of the 12NC for the class 2 X7R dielectric 63 volt series.
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SELECTION CHART FOR CLASS 2 X7R DIELECTRIC 100 VOLT WITH Ag/Pd TERMINATIONS

MGA356 - 1
12 mm
8 mm TAPE
c LAST TWO TAPE WIDTH WIDTH
DIGITS OF
®F) 12NC 0805 1206 1210 1812
Ag/Pd Ag/Pd Ag/Pd Ag/Pd
180 13
220 14
270 15
330 16
390 17
470 18
560 19
680 21
820 22
1000 23
1200 24
1500 25
1800 26
2200 27 N
2700 28 A,
3300 29 NN,y
3900 3 NN
4700 32 NN
5600 33 NN
6800 34
8200 35
10000 36
12000 37
15000 38
18000 39
22000 41
27000 42
33000 43
39000 44
47000 45
56000 46
68000 47
82000 48
100000 49
120000 51 NNy
150000 52 AN
8 mm TAPE WIDTH 12 mm TAPE WIDTH
THICKNESS
CLARSIIC A TON AMOUNT PER REEL AMOUNT PER REEL
(mm) © 180mm | O 286 mm 0 180 mm
1=051100.7 4000 10000 2000
2=08 1010 4000 10000 2000
2a=07 t01.0 4000 10000 2000
3=051101.0 4000 10000 2000
5=09 t01.3 3000 8000 1500

Fig.9 Selection chart for class 2 X7R dielectric 100 volt with Ag/Pd terminations.
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COMPOSITION OF THE 12NC FOR THE CLASS 2 X7R DIELECTRIC 100 VOLT SERIES

2222 XX X X 6 X

X XX
-‘
Termination ] lj— Capacitance Value (see 'Selection chart
for class 2 X7R dielectric 100 V series')
61 Ag/Pd
Tolerance
Size
5 +5 %
0 0805 6 +10%
1 1206 7 +20%
2 1210
4 1812
Packing (note 1)
0 bulk
1 reel @ 180 mm MLBo22
5 reel @ 286 mm
Note :

1. Amount on reel depends on thickness class (see 'Selection chart for class 2 X7R dielectric 100 V series.
Thickness classification’).

Fig.10 Composition of the 12NC for the class 2 X7R dielectric 100 volt series.
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SELECTION CHART FOR CLASS 1 NPO DIELECTRIC 63 VOLT WITH Ag/Pd AND Ni/Sn TERMINATIONS

MGA450 - 1
c LAST THREE 8 mm TAPE WIDTH
(pF) D"f-":rNSCOF 0603 0805 1206
Ag/Pd | NUSn | Ag/Pd | NUSn | Ag/Pd | Nusn
0.47 a7 e ? B
0.56 567 ,
068 687 VA 2
0.82 827
1.0 108 4
12 128
1.5 158 5
18 188
22 228 6
27 | 21
33 338 8
3.9 398
a7 478
56 568
6.8 688
8.2 828
10 109
2 129
15 159
8 | 189
22 229
27 279
— 33 339
[ 39 399
a7 479
5 569
68 689
82 829 o 3
100 | 101 : i
120 121 : i
150 151 S b
180 181 S
220 221 s S
270 271 : i S
330 331 i
390 391
470 471
560 561
680 681 i
820 821 VKKK
1000 102 WAL
| 1200 122 Z 7
1500 152 v 7
1800 182 v v
2200 222 AR
2700 272
3300 332
8 mm TAPE WIDTH
THICKNESS AMOUNT PER REEL
CLASSIFICATION
(mm) 2180 mm 2286 mm
1=0511007 4000 10000
2=08 t01.0 4000 10000
4=08 * 0.1 4000 10000
5§=09 to1.3 3000 8000
6=125% 0.1 3000 8000
8=16 *0.15 2500 7000
Fig.1 Selection chart for class 1 NPO dielectric 63 volt with Ag/Pd and Ni/Sn terminations.
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Surface mounted ceramic

) - Narrow tolerance series selection chart
multilayer capacitors ec a

COMPOSITION OF THE 12NC FOR THE CLASS 1 NPO DIELECTRIC 63 VOLT SERIES

2222 86X X X XXX

Size ‘[ Capacitance Value (see 'Selection
chart for narrow tolerance series').
1 0805
3 1206
7 0603 Tolerance
Ag/Pd terminations
Packing 1 + 0.1 pF for C = 0.47 to 4.7 pF
X 7 + 0.1 pF for C = 5.6 to 8.2 pF
1 reel @ 180 mm; 8 mm width (note 1) +1%for C =10 pF
7 reel @ 286 mm; 8 mm width (note 1)
NV/Sn terminations i
4 + 0.1 pF for C = 0.47 t0 4.7 pF
8 + 0.1 pF for C=5.610 8.2 pF
+ 1% for C =10 pF
Note :

MLBO23

1. Amount on reel depends on thickness class (see ‘Selection chart for narrow tolerance series. Thickness
classification').

Fig.2 Composition of the 12NC for the class 1 NPO dielectric 63 volt series.
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Surface mounted ceramic Microwave series selection chart
multilayer capacitors

SELECTION CHART FOR CLASS 1 NPO DIELECTRIC 63 VOLT WITH Ag/Pd AND Ni/Snh TERMINATIONS

MGA357
c LAST TWO 8 mm TAPE WIDTH
' DIGITS OF 0603 0805 1208
(°F) 12NC
0.47 05 .
0.56 06
0.68 07 .
0.82 08
1.0 09
1.2 1"
15 12
18 13
2.2 14
2.7 15
3.3 16
3.9 17
47 18
56 19
6.8 21
8.2 22
10 23
12 24
15 25
18 26
22 27
27 28
33 29
39 31
47 32
56 33
68 34
82 35
100 36
120 37
THICKNESS 8 mm TAPE WIDTH
CLASSIFICATION AMOUNT PER REEL
mm 2 180 mm 2 286 mm
1=051100.7 4000 10000
4=08+0.1 4000 10000
Fig.1 Selection chart for class 1 NPO dielectric 63 volt with Ag/Pd and Ni/Sn terminations.
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Surface mounted ceramic

) . Microwave series selection chart
multilayer capacitors

COMPOSITION OF THE 12NC FOR THE CLASS 1 NPO DIELECTRIC 63 VOLT SERIES

2222 XXX X X X XX

Size  Termination —E Capacitance Value (see 'Selection
chart for microwave series').

574 0805 NVSn
575 0805 Ag/Pd
576 1206 NVSn

Tol
577 1206 Ag/Pd olerance
578 0603  Ni/Sn 0 +0.1 pFforC<10
+0. pF
579 0603  Ag/Pd 1 * 0.25 pF for C <10 pF
2 + 0.5 pFfor5pF<C<10pF
. 3 +1 %forC=10pF
Packing 4 +2 %forC=10pF
. 5 +5 %forC=10pF
0 bulk: 1000 pieces 6 +10 % for C =10 pF
1 reel @ 180 mm; 8 mm width; 4000 pieces
5 reel @ 286 mm; 8 mm width; 10 000 pieces
Dielectric Material MLBO24
1 NPO

Fig.2 Composition of the 12NC for the class 1 NPO dielectric 63 volt series.
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Surface mounted ceramic ; .
multilayer capacitors X7R 25 volt series selection chart

SELECTION CHART FOR CLASS 2 X7R DIELECTRIC 25 VOLT WITH Ag/Pd AND Ni/Sn TERMINATIONS

MGA449 - 1
. LAST TWO 8 mm TAPE WIDTH
(nF) PIGITS OF 0603 0805 1206
12NC
Ni'sn Ag/Pd Ni/Sn Ag/Pd Ni/Sn
10 36 1
12 37
15 38 2
18 39
22 M 2a
27 42
33 43 4
39 44 7 v
a7 4 % IR
56 46 /
68 a7 7% %
82 48
100 w s
120 51
150 52
180 53 o%a’s%’e"s"s"s's"s"s’e"s's
220 = % XX
8 mm TAPE WIDTH
THICKNESS AMOUNT PER REEL
CLASSIFICATION
(mm) g 180 mm g 286mm
1=051100.7 4000 10000
2=08 t01.0 4000 10000
2a=0.7 t01.0 4000 10000
4=08*01 4000 10000
6=1.25%01 3000 8000
Fig.1 Selection chart for class 2 X7R dielectric 25 volt with Ag/Pd and Ni/Sn terminations.
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Surface mounted ceramic

multilayer capacitors X7R 25 volt series selection chart

COMPOSITION OF THE 12NC FOR THE CLASS 2 X7R DIELECTRIC 25 VOLT SERIES

2222 XX X X X X XX

Rated Voltage U, _E Capacitance Value (see 'Selection
Termination Composition chart for X7R 25 V series’)
91 25 V Ni/Sn
92 25V Ag/Pd Tolerance
5 +5 %
6 +10%
Size 7 120%
0 0805
1 1206
6 0603 (note 2) L Dielectric Material
6 X7R
Packing
1 reel: @ 180 mm; 8 mm width (note 1)
5 reel: @ 286 mm; 8 mm width (note 1) MLBO25
Note :

1. Amount on reel depends on thickness class (see 'Selection chart for X7R 25 V series. Thickness
classification’).

2. Only available with Ni/Sn terminations.

Fig.2 Composition of the 12NC for the class 2 X7R dielectric 25 volt series.

