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MK Capacitors




General Technical Information

1. General

Metallized plastic capacitors — briefly MK capacitors — are outstanding for their self-heal-
ing property. The dielectric of these capacitors consists of plastic films onto which metal
layers of approximately 0.02 to 0.05 pm are vacuum-deposited. The metallized films are
either of wound construction in tubular or flattened form or arranged in the more recent
stacked construction.

A hot metal spray technique is used for making electrical contact to the edges of the metal-
lized winding. This ensures low loss and low inductance characteristics of the finished
capacitor.

MK capacitors comply with VDE specification 0560, part 1, and DIN standard 44 110 as
well as with the standard sheets for the individual capacitor types.

2. Self-healing

The electric arc, which occurs with voltage breakdown of the dielectric, evaporates the
metallization in the area of the breakdown without impairing the dielectric. This results in
effectively isolating the region of the failure. The time necessary for the self-healing pro-
cess is less than 10 psec. Since only fractions of the energy stored in the capacitor are dissi-
pated in the self-healing process, the potential drop remains accordingly low. The capaci-
tor design ensures that self-healing processes occur only occasionally, even when the
parameters of continuous maximum voltage and maximum limit temperature apply; statis-
tica] measurements with MKL capacitors reveal that approx. 0.18 self-healing processes
are to be expected per year and per uF. The capacitance variation would therefore be less
than 1 % after 103 breakdowns. The self-healing characteristic is independent of main-
taining the specified limit conditions, and can even be effective at low voltage ratings
where electrochemical action takes presidence.

3. Types
Metallized plastic ~ MK ~ capacitors are distinguished by their dielectric materials:

MKL capacitors comprising lacquer films (cellulose acetate) as dielectric and vacuum
’ deposited metal layers. In accordance with DIN 41379 these are
designated MKU') capacitors.

MKT?') capacitors comprising polyethyleneterephthalate (trade name e.g. Hostaphan®,
Mylar®, etc.) as dielectric and vacuum-deposited metal layers.

MKC') capacitors comprising polycarbonate (trade name Makrofol®) as dielectric and
vacuum-deposited metal layers.

MKP1) capacitors comprising polypropylene as dielectric and vacuum-deposited metal
layers.

MKY capacitors self-healing capacitors with highly insulating, low loss dielectric
and metallized films as electrodes.

" Designation in accordance with the German DIN standard 41 379.



Figure 1 shows characteristic curves ¢i the main metallized film capacitors.
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5.1.4. Moisture dependence

The capacitance of sealed capacitors is not subject to moisture under environmental
climatic conditions.

With non-hermetically sealed capacitors, the operation at high relative humidity causes an
increase in capacitance and a decrease in insulation resistance since the capacitor or
the layer package has absorbed moisture, particularly when the relative humidity of the
permitted climatic category is prolonged. These variations due to moisture are reversible.

5.1.5. Frequency dependence

Since the dielectric constant of the plastic films is frequency dependent, the capacitance
decreases with increasing frequency. An example of this interdependence is shown for
MKT capacitors in Fig. 2.
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5.2.5. Inherent temperature rise, permissible efficiency

When capacitors are operated at non-sinusoidal ac voltage or at sine voltage load of higher
frequency, the inherent temperature rise and the pulse handling capability (see para
5.2.6.) must be taken into account.

The inherent temperature rise (Ad) of a capacitor can be calculated from the power dissi-
pation (N,) occurring during operation and the capacitor surface (F) according to the fol-
lowing formula:