April 1993 87



Philips Components Product specification
TR L e S

Surface mounted ceramic

multilayer capacitors High voltage series selection charts

SELECTION CHART FOR CLASS 1 NPO DIELECTRIC 200 VOLT WITH Ag/Pd AND N/Sn TERMINATIONS

c LAST TWO 8 mm TAPE WIDTH TA;: Wi'ém
(pF) D'?;T:COF 0805 1206 1210 1812
Ag/Pd Ni/Sn Ag/Pd Ni/Sn Ag/Pd Ni/Sn Ag/Pd Ni/Sn
10 28 000007 ) 2
12 U 7 00000
15 25 00000002 B s
18 % 0000000
22 C 7 A 6
27 B 0 oo
® CXM 7 A 7
) N 000000
a7 %2 A 00 77 @ 8
56 B 700 0 00000000000
68 M7/ A4
82 RN 22222222 2L/
100 3B KKK ’<<)§))\~/////// 00
120 37 RSy 207072
150 N 222202 RRRR A A
180 39 ATAA A/
220 4 700000000
270 42 700000
330 3 | | BB 7 0000000777
390 4“ & R 7% 00
470 45 e s o //// /A/ /// 7
680 47 I
820 48 e ’///// W
1000 49 000
1200 51 2 o
1500 52 X
8 mm TAPE WIDTH 12 mm TAPE WIDTH
THICKNESS AMOUNT PER REEL AMOUNT PER REEL
CLASSIFICATION
(mm) 2 180 mm & 286 mm o 180 mm
2=0.80 to 1.00 4000 10000 2000
5=0.90 to 1.30 3000 8000 1500
6=125+0.10 3000 8000 -
7=120101.75 2500 7000 -
8=160 * 0.15 2500 7000 -

Fig.1 Selection chart for class 1 NPO dielectric 200 volt with Ag/Pd and Ni/Sn terminations.
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Surface mounted ceramic

multilayer capacitors High voltage series selection charts

COMPOSITION OF THE 12NC FOR THE CLASS 1 NPO DIELECTRIC 200 VOLT SERIES

2222 XX X X X X XX

Rated Voitage U , —[— Capacitance Value (see 'Selection
Termination Composition chart for High voltage series, NPO')
93 200 V Ni/Sn
94 200 V Ag/Pd Tolerance
4 +2 %
5 +5 %
Size 6 +10%
0 0805
1 1206
2 1210 \————— Dielectric Material
4 1812
1 NPO
Packing
1 reel: & 180 mm; 8 mm width; sizes 0805, 1206, 1210 only (note 1) MLBOZ6
reel: @ 180 mm; 12 mm width; size 1812 only (note 1)
5 reel: @ 286 mm; 8 mm width; sizes 0805, 1206, 1210 only (note 1)
Note :

1. Amount on reel depends on thickness class (see ‘Selection chart for High voltage series, NPO.
Thickness classification').

Fig.2 Composition of the 12NC for the class 1 NPO dielectric 200 volt series.

April 1993 89



Philips Components Product specification

Surface mounted ceramic

multilayer capacitors High voltage series selection charts

SELECTION CHART FOR CLASS 2 X7R DIELECTRIC 200 VOLT WITH Ag/Pd AND Ni/Sn TERMINATIONS

MGA455- 1
12 mm
c LAST TWO 8 mm TAPE WIDTH TAPE WIDTH
F
(pF) DIGITS O 0805 1206 1210 1812

12NC

Ag/Pd | NiUSn | Ag/Pd | NUSn | Ag/Pd | Ni/Sn | Ag/Pd | Ni/Sn

180 13 770
220 000
270 7777/,
330 16 ///////f/////

390 (7744 s
470 8 70000
560 (L 77/, 7

/

w |
w | w7
w0 | e 77
w0 | U
w0 | 2
wo | % U
m [y 777
mo | w7
w0 | w7
w0 | A
aw | B

R 070077
R 7 777077

3
6800 3
8200 35 4
10000 36 5077007 007707
12000 37 7//////////////////A//////A////// g
15000 38 T 000000
18000 39 R /{{{”//{{,{{/{///////’ G
22000 ) R ST iz 7z,
27000 ) ; 70000000000
33000 43 5 ////W/
39000 44 %
47000 45 ///// Z
56000 46 7 Z
68000 47 L2 "
82000 48 RS 2
100000 49 BRI
8 mm TAPE WIDTH 12 mm TAPE WIDTH
THICKNESS AMOUNT PER REEL AMOUNT PER REEL
CLASSIFICATION ‘
(mm) o 180 mm & 286 mm 2 180 mm
2=0.80101.00 4000 10000 2000
5=0.90 10 1.30 3000 8000 1500
6=1.25 £ 0.10 3000 8000 -
7=120101.75 2500 7000 -

Fig.3 Selection chart for class 2 X7R dielectric 200 volt with Ag/Pd and Ni/Sn terminations.
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COMPOSITION OF THE 12NC FOR THE CLASS 2 X7R DIELECTRIC 200 VOLT SERIES

2222 XX X X X X

XX XX
Rated Voitage Up , ‘Ii Capacitance Value (see 'Selection
Termination Composition chart for High voltage series, X7R')
93 200 V Ni/Sn
94 200 V Ag/Pd Tolerance
5 +5 %
i 6 +10%
Size 7 :20%
0 0805
1 1206
2 1210 Dielectric Material
4 1812
6 X7R
Packing
1 reel: @ 180 mm; 8 mm width; sizes 0805, 1206, 1210 only (note 1) MLB027
reel: @ 180 mm; 12 mm width; size 1812 only (note 1)
5 reel: @ 286 mm; 8 mm width; sizes 0805, 1206, 1210 only (note 1)

Note :

1. Amount on reel depends on thickness class (see ‘Selection chart for High voltage series, X7R.

Thickness classification').

Fig.4 Composition of the 12NC for the class 2 X7R dielectric 200 volt series.
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Surface mounted ceramic
multilayer capacitors

Product specification

Compact series selection charts

SELECTION CHART FOR CLASS 1 NPO DIELECTRIC 63 VOLT WITH Ag/Pd AND NI/Sn TERMINATIONS

(o
®F)

LASTTWO | o603 | 0805
DIGITS OF
12NC 63V |83V

1206 | 1210 | 1812 | 2220

63V |63V |63V |63V

220
270

330
390
470
560
680
820
1000
1200
1500
1800
2200
2700
3300
3900
4700
5600
6800
8200
10000
12000
15000
18000
22000
27000
33000
39000
47000
56000
68000
82000
100000

Y
42
43
44
45
46
47
48
49

239gaxgR 2

61

228

v/

olelets

THICKNESS
CLASSIFICATION
(mm)

8 mm TAPE WIDTH
AMOUNT PER REEL

12 mm TAPE WIDTH
AMOUNT PER REEL

2 180 mm

o 180 mm

1=051107
2=08 t01.0
2a=0.7 101.0
3=0511t01.0
4=08 * 0.1
5=09 t013
6=125*0.1
7=12 10175

Fig.1 Selection chart for class 1 NPO dielectric 63 volt with Ag/Pd and Ni/Sn terminations.
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Philips Components Product specification

Surface mounted ceramic

. : ompact serie i
multilayer capacitors Comp s selection charts

COMPOSITION OF THE 12NC FOR THE CLASS 1 NPO DIELECTRIC 63 VOLT SERIES

2222 XX X X X X XX
Rated Voitage U, ‘E Capacitance Value (see 'Selection
Termination Composition chart for compact series, NPO')
89 63 V Ni/Sn
90 63 V Ag/Pd Tolerance
4 +2 %
i 5 +5 %
Size 6 +10%
0 0805
1 1206
2 1210 \—————— Dielectric Material
3 0603
4 1812 0 NPO
5 2220
Packing MLB28
0 bulk, 1000 pieces
1 reel: @ 180 mm; 8 mm width (note 1)
Note :

1. Amount on reel depends on thickness class (see 'Selection chart for class 1 NPO dielectric series.
Thickness classification’).

Fig.2 Composition of the 12NC for the class 1 NPO dielectric 63 volt series.
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Surface mounted ceramic

. ‘ Compact series selection charts
multilayer capacitors

SELECTION CHART FOR CLASS 2 X7R DIELECTRIC 16 VOLT, 25 VOLT AND 63 VOLT WITH Ag/Pd AND Ni/Sn
TERMINATIONS

MGA452-2
8 mm TAPE WIDTH 12 mm TAPE WIDTH
c LAST TWO
(nF) ng::" 0603 0805 1206 1210 1812 2220
25v|16V|63V|25V| 16V| 63V| 25V| 63V| 25V| 63V| 25V
22 41 1
27 42
33 43 2
39 44
a7 45 2b
56 46
68 47 a
82 48
100 49 v ab
120 51 OOV Z
150 52 LY, 5
180 53 %
220 54 KB v 5b
270 55 ' N7
330 56 RS 6
390 57 2200
470 58 7 &b
560 59
680 61 < 7
820 62
1000 63
1200 64
1500 65
1800 66
2200 67
2700 68
3300 69
3900 7
8 mm TAPE WIDTH 12 mm TAPE WIDTH
cd’;ﬁmﬁﬁo" AMOUNT PER REEL AMOUNT PER REEL
(mm) 2 180 mm 2 180 mm
1=051100.7 4000 2000
2=08 t01.0 - -
2a=0.7 10 1.0 4000 2000
3=051101.0 - -
4=08 * 0.1 4000 -
5=09 t013 3000 1500
6=1.25 * 0.1 3000 -
7=12 t01.75 2500 1000

Note: b = in development

Fig.3 Selection chart for class 2 X7R dielectric 16 volt, 25 volt and 63 volt with Ag/Pd and Ni/Sn terminations.
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Surface mounted ceramic

multilayer capacitors

Compact series selection charts

COMPOSITION OF THE 12NC FOR THE CLASS 2 X7R DIELECTRIC 16 VOLT, 25 VOLT AND 63 VOLT SERIES

April 1993

2222 XX X X X X XX

Rated Voltage U, —I:- Capacitance Value (see 'Selection
Termination Composition chart for compact series, X7R")

87 25V Ni/Sn

88 25V Ag/Pd Tolerance

89 63 V Ni/Sn

90 63 V Ag/Pd 5 5 %

95 16 V Ni/Sn 6 +10%

96 16 V Ag/Pd 7 +20%
Size \————— Dielectric Material

0 0805 6 X7R

1 1206

2 1210

3 0603

4 1812

5 2220

MLBO29

Packing

0 bulk, 1000 pieces

1 reel: @ 180 mm; 8 mm width (note 1)
Note :

1. Amount on reel depends on thickness class (see 'Selection chart for class 2 X7R dielectric series.
Thickness classification').

Fig.4 Composition of the 12NC for the class 2 X7R dielectric 16 volt, 25 volt and 63 volt series.
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Product specification

Surface mounted ceramic
multilayer capacitors

Standard series 15 digit code

COMPOSITION OF THE 15 DIGIT CODE

Size L x W (mm)
0603 1.6x0.8
0805 2.0x1.25
1206 32x1.6
1210 32x25
1812 45x3.2
2220 5.7x5.0

Dielectric material

CG
uJ
2R

NPO
N750
X7R

Capacitance value

First two digits of the capacitance value in pF

Multiplier

APWN-=-2O0OO®

Tolerance

TR-O00

Note :

XX XX

| >
IES
|>¢
I
—{ %

X X X X
SRR AT

X
1L
Reserved

Additional material code

|
—
|

B X7R-K3000

Packing (note 1)

A loose in bag
- B tape on reel; @ 180 mm
D tape on reel; @ 286 mm

End termination

A Ag/Pd
B Ni/Sn

— Rated voltage

0.01
0.1

10
102
103
104
105

KX X X X X X X

9 50/63 V
0 100V

MsBO71

+ 0.25 pF
0.5 pF
20 %
50 %
10.0 %
20.0 %

o

1. Amount on reel depends on thickness class (see standard series selection charts).

April 1993

Fig.1 Standard series 15 digit code.
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Philips Components Product specification

Surface mounted ceramic

multilayer capacitors Narrow tolerance series 15 digit code

COMPOSITION OF THE 15 DIGIT CODE

XXXX!(_Z}(_!______!(_XXX
__1]____ T T T
| |
Size L x W (mm) ! i L— Reserved
0803  1.6x0.8 — .
0805 20x1.25 | Additional material code
1206 32x1.6 !
!
L Packing (note 1)
Dielectric material —— ——
B 2500, 3000 or 4000, tape on reel
CG NPO D 7000, 8000 or 10 000, tape on reel
Capacitance value ——F————— L————— End termination
First two digits of the capacitance value in pF A Ag/Pd
B Ni/Sn
Multiplier
L Rated voitage
8 x 0.01
9 x 0.1 9 50/63 V
0 x 1
1 x 10
2 x 102
3 x 103
4 x 104
5 x 105
MsBo72
Tolerance
B + 0.1 pF
F +1.0%
Note :

1. Amount on reel depends on thickness class (see narrow tolerance series selection chart).

Fig.1 Narrow tolerance series 15 digit code.
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Surface mounted ceramic
multilayer capacitors

Microwave series 15 digit code

COMPOSITION OF THE 15 DIGIT CODE

XXXX XX XX

Size L x W (mm)
0603 1.6x0.8
0805 20x1.25
1206 3.2x1.6

Dielectric material

caG NPO

Capacitance value

First two digits of the capacitance value in pF

— Additional material code

Packing (note 1)

A 1000, loose in bag
B 4000, tape on reel
D 10 000, tape on reel

End termination

A Ag/Pd
B Ni/Sn

Multiplier

8 x 0.01 L ————— Rated voltage

9 x 0.1

0 x 1 9 63V

1 x 10

2 x 102

3 x 103

4 x 104

5 x 105

MSBO73

Tolerance

B + 0.1 pF

Cc + 0.25 pF

D +05 pF

F +10 %

G +20 %

J +50 %

K +10.0%
Note :

1. Amount on reel depends on thickness class (see microwave series selection chart).

April 1993

Fig.1 Microwave series 15 digit code.
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Surface mounted ceramic

) : X7R 25 volt series 15 digit code
muitilayer capacitors

COMPOSITION OF THE 15 DIGIT CODE

XXXX XX XX X X X X X X X
SizeLxW(mm) — ‘ L Reserved
0603 1.6x0.8 }_ - .
0805 2.0x1.25 -— Additional material code
1206 32x1.6
B X7R-K3000
Dielectric material ———————— )
L Packing (note 1)
2R X7R B 3000 or 4000, tape on reel
D 8000 or 10 000, tape on reel
Capacitance value ———————-
First two digits of the capacitance value in pF -—————— End termination (note 2)
A Ag/Pd
Multiplier B Ni/Sn
g : 8?1 L Rated voitage
T X Y
2 x 102
3 x 103
4 x 104
5 x 105
Tolerance MsBo74
J +5.0 %
K +10.0%
M +20.0%
Note :

1. Amount on reel depends on thickness class (see X7R 25 V series selection chart).

2. Size 0603 only available with Ni/Sn terminations.

Fig.1 X7R 25 volt series 15 digit code.
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Surface mounted ceramic

multilayer capacitors High voltage series 15 digit code

COMPOSITION OF THE 15 DIGIT CODE

XXX X

|>¢
I

XXX XX

T

Size LxW(mm) ——— L Reserved

0805 20x1.25
1206 32x1.6 Additional material code
1210 32x25
1812 45x32
Packing (note 1)

Dielectric material —— M ————— B 3000 or 4000, tape on reel
C 1500 or 2000, tape on reel
CG NPO D 8000 or 10 000, tape on reel
2R X7R

End termination

Capacitance value

A Ag/Pd
First two digits of the capacitance value in pF B Ni/Sn
Multiplier Rated voltage
8 x 0.01 B 200V
9 x 0.1
0 x 1
1 x 10
2 x 102
3 x 103
4 x 104 U
5 x 105
Tolerance
c +20 %
J £50 %
K +10.0%
M +20.0%
Note :

1. Amount on reel depends on thickness class (see high voltage series selection charts).

Fig.1 High voltage series 15 digit code.
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Surface mounted ceramic

) . Compact series 15 digit code
multilayer capacitors

COMPOSITION OF THE 15 DIGIT CODE

XXXXKZ!E__!(__X_KXCX

Size L x W (mm) -L Reserved

0603 1.6x0.8

0805 2.0x1.25 Packing (note 1)

1206 32x1.6 '

1210 3.2x25 A loose in bag

1812 45x3.2 B tape on reel; @ 180 mm

2220 5.7x5.0

End termination
Dielectric material
A Ag/Pd
CG NPO B Ni/Sn
2R X7R
Rated voltage
Capacitance value 7 16V  (in development)
) . . . 8 25V

First two digits of the capacitance value in pF 9 50/63 V
Multiplier

8 x 0.01

9 x 0. MsBo7s

0 x 1

1 x 10

2 x 102

3 x 103

4 x 104

5 x 105
Tolerance

F +1 % (on special request)

G +20 %

J +50 %

K +10.0%

M + 20.0 %
Note :

1. Amount on reel depends on thickness class (see compact series selection charts).

Fig.1 Compact series 15 digit code.
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Surface mounted ceramic
multilayer capacitors

TAPE PACKING SPECIFICATIONS
The capacitors are available on tape on reel.

General data

Packaging conforms fully with IEC 286-3, EIA 481-1 and JIS C0806 industrial standards.

Cover tape

Polyester: 12 um.

Adhesive: 20 um.

Sealant: 30 um (styrene resin).

Table 1 Properties of cover tape

Width 5.5 0.1 mm 9.5 +0.1 mm
Breaking force 210.7 N 2176 N
Elongation at break 263% 263%
Surface resistance 107to 10° Q 107to 10° Q
Softening point 71 5°C 7115°C

Carrier tape

Polycarbonate

Table 2 Properties of carrier tape
Width 8.1 £t0.2 mm 12 +0.2 mm
Thickness 240 20 pm 240 +20 um
Tensile strength at break >60 N/mm?2 >60 N/mm?2
Elongation at break 100 to 150% 100 to 150%
Surface resistance >102 Q >102 Q

For the combination carrier/cover tape no static
behaviour is observed (relative humidity 230%). The
products do not stick to the cover tape and no voltage is
measured if the cover tape is separated from the carrier
tape.

The technical and thermal properties of polycarbonate
tapes are excellent, so there is no change in dimensions
as a function of time. The peel off force is very stable as
a function of time and temperature, and it is defined as
10 to 70 cN (centiNewton) at a peel off speed

of 120 mm/minute.

BULK PACKING

The capacitors are supplied in bulk in cardboard boxes
of 1 000 pieces.

April 1993

ENVIRONMENTAL CONSIDERATIONS:

o Cover tape, carrier tape and reel do not contain
the environmentally harmful PVC materials.

o Because the carrier tape is made of a
homogeneous material (so called mono-plastic), it
Is ideally suited for recycling.

o Compared to other PVC free materials
Polycarbonate shows excellent stiffness and very
little deformation as a function of temperature.
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Surface mounted ceramic

multilayer capacitors

General data

l:- Po
P2 >

f , ! ¢
il N L .
NN RN, [
' F
cover tape
~ \] { W
- - Bo © -
% |
MEA613
Ty » A le »l|le-Dy
Ty ' L—-— Py —»
direction of unreeling
_
K,: so chosen that the orientation of the component cannot change.
T: 0.6 mm max.
For W =8 mm, T, = 2.5 mm max.
For W =12 mm, T, = 4.5 mm max.
Fig.1 Blister tape.
Table 3 Physical dimensions of blister tape
CAPACITOR SIZE
PRODUCT (mm)
DIMENSIONS 0603 0805 1206 1210 1812 2220 TOL(ERA)NCE
mm
WIDTH 0.8+0.1 | 1.25+0.1 | 1.6 +0.15 | 2.5+0.2 | 3.210.2 | 5.0 0.2
LENGTH 1.610.1 | 2010.1 |3.210.15| 3.210.2 | 4510.2 | 5.710.2
A, - 1.1 1.55 1.95 2.9 3.6 54 10.1
B, - 1.9 23 3.55 36 49 6.1 0.1
w - 8.1 8.1 8.1 8.1 12 12 +0.2
E - 1.75 1.75 1.75 1.75 1.75 1.75 10.1
F - 35 35 35 35 5.5 5.5 0.05
D, - 1.5 1.5 1.5 1.5 1.5 1.5 +0.1/-0
D, - - 21 21 21 215 215 -
Py - 2 4 4 4 4 4 0.1
P, - 2and 4 4 4 4 8 8 0.1
P, - 2 2 2 2 2 2 10.05
Note
P, pitch tolerance over any 10 pitches is 10.2 mm.
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. : General data
multilayer capacitors
W
- \
-2t N A
- [}
- W1 -— MSA284
Dimensions in mm.
Fig.2 Reel.
Table 4 Reel dimensions
TAPE WIDTH A N w, W, max.
(mm) (mm) {mm) (mm) (mm)
8 180 62 11.5 8.4 +1.5/-0 14.4
8 286 62 +1.5 8.4 +1.5/-0 144
12 180 62115 124 +2/—0 18.4
April 1993
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Surface mounted ceramic
; - i
multilayer capacitors General data

leader end

. o "
trailer end "‘m’h ovor tape

<——-———-lra||er208mm——l L————Iaadet?:tot)mm_————.l

1 1

1 1)

1 1

] 1

L] !
0000 O-z------------ oo5§

oggmg-----ee-
le———————— trailer (max. 260 mm) ___J

Fig.3 Leader/trailer tape.

TAPE DATA

Minimum length of empty compartments at leader end 2400 mm of which a minimum 240 mm of empty
compartments are covered with cover tape

and 120 +40 mm cover tape only

Minimum length of empty compartments at trailer end 208 mm or 260 mm.
If the length is 260 mm an extra product is placed

at 208 mm to mark this position.
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Surface mounted ceramic
multilayer capacitors

General data

LABELING

1

2
3

8

dH W =

-2}

MADE IN HOLLAND

2R1 55/125/56 ESR
1206A 100N +/-10% 63V

WA ORI

BATCH 00307240

I G A

ORIG A670 rRrPC RS
T
QTYy 4000 DATE 9303

N CEA TR

TyPE 12062R104K9ABB

(0 A O RO A
R AT RV OO R0 SR RO

CODENO 2222 591 16641

H
L

The label on the reel is as shown.
LINE

R0 ENU

BATCH 90304263 PHILIPS
10000 A670 RS 9302

2R1 55/125/56

1206J 100n +/-20% 63V
12062R104M9BDB

ANV RO AN R R

CODENO 2222 581 56741

The label on the package containing the capacitors is as shown.

LINE LINE

1
2
3

WNO O

LINE

HWN =

D,

MARKING EXPLANATION

Country of origin

Material code and climatic category

Size, termination code, value, tolerance and
rated voltage

Unique batch number

Country of origin in code: A670 is Holland
Quantity and date code

15 digit code

Catalogue number (12NC).

MARKING EXPLANATION

Unique batch number

Quantity and date code

Material code and climatic category

Size, termination code, value, tolerance and
rated voltage

15 digit code

Catalogue number (12NC).
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Surface mounted ceramic
multilayer capacitors

General data

METHOD OF MOUNTING AND DIMENSIONS OF
SOLDERLANDS

For normal use the capacitors may be mounted on
printed-circuit boards or ceramic substrates by applying
wave soldering, reflow soldering (including vapour phase
soldering) or conductive adhesive. For advised soldering
profiles, see Figs 4, 5 and 6.

An improper combination of soldering, substrate and chip
size can lead to a damaging of the component. The risk
increases with the chip size and with temperature
fluctuations (>100 °C). Therefore, it is advised to use the
smallest possible size and follow the dimensional
recommendations given in Tables 5 and 6 for reflow and
wave soldering. More detailed information is available on
request.

Typical values (solid line).
Process limits (dotted line).

Fig.4 Reflow soldering.

April 1993
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Surface mounted ceramic
multilayer capacitors

General data

Typical values (solid line).
Process limits (dotted line).
The capacitors may be soldered twice in accordance with this method if desired.

Fig.5 Double wave soldering.

300
T ] MLABS0
o) ]
250
1oz
200
I 180 LTSS
15(J:
N 130 °C
- extemal preheating
1 100 °C
1004 ——=——=—m—mmmfe e T
4
B internal preheating,
73 e.g. by infrared,
501 max. 2K/s
]
[ o e L s S I e e T LN e e s 4 L
[} 50 100 150 250

Typical values (solid line).
Process limits (dotted line).

Fig.6 Vapour phase soldering.
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Surface mounted ceramic
multilayer capacitors

General data

------------------- > Ider land /
L —— - - D7) wwiirvose
2 4 pattern
| : 2 ! ¥
| 5 | S —— Ider resist
i : :EI i D G E !_ . ;:tter'nr“ *
v g ' s,
l | S | g —=-—
ll__ [ | ‘é L— __] occupied area
I g
c B8 §
A é g g tracks
F a MLASS7
E AVAILABLE AREA FOR TRACKS
underneath the CMC
Fig.7 Recommended dimensions of solderlands.
Table 5 Reflow soldering
' FOOTPRINT DIMENSIONS
SizE (mm) PROCESSING Jrosmvo
REMARKS URACY
A B c D E F G (mm)
0603 2.3 0.7 0.8 0.9 0.26 2.7 1.5 | IR or hot plate soldering 10.15
0603 23 0.5 0.9 0.9 0.0 2.7 1.7 | IR or hot plate soldering +0.25
0805 2.8 0.9 0.95 1.4 0.45 3.2 2.1 - +0.25
1206 4.0 2.0 1.0 1.8 14 4.4 2.5 - +0.25
1210 4.0 2.0 1.0 2.7 14 44 34 - +0.25
1812 5.4 3.3 1.05 3.5 27 5.8 4.1 | ceramic substrate only +0.25
2220 6.6 4.5 1.05 53 3.9 7.0 5.9 | ceramic substrate only 10.25
Table 6 Wave soldering (no dummy tracks allowed for the high voltage series)
FOOTPRINT DIMENSIONS PROPOSED NUMBER
izE (mm) AND DIMENSIONS OF :L:g::fg\:
DUMMY TRACKS
A B c D E F G (mm) (mm)
0603 2.4 1.0 0.7 0.8 0.2 3.0 1.9 1%(0.2x0.8) 10.10
0603 2.7 0.9 0.9 0.8 0.0 32 21 1x(0.3x0.8) 10.25
0805 3.2 1.4 0.9 1.3 | 0.36 4.1 2.5 1% (0.3x1.3) 0.15
0805 3.4 1.3 1.05 1.3 | 0.2 4.3 2.7 1x(0.2x1.3) +0.25
1206 4.8 23 1.25 1.7 1.25 5.9 32 3x(0.256 x1.7) +0.25
1210 5.3 2.3 1.5 2.6 1.25 6.3 42 3x(0.25 x 2.6) 40.25
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Surface mounted ceramic

multilayer capacitors General data

TEST CONDITIONS IN STATIC SOLDER BATH

Solderability:

95% covered with smooth and bright solder coating CECC requirement: 23515 °C for2 10.5 s
|IEC requirement: 215 +3 °C for 3 0.3 s

Resistance to leaching: 260+t5°Cfor30+1 s

10% of the metallization of the edges of the head face
may be missing (inner electrodes are not visible)

AC/C class 1:0.5% or 0.5 pF
and
AC/C class 2:>-5% and <10%

MEA612

260\

(°c) LEACHING
240 (DISSOLUTION > 10 %)
\

N

220 N
NQ LEACHING \

200 P

0 100 200 300 400 500
t (s)

Fig.8 Resistance to leaching of Ag/Pd
metallized terminations (in static solder bath) at
various temperatures; for Ni/Sn metallized
terminations, the leaching resistance is a factor
of 10 times better than shown in the graph.
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Surface mounted ceramic

General data

multilayer capacitors
TESTS AND REQUIREMENTS
IEC/CECC test clause
IEC CECC | IEC
38410 | 32 100 | 68-2 TEST PROCEDURE REQUIREMENTS
PARA. PARA.
4.4 mounting the capacitors may be no visible damage
mounted on printed-circuit
boards or ceramic substrates
by applying wave soldering,
reflow soldering (including
vapour phase soldering) or
conductive adhesive
4.5 visual inspection and any applicable method in accordance with

dimension check

using x 10 magnification

specification

end face

CECC 32 100, para 4.4
conditions: bending
1 mm at a rate of 1 mm/s

4.6.1 capacitance class 1: within specified tolerance
C <1000 pF, f=1MHz;
C > 1000 pF, f=1kHz;
measuring voltage
1Vat20°C
class 2: measured 1 000 hours
for all capacitors f = 1 kHz after date of manufacture
462 tan § class 1: in accordance with
C <1000 pF, f=1MHz; specification
C> 1000 pF, f=1kHz;
measuring voltage
1Vat20°C
class 2:
for all capacitors f = 1 kHz
46.3 insulation resistance at U, (DC) for 1 minute in accordance with
specification
46.4 voltage proof 2.5 x Ug for 1 minute no breakdown or flashover
471 class 1 between minimum and in accordance with
temperature coefficient maximum temperature specification
4.7.2 class 2 X7R, between minimum and | in accordance with
temperature characteristic | maximum temperature specification
4.8 adhesion aforce of 5 N applied to the | no visible damage
line joining the terminations
and in a plane parallel to the
substrate
4.9 bond strength of plating on | mounted in accordance with | no visible damage

AC/C:
class 1;<1%
class 2;<10%

April 1993
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Surface mounted ceramic

General data

multilayer capacitors
IEC/CECC test clause
IEC CECC | IEC
38410 | 32 100 | 68-2 TEST PROCEDURE REQUIREMENTS
PARA. PARA.
4.10 Tb resistance to soldering heat | 2605 °C for 10 0.5 s the terminations shall be

resistance to leaching

260t5°Cfor30t1sina
static solder bath

well tinned after recovery

AC/C:

class 1;<0.5% or £0.5 pF
whichever is greater

X7R;

>-5% and <10%

using visual

enlargement of x 10,
dissolution of the
terminations shall not
exceed 10%

4.11 Ta solderability zero hour test, and test after | the terminations shall be
storage (20 to 24 months) in | well tinned
original packing in normal
atmosphere;
unmounted chips completely
immersed for 2 +0.5 s in a
solder bath at 235 +0.5 °C

412 Na rapid change of pre-conditioning: no visible damage after

temperature class 2 only 24 hours recovery:
-55/+125 °C; 5 cycles AC/C:
class 1;<1% or 1 pF
X7R; <15%

413 climatic sequence pre-conditioning
class 2 only

4.13.3 Ba dry heat 16 hours at maximum no visible damage
temperature

4.13.4 Db damp heat accelerated, 24 hours at +55 °C; 100% RH

1 cycle

4.13.5 Aa cold 2 hours at minimum no visible damage

temperature
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Surface mounted ceramic
multilayer capacitors

General data

IEC/CECC test clause

IEC CECC | IEC
384 10 | 32 100 | 68-2

PARA. PARA.

TEST

PROCEDURE

REQUIREMENTS

4.13.6 Db damp heat accelerated,

remaining cycles

5 cycles of 24 hours duration
at +55 °C; 100% RH

after recovery;
class 1, 1to 2 hours
class 2, 24 hours

AC/C:

class 1;+2% or 1 pF
whichever is greater
X7R; <15%

tan &:

class 1;

<2 x specified value
X7R; <7%

Ris:

class 1;

2500 MQ or RC 225 s,
whichever is less

X7R;

1000 MQ or RCy 225 s,
whichever is less

4.14 Ca damp heat, steady state

pre-conditioning

class 2 only

56 days at 40 °C;

90 to 95% RH; Uy applied

no visible damage;
electrical checks shall
comply with

CECC 32 100, para 4.13.6

4.15 endurance

pre-conditioning class 2 only
1 000 hours at maximum
temperature at 1.5 x Uy

no visible damage
after 24 hours recovery

AC/C:

class 1;+2% or 1 pF
whichever is greater
X7R; <20%

tan &:

class 1;

<2 x specified value
X7R; <7%

whichever is less

X7R;

2000 MQ or RC, 250 s,
whichever is less

CECC 32101 - 801 damp heat accelerated,

85 °C; 85% RH;

Rys shall not be less than

steady state 500 hours with bias 10% of the initial
1.5 Vand Uy requirement
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Philips Components

Leaded ceramic multilayer capacitors General data

PACKING

The monolithic ceramic capacitors are supplied in various packaging formats. The packaging format, product type and
standard package quantity is given in Table 1.

Table 1
SMALLEST | STANDARD PACKAGE DIMENSIONS
PR.?Y?,%CT FORMAT FIG. AFFsE';:;' D PACKAGE PACKAGE (max.)
QUANTITY | QUANTITY L w H
(mm) | (mm) | (mm)
Mono-axial™ | reel 5 17, 18, 26 5000 20000 333 333 31
reel 5 29, 40 2500 10 000 333 333 31
Mono-glass™ | reel 5 17,25 5000 20 000 333 333 31
reel 5 30 2500 10 000 333 333 311
Mono-kap™ bulk - 15, 20, 30 1000 20 000 365 286 213
bulk - 40 500 10 000 365 286 213
reel 4 15, 20, 30 2500 12 500 333 333 260
reel 4 40 2000 10 000 333 333 260
ammunition 3 all 2000 10 000 338 240 210
Mono-pak™ | magazine 6 26 200 20 000 537 183 152
Notes

Figures 1 and 5:

Maximum 0.1% of the total number of capacitors per reel may be missing. A maximum of 1 consecutive vacant
position is followed by 6 consecutive components.

Tape begins and ends with minimum of 60 empty positions (300 mm tape).
Maximum of 5 splices per reel.

For L and D dimensions refer to Mono-axial™ and Mono-glass™ size chart.
Figures 2, 3 and 4:

Maximum 0.5% of the total number of capacitors per reel may be missing. A maximum of 2 consecutive vacant
positions is followed by 6 consecutive components.

Tape begins and ends with minimum of 24 empty positions (300 mm tape).
Maximum of 5 splices per reel.

Cumulative pitch tolerance over 20 consecutive units not to exceed 1.0 mm.
Lead space (F) shall be measured at 3.6 £0.5 mm from the unit seating plane.
Figure 6:

Only 1 size compartment.

Tubes are treated with Anti-Static.
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Leaded ceramic multilayer capacitors

General data

CAPACITORS ON TAPE, LEAD PITCH 5.08 and 2.54 mm

P

H

Ah

] [.%1[.'3

- F-»{

Hq

oo

See Table 2 for dimensions.

LN

— Do‘——’i"—d

direction of unreeling

detail A

Fig.1 Capacitors, 5.08 and 2.54 mm, on tape.

MGA346 - 1
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Leaded ceramic multilayer capacitors

General data

Table 2
DIMENSIONS
SYMBOL PARAMETER METRIC ENGLISH
(mm) (inch.)
L cut off length 11 max. 0.443 max.
L, lead end protrusion 2 max. 0.079 max.
H height to seating plane 16 min. 0.630 min.
Ho height to seating plane (formed leads) |16 £0.5 0.630 +0.020
H, top of component height 32 max. 1.260 max.
Ah body inclination 0.0 1.0 max. 0 +0.039 max.
w carrier tape width 18 i—é (5) 0.709 tgggg
W, hold down tape width 15 ref. 0.591 ref.
ition . +0.

W, sprocket hole pos 9 +_()J;> 0.354 _8828
F (e =2.54 mm) 1e lead space 254 tgg 0.100 fggfg

2e lead space 5.08 1—83 0.200 tggfg
P, sprocket hole pitch 12.7 +0.3 0.500 +£0.012
P, 1e sprocket hole centre to lead centre | 5.08 £0.7 0.200 +0.028

2e sprocket hole centre to lead centre | 3.85 +0.7 0.151 +0.028
D, sprocket hole diameter 410.3 0.157 £0.012
t overall tape thickness 0.9 max. 0.035 max.
d wire lead diameter 0.5 +0.05 0.02 10.002
P taping pitch 12.7 ref. 0.500 ref.
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Leaded ceramic multilayer capacitors

General data

direction
of arbor hole

unreeli
"o o281

Dimensions in mm.

Fig.2 Reel with capacitors on tape.

Dimensions in mm.

Fig.3 Ammunition packing with capacitors on tape.
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Leaded ceramic multilayer capacitors

General data

: l .
; ] it
! H I
i 1 ALt
; I | d
= =4
n (R
P % I — 5
i i :
; I
: L .
s I |
!l je— S :
g czz i -:—:————J
L B L_ T—i MGA347
See Table 3 for dimensions.
Fig.4 Capacitors on tape.
Table 3
DIMENSIONS
SYMBOL PARAMETER METRIC ENGLISH
(mm) (inch.)
B inside tape spacing 52.4 +1.5 2.062 +0.059
C centre 0.8 +0.031
P cumulative pitch, 6 consecutive components | +1.5 +0.059
A components pitch 5+0.5 0.197 £0.015
M lead bend 1.2 max. 0.047 max.
S exposed adhesive 0.8 max. 0.031 max.
T tape width 6.35 nom. 0.250 nom.
H lead sandwich 3.96 min. 0.156 min.
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Leaded ceramic multilayer capacitors

General data

5.6
max

direction
o

f
unreelini/

arbor hole
g 28+1

MGA351 - 1

Dimensions in mm.

Fig.5 Reel with capacitors on tape.

Dimensions in mm.

Fig.6 Capacitors in magazine.
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Leaded ceramic multilayer capacitors General data
CHARACTERISTIC CURVES
0.4 MSAE47
ACIC I~~~ //
(%) ‘\\.\\\ L+
™~ L+
° LT \\
/,//’ N
=" S~
-0.4
-08
-50 -25 0 25 50 75 100 T (°C) 125

Fig.7 Typical capacitance change with respect to temperature for COG/NPO.
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Fig.8 Typical capacitance change with respect to temperature for Z5U.
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Leaded ceramic multilayer capacitors General data
40 MSA650
AC/C
(%)
|+ ~—~ ///
° e T 1 N
-40
-80
-50 -25 0 25 50 75 100 T (%) 125

Fig.9 Typical capacitance change with respect to temperature for X7R.

40 MSA648
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(%)

0
N
/1 X\
//
-a0 // N
/| N
§% DY
L1 ]
-80
-50 -25 0 25 50 75 100 1 o 125

Fig.10 Typical capacitance change with respect to temperature for Y5V.
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Leaded ceramic multilayer capacitors

General data

20 MSAB51
ac/c
(%) P e i
0 Z‘\ ~ ~ e —— NPO/COG
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Fig.11 Typical capacitance change with respect to DC voltage.
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Fig.12 Typical capacitance change with respect to frequency.
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Leaded ceramic multilayer capacitors General data

TESTS AND REQUIREMENTS

Ciass 1 capacitors

After manufacture, each capacitor is checked on capacitance, tan 8 and test voltage. Apart from this the following

quality checks are carried out by frequent inspections.

Essentially all tests mentioned in the schedule of IEC publication 384-8, category 55/125/21 (temperature range
-55/+125 °C; damp heat, long term, 21 days) are carried out along the lines of IEC publication 68.

IEC 68-2
IEC 384-8 PERFORMANCE
TEST NAME OF TEST CONDITIONS
CLAUSE METHOD REQUIREMENTS
4.4 robustness of
terminations
pull-off pull velocity 15 cm/minute; no wire breakage
load 5N
Ua, tensile strength axial force 10 N no wire breakage
Ub bending load 5 N; 4 x 90° no wire breakage
4.6 Ta solderability 235°C;2s good tinning
method 1 (soider bath)
4.5 Tb resistance to 260°C; 10s no visible damage
method 1A soldering heat AC/C: £ <0.5% or 0.5 pF
after 1 to 2 hours
4.7 Na rapid change of 30 minutes -55 °C no damage after 24 hours
temperature 30 minutes +125 °C; AC/C: +<0.5% or 0.5 pF
5 cycles
4.8 Fc vibration 10-55-10 Hz; no visible damage
0.75 mm displacement;
3 directions; 6 hours
4.9 Eb bump 4 000 bumps in 2 directions; no visible damage
40 g; pulse time 6 ms
inflammability 15 s; 35 mm above bunsen self-extinguishing within 15 s
burner with flame-height after removal of bunsen
40-60 mm burner
4.3 temperature between +20 and -55 °C, and | within tolerance as specified
coefficient between +20 and +125 °C for each particular material
4.1 climatic sequence
4.11.2 B dry heat 16 hours; +125 °C no visible damage
4113 Db damp heat (accel.) 12 hours; +55 °C; after recovery of 1-2 hours
1st cycle 90 to 96% R.H. immediately followed by cold
12 hours; +25 °C; test
95 to 100% R.H.
4114 A cold 2 hours; -55 °C no visible damage
4115 M low air pressure 1 hour at 8.5 kPa, last no breakdown or flashover
2 minutes rated voltage
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Leaded ceramic multilayer capacitors General data
IEC 68-2
IEC 384-8 PERFORMANCE
CLAUSE TEST NAME OF TEST CONDITIONS REQUIREMENTS
METHOD
4116 Db damp heat (accel.) 12 hours; +55 °C AC/C: +<1% or 1 pF
remaining cycle 90 to 96% R.H. tan 3: <2 x specified tan &
12 hours; +25 °C; R, after 1-2 hours:
95 to 100% R.H. >5 000 MQ
4.12 Ca damp heat, steady |21 days; +40 °C AC/C: +<1% or 1 pF
state (half number 90 to 95% R.H. tan &: <2 x specified tan 3
of the lot at rated R, after 1-2 hours:
voltage, other half at >5 000 MQ
zero voltage)

4.13 endurance 1 000 hours at maximum AC/C: +<1% or 1 pF
temperature, at 1.5 x rated tan 8: <1.5 x specified tan &
voltage Rjs: >3 000 MQ

resistance to 3 minutes ultrasonic washing in | marking and colour code
solvents trichloroethylene; must remain legible and not
1 minute drying; 30 °C; be discoloured; no
10 brush strokes mechanical or electrical
damage or deterioration of
the material
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Leaded ceramic multilayer capacitors

General data

Class 2 capacitors

After manufacture, each capacitor is checked on capacitance, tan 8 and test voltage. Apart from this the following
quality checks are carried out by frequent inspections.

Essentially all tests mentioned in the schedule of IEC publication 384-9, categories 55/125/21, 10/85/21 and 25/85/21
respectively for X7R-ZC1, Z5U and Y5V-2F4 (temperature ranges -55/+125 °C, +10/+85 °C and -25/+85 °C; damp
heat, long term, 21 days) are carried out along the lines of IEC publication 68.

IEC 68-2
IEC 384-9 PERFORMANCE
TEST NAME OF TEST CONDITIONS
CLAUSE METHOD REQUIREMENTS
4.1 pre-conditioning 1 hour; +150 °C;
reference measurement after
24 hours
4.5 robustness of
terminations
pull-off pull velocity 15 cmy/minute; no wire breakage
load 5N
Ua, tensile strength axial force 10 N no wire breakage
Ub bending load 5 N; 4 x 90° no wire breakage
4.7 Ta solderability 235°C;2s goced tinning
method 1 (solder bath)
4.6 Tb resistance to Pre-conditioning: no visible damage
method 1A soldering heat 260°C;10s AC/C after 24 hours:
X7R: £<10%
Z5U, Y5V: £ <20%
4.8 Na rapid change of pre-conditioning: no damage
temperature for X7R: -55/+125 °C; 5 cycles | A C/C after 24 hours:
for Z5U: +10/+85 °C; 5 cycles | X7R: +<10%
for Y5V: -30/+85 °C; 5 cycles | Z5U, Y5V: + <20%
4.9 Fb vibration 10-55-10 Hz; no visible damage
0.75 mm displacement;
3 directions; 6 hours
410 Eb bump 4 000 bumps in 2 directions; no visible damage
40 g; pulse time 6 ms
inflammability 15 s; 35 mm above bunsen self-extinguishing within 15 s
burner with flame-height after removal of bunsen burner
40-60 mm
resistance to 3 minutes ultrasonic washing | marking and colour code must
solvents in trichloroethylene; remain legible and not be
1 minute drying; 30 °C; discoloured; no mechanical or
10 brush strokes electrical damage or
deterioration of the material
412 climatic sequence
4121 pre-conditioning 1 hour; +150 °C
4.12.2 Ba dry heat 16 hours at maximum no visible damage
temperature
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Leaded ceramic multilayer capacitors

General data

IEC 68-2

IEC 384-9 PERFORMANCE
CLAUSE TEST NAME OF TEST CONDITIONS REQUIREMENTS
METHOD
4123 Db damp heat (accel.) |12 hours; +55 °C; no visible damage; after
1st cycle 90 to 96% R.H. recovery of 1-2 hours
12 hours; +25 °C; immediately followed by cold
95 to 100% R.H. test
4.12.4 Aa cold 2 hours at minimum no visible damage
temperature
4.12.5 M low air pressure 1 hour at 8.5 kPa, last no breakdown or flashover
2 minutes rated voltage
4.12.6 Db damp heat (accel.) |12 hours; +55 °C; after 24 hours recovery:
remaining cycle 90 to 96% R.H. AC/C:
12 hours; +25 °C; X7R: £ <15%
95 to 100% R.H. 25U, Y5V: £ £20%
tan 8: <7%
R >1 000 MQ
413 Ca damp heat, steady | pre-conditioning: no visible damage;
state (half number |21 days; +40 °C; after 24 hours:
of samples at rated |90 to 95% R.H. AC/C:
voltage, other half | pre-conditioning X7R: £ <15%
of samples no Z5U, Y5V: £ <30%
voltage applied) tan 8: <7%
Ri.s: >1 000 MQ
4.14 endurance Pre-conditioning: after 24 hours:
1 000 hours (IEC) at AC/C:
maximum temperature, X7R: £ <20%
at 1.5 x rated voltage 25U, Y5V: £ <30%
tan &: <7%
R >2 000 MQ
4.4 temperature pre-conditioning: in accordance with
characteristic minimum and maximum specification
temperature
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Leaded ceramic muitilayer capacitors

FEATURES

¢ High capacitance per unit volume
e Low cost.

APPLICATIONS

These conformally coated radial
leaded capacitors are designed for
commercial and industrial
applications in three dielectrics,
COG (ultra-stable), X7R (stable) and
Z5U (general purpose). Applications
include timing, coupling/decoupling,
signal comparison and biasing.
Mono-axial™ capacitors are suitable
for automatic insertion equipment.

DESCRIPTION

The basic capacitor construction
consists of ceramic dielectric
materials processed into a tape with
a typical thickness range

from 0.025 to 0.076 mm. Metal
electrode patterns are applied using
a thick film screening process.
Muitiple layers are stacked and

Product specification

Mono-axial™ series

MGA331

Fig.1 Component outline.

laminated in such a manner that
electrodes are alternately exposed
when the pattern is cut into
individual chip capacitors. The
capacitors are fired through a high
temperature profile to mature the
ceramic and metal into a
homogeneous unit. Metal end

terminations are applied and fired to
provide electrical connection
between the individual layers.
Tinned leads are attached using a
solder. Encapsulation consists of a
moisture resistant gold colour
conformal epoxy coating that meets
the flame requirements of UL94V-0.

QUICK REFERENCE DATA

Parameters 2222 740 series 2222 741 series 2222 742 series
Capacitance range 10 pF to 5 600 pF 220 pF to 0.33 uF 0.01 pF to 0.56 uF

(E12 series) (E12 series) (E12 series)

Rated DC voltages 50V, 100 V 50V, 100 V 50V, 100V
Tolerance on capacitance | +5%; +10% +10%; +20% +20%; —20%/+80%
Temperature coefficients NPO X7R Z5U
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Leaded ceramic multilayer capacitors

Mono-axial™ series

MECHANICAL DATA

lead (2x)

diameter

6.35 mm wide
carrier tape

L 52.37
' +1.57 MGA333
Dimensions in mm.
Fig.2 Tape carrier.
Table 1 Capacitor dimensions (note 1)
LENGTH DIAMETER APPROX.
SIZE MASS
(max.) (max.)
(9)
17 4.32 2.54 0.14
(0.170) (0.100)
18 4.32 3.05 0.14
(0.170) (0.120)
26 6.60 2.54 0.16
(0.260) (0.100)
29 7.37 3.81 0.23
(0.290) (0.150)
40 10.16 381 0.24
(0.400) (0.150)
Note
1. Dimensions between brackets are in inches.
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Leaded ceramic multilayer capacitors

Mono-axial™ series

PACKING

Refer to the General section for Leaded Ceramic Multilayer Capacitors.

Table 2 Ordering information (note 1)

2222 740 ..... 2222 741 ... 2222 742.....

CAPACITANCE

TOLERANCE NPO X7R Z5

50 V 100V 50V 100V 50V 100V

5% 09... at.. Z Z Z Z
+10% 10.. 42.. 10... 42.. - -
+20% - - .. 43.. .. 43.
—20/+80% - - - - 12.. 4a...
Note

1. Catalogue number to be completed by adding code for required series and capacitance, see Tables 3, 4 and 5.

Marking

Capacitance value (CCC T)

10 pF to 99 pf: actual value in pF
(2 digits only)

100 pF and above: coded
capacitance value
(same as used in P/N)

Tolerance (CCC T)
Standard EIA tolerance
{same as used in P/N)

Material code (M V)
Standard EIA TC code
A=COG
C=X7R
E=2Z5U

Voltage code (M V)
Standard EIA voltage code
1=100V

—
- {

<>
ccceT

MV
DDDD

I
—

MGA332

Fig.3 Markings on the body.

5=50V
Date code (DDDD)

Four digit code: first two digits
denote year, last two denote
week of manufacture.
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Leaded ceramic multilayer capacitors

Mono-axial™ series

ELECTRICAL CHARACTERISTICS

Capacitors with temperature coefficient NPO. The capacitors meet the essential requirements of EIA-198. Unless
stated otherwise all electrical values apply at an ambient temperature of 25 £3 °C, at barometric pressures
of 650 to 800 mm of mercury, and relative humidity not to exceed 75%.

Capacitance range
at 1 MHz, 1 V; where C <1 000 pF
at 1 kHz, 1 V; where C >1 000 pF

10 pF to 5 600 pF

Tolerance on the capacitance

+5%, +10%

Rated DC voltage

50V, 100V

DC test voltage; duration 1 minute

250% of rated voltage

Insulation resistance at rated voltage

100 GQ or 1 000 MQ x pF, whichever is less at 25 °C

Temperature coefficient of the capacitance 0 ppm
Tolerance on the temperature coefficient +30 ppm
Dissipation factor <15 x 10
at 1 MHz, 1 V; where C <1 000 pF
at 1 kHz, 1 V; where C >1 000 pF
Operating temperature range -55to +125 °C
Storage temperature range -55 to +85 °C
Table 3 Range of values for 2222 740 .....
CAPACITANCE SIZE SUFFIX OF
VALUE (see Table 1) CATALOGUE NUMBER
(PF) 50V 100V (see Table 2)
10 ..109
to 17 17 to
82 ..829
100 ..101
to 17 17 to
820 ..821
1 000 17 18 ..102
1200 18 18 .122
1 500 18 26 .152
1800 18 26 ..182
2200 26 26 .222
2700 26 29 ..272
3300 29 29 ..332
3900 29 40 ..392
4700 40 40 ..472
5 600 40 - ..562
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Leaded ceramic multilayer capacitors Mono-axial™ series

Capacitors with temperature coefficient X7R. The capacitors meet the essential requirements of EIA-198. Unless
stated otherwise all electrical values apply at an ambient temperature of 25 +£3 °C, at barometric pressures
of 650 to 800 mm of mercury, and relative humidity not to exceed 75%.

Capacitance range at 1 kHz, 1V 220 pF to 0.33 uF
Tolerance on the capacitance +10%, £20%

Maximum capacitance variation with respect to +15%

capacitance value at 25 °C

Rated DC voltage 50V, 100V

DC test voltage; duration 1 minute 250% of rated voltage
Insulation resistance at rated voltage 100 GQ or 1 000 MQ x pF, whichever is less at 25 °C
Dissipation factor at 1 kHz, 1V <2.5%

Operating temperature range -55to +125 °C

Storage temperature range -55 to +85 °C

Ageing typical, 1% per time decade

Table 4 Range of values for 2222 741 .....

CAPACITANCE SIZE SUFFIX OF
VALUE (see Table 1) CATALOGUE NUMBER
(pPF) 50V 100V (see Table 2)
220 .221
to 17 17 to
820 .821
1 000 ..102
to 17 17 to
8200 ..822
10 000 ..103
to 17 17 to
22 000 ..223
27 000 .273
to 17 18 to
56 000 ..563
68 000 ..683
to 18 26 to
82 000 ..823
100 000 18 26 104
120 000 26 26 124
150 000 26 29 154
180 000 26 29 ..184
220 000 29 - ..224
270 000 29 - .274
330 000 40 - ..334
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Leaded ceramic multilayer capacitors

Capacitors with temperature coefficient Z5U. The capacitors meet the essential requirements of EIA-198. Unless
stated otherwise all electrical values apply at an ambient temperature of 25 +3 °C, at barometric pressures
of 650 to 800 mm of mercury, and relative humidity not to exceed 75%.

Capacitance range at 1 kHz, 0.5V 0.01 pF to 0.56 uF
Tolerance on the capacitance +20%, —20/+80%

Maximum capacitance variation with respect to -56/+22%

capacitance value at 25 °C

Rated DC voltage 50V, 100 V

DC test voltage; duration 1 minute 250% of rated voltage
Insulation resistance at rated voltage 100 GQ or 1 000 MQ x pF, whichever is less at 25 °C
Dissipation factor at 1 kHz, 0.5 V <4%

Operating temperature range 10 to 85 °C

Storage temperature range -55 to 485 °C

Ageing typical, 6% per time decade

Table 5 Range of values for 2222 742 .....

CAPACITANCE SIZE SUFFIX OF
VALUE (see Table 1) CATALOGUE NUMBER
(pF) 50 V 100V (see Table 2)
0.010 .103
to 17 17 to
0.027 .273
0.033 .333
to 17 18 to
0.082 ..823
0.10 17 26 ..104
0.12 18 26 .124
0.15 18 26 154
0.18 26 26 .184
0.22 26 29 .224
0.27 26 29 .274
0.33 29 40 .334
0.39 29 40 394
0.47 40 -~ 474
0.56 40 - '..564
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Leaded ceramic muitilayer capacitors

FEATURES

¢ High capacitance per unit volume

APPLICATIONS

These glass encapsulated axial
leaded capacitors are designed for
commercial and industrial
applications in three dielectrics,
COG (ultra-stable), X7R (stable) and
Z5U (general purpose). Applications
include timing, coupling/decoupling,
signal comparison and biasing.
Mono-glass™ capacitors are suitable
for automatic insertion equipment.

DESCRIPTION

The basic capacitor construction
consists of ceramic dielectric
materials processed into a tape with
a typical thickness range

from 0.025 to 0.076 mm. Metal
electrode patterns are applied using
a thick film screening process.
Multiple layers are stacked and
laminated in such a manner that

QUICK REFERENCE DATA

Product specification

Mono-glass™ series

Fig.1 Component outline.

electrodes are alternately exposed
when the pattern is cut into
individual chip capacitors. The
capacitors are fired through a high
temperature profile to mature the
ceramic and metal intoa
homogeneous unit. Metal end

terminations are applied and fired to
provide electrical connection
between the individual layers. These
units are glass encapsulated,
providing a hermetically sealed
capacitor.

Parameters 2222 737 series 2222 738 series 2222 739 series

Capacitance range 10 pF to 3 300 pF 100 pF to 0.22 pF 0.01 uF to 0.33 pF
(E12 series) (E12 series) (E12 series)

Rated DC voltages 50V, 100 V 50V, 100V 50V, 100 V

Tolerance on capacitance | +5%; +10% +10%; +20% +20%; —20%/+80%

Temperature coefficients NPO X7R Z5U
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Leaded ceramic multilayer capacitors Mono-glass™ series
MECHANICAL DATA
6.35 mm wide
0.5 di diameter carrier tape
.5 mm dia.
E lead (2)('? length _.—_l
=
52.37
- +1.57

Dimensions in mm.

Fig.2 Tape carrier.

Table 1 Capacitor dimensions (note 1)

LENGTH DIAMETER APPROX.
SIZE piel AET PPRO.
(9)
v 4.32 254 0.16
0.170) (0.100)
2 6.35 254 0.18
(0-250) (0.100)
» oy 3.81 0.26
(0.300) (0.150)

Note
1. Dimensions between the brackets are in inches.
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Leaded ceramic multilayer capacitors

Mono-glass™ series

PACKING

Refer to the General section for Leaded Ceramic Multilayer Capacitors.

Table 2 Ordering information (note 1)

2222 737 ..... 2222 738..... 2222 739.....
CAPACITANCE
TOLERANCE NPO X7R Z5U
. 50V 100V 50V 100V 50V 100V
+5% 09... 41... - - - -
+10% 10... 42... 10... 42... - -
+20% - - 11... 43... 1. 43...
-20%/+80% - - - - 12... 44...
Note

1. Catalogue number to be completed by adding code for required series and capacitance, see Tables 3, 4 and 5.

Marking

Capacitance value (CCC T)
10 pF to 99 pF: actual value in
pF (2 digits only)

100 pF and above: coded
capacitance value
(same as used in P/N)

Tolerance (CCC T)

Standard EIA tolerance
(same as used in P/N)

Material code (M V)
Standard EIA TC code
A=CO0G
C=X7R
E=25U

Voltage code (M V)
Standard EIA voltage code
1=100V
5=50V

Date code (DDDD)

Four digit code: first two digits
denote year, last two denote
week of manufacture.

April 1993
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Leaded ceramic multilayer capacitors

Mono-glass™ series

ELECTRICAL CHARACTERISTICS

Capacitors with temperature coefficient NPO. The capacitors meet the essential requirements of EIA-198. Unless
stated otherwise all electrical values apply at an ambient temperature of 25 +3 °C, at barometric pressures

of 650 to 800 mm of mercury, and relative humidity not to exceed 75%.

Capacitance range 10 pF to 3 300 pF
at 1 MHz, 1 V; where C <1 000 pF
at 1 kHz, 1 V; where C >1 000 pF
Tolerance on the capacitance 5%, +10%
Rated DC voltage 50V, 100V
DC test voltage; duration 1 minute 250% of rated voltage
Insulation resistance at rated voltage 100 GQ or 1 000 MQ x uF, whichever is less at 25 °C
Temperature coefficient of the capacitance 0 ppm
Tolerance on the temperature coefficient +30 ppm
Dissipation factor <15x 10
at 1 MHz, 1 V; where C <1 000 pF
at 1 kHz, 1 V; where C >1 000 pF
Operating temperature range -55to +125 °C
Storage temperature range -551t0 485 °C
Table 3 Range of values for 2222 737 .....
CAPACITANCE SIZE SUFFIX OF
VALUE (see Table 1) CATALOGUE NUMBER
(pF) 50V 100V (see Table 2)
10 ..109
to 17 17 to
82 ..829
100 ..101
to 17 17 to
270 .271
330 ..331
to 17 25 to
820 ..821
1000 17 25 .102
1200 122
to 25 30 to
2700 272
3 300 25 - ..332
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Leaded ceramic multilayer capacitors Mono-glass™ series

Capacitors with temperature coefficient X7R. The capacitors meet the essential requirements of EIA-198. Unless
stated otherwise all electrical values apply at an ambient temperature of 25 +3 °C, at barometric pressures
of 650 to 800 mm of mercury, and relative humidity not to exceed 75%.

Capacitance range at 1 kHz, 1V 100 pF to 0.22 uF
Tolerance on the capacitance +10%, +20%
Maximum capacitance variation with respect to +15%
capacitance value at 25 °C
Rated DC voltage 50V, 100 V
DC test voltage; duration 1 minute 250% of rated voltage
Insulation resistance at rated voltage 100 G or 1 000 MQ x pF, whichever is less at 25 °C
Dissipation factor at 1 kHz, 1 V <2.5%
Operating temperature range -55to +125 °C
Storage temperature range -55 to +85 °C
Ageing typical, 1% per time decade
Table 4 Range of values for 2222 738 .....
CAPACITANCE SIZE SUFFIX OF
VALUE (see Table 1) CATALOGUE NUMBER
(pF) 50V 100V (see Table 2)
100 ..101
to 17 17 to
820 ..821
1000 ..102
to 17 17 to
8 200 ..822
10 000 ..103
to 17 17 to
15 000 ..153
18 000 17 25 ..183
22 000 17 25 ..223
27 000 .273
to 25 25 to
47 000 ..473
56 000 ..563
to 25 30 to
82 000 ..823
100 000 25 30 ..104
120 000 25 - 124
150 000 ..154
to 30 - to
220 000 ..224
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Capacitors with temperature coefficient Z5U. The capacitors meet the essential requirements of EIA-198. Unless
stated otherwise all electrical values apply at an ambient temperature of 25 £3 °C, at barometric pressures
of 650 to 800 mm of mercury, and relative humidity not to exceed 75%.

Capacitance range at 1 kHz, 0.5V 0.01 pF t0 0.33 puF
Tolerance on the capacitance +20%, —20/+80%

Maximum capacitance variation with respect to ~56%/+22%

capacitance value at 25 °C

Rated DC voltage 50V, 100V

DC test voltage; duration 1 minute 200% of rated voltage
Insulation resistance at rated voltage 100 GQ or 1 000 MQ x pF, whichever is less at 25 °C
Dissipation factor at 1 kHz, 0.5 V <4%

Operating temperature range 10to 85 °C

Storage temperature range -55 to +85 °C

Ageing typical, 6% per time decade

Table 5 Range of values for 2222 739 .....

CAPACITANCE SIZE SUFFIX OF
VALUE (see Table 1) CATALOGUE NUMBER
(uF) 50V 100V (see Table 2)
0.010 .103
to 17 17 to
0.022 .223
0.027 .273
to 17 25 to
0.047 .473
0.056 ..563
to 17 30 to
0.082 ..823
0.10 17 30 ..104
0.12 25 30 .124
0.15 25 30 ..154
0.18 .184
to 25 - to
0.33 .334
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Leaded ceramic multilayer capacitors

FEATURES

o Very high capacitance per unit
volume

e Low cost.

APPLICATIONS

These conformally coated radial
leaded capacitors are designed for
commercial and industrial
applications in four dielectrics,
COG (ultra-stable), X7R (stable),
Y5V (general purpose) and

Z5U (general purpose). Applications
include timing, coupling/decoupling,
signal comparison and biasing.
Mono-kap™ capacitors are suitable
for automatic insertion equipment.

DESCRIPTION

The basic capacitor construction
consists of ceramic dielectric
materials processed into a tape with
a typical thickness range

from 0.025 to 0.076 mm. Metal
electrode patterns are applied using
a thick film screening process.
Multiple layers are stacked and
laminated in such a manner that
electrodes are alternately exposed
when the pattern is cut into
individual chip capacitors. The
capacitors are fired through a high
temperature profile to mature the

Product specification

Mono-kap™ series

e
Y
O
St T———T1 =
MGA336

Fig.1 Component outlines.

ceramic and metal into a
homogeneous unit. Metal end
terminations are applied and fired to
provide electrical connection
between the individual layers.

Tinned leads are attached using a
solder. Encapsulation consists of a
moisture resistant gold colour
conformal epoxy coating that meets
the flame requirements of UL94V-0.

QUICK REFERENCE DATA
Parameters 2222 730 series 2222 731 series 2222 732 series 2222 733 series
Capacitance range 10 pF to 0.1 pF 100 pFto 2.2 pF 1 000 pF to 3.3 uF | 1000 pF to 3.3 uF
(E12 series) (E12 series) (E12 series) (E12 series)

Rated DC voltages 50V, 100V 50V, 100V 50V, 100V 50V, 100 V
Tolerance on capacitance +5%; £10% +10%; $20% +20%; —20%/4+80% | £20%; —20%/+80%
Temperature coefficients NPO X7R Y5V Z5U
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Leaded ceramic multilayer capacitors Mono-kap™ series

MECHANICAL DATA

5.08+0.8
Dimensions in mm. Dimensions in mm.
Fig.2 Component outline for pitch 2.54 £0.8 Fig.3 Component outline for pitch 5.08 £0.8
(straight wires). (flat bent wires).
W -

10.16 £0.8

Dimensions in mm.
Dimensions in mm.

+0.6

Fig.5 Component outline for pitch 2.54 " '/

Fig.4 Component outline for pitch 10.16 £0.8
(straight wires). (outside kink wires).
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Leaded ceramic multilayer capacitors Mono-kap™ series

Dimensions in mm.
Lead style available on request.

Fig.6 Component outline for pitch 5.08 fgg

(outside kink wires).

Table 1 Capacitor dimensions (note 1)
SEATING HEIGHT APPROX
w H T -
SIZE | max) | (max) | (max) | FIG2 | FIG3 | FIG4 | FIG5 | FIG.6 MASS
(max.) | (max) | (max) | (max) | (max.) (9
15 3.81 3.81 2,54 5.38 6.35 - 6.99 6.99 0.15
(0.150) (0.150) (0.100) (0.212) (0.250) (0.275) (0.275)
20 5.08 5.08 3.18 6.65 7.62 - 8.26 8.26 0.16
(0.200) | (0.200) | (0.125) | (0.262) | (0.300) (0.325) | (0.325)
30 7.62 7.62 3.81 - 10.16 - - 10.80 0.42
(0.300) (0.300) (0.150) (0.400) (0.425)
40 10.16 10.16 3.81 - 12.70 12.70 - 13.34 0.94
(0.400) | (0.400) | (0.150) (0.500) | (0.500) (0.525)
Notes
Thickness defined as T.

Bulk packed products have a standard lead length (L) 25.4 mm.

1. Dimensions between the brackets are in inches.
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PACKING
Refer to the General section for Leaded Ceramic Multilayer Capacitors.

Table 2 Ordering information (notes 1 and 2)

BULK ON TAPE ON TAPE IN
PITCH Ll;:'? %\E FIG. PACKED FiGc. | ONREEL | fig. | AMMOPACK
50V | 100V 50V 100V 50V | 100V
2.54 0.4 +5% 2 | ot. | s3. | - - - - - -
(0.1) (0.016)  |+10% 2 02.. | 34.. - - - - - -
(note 3) +20% 2 loa. |as. | - | - | - | - | - -
-20/+80% | 2 | 04.. | 36.. | - - - - - -
254 0.5 +5% 2 | o5. |37 | 5 [o9.]a1..] 5 [13.] 45..
(0.1) (0.020) | +10% 2 | 06.. | 3s.. 5 |10..]|42.] 5 |14. | 46..
(note 4) +20% 2 |o7. |30 | 5 |11.|4a.| 5 |15.] 47..
-20/+80% | 2 | o08.. | 40.. | 5 |12.|44.| 5 | 16..| 48..
5.08 0.5 +5% 3 | 17.. [ 49.. | 3<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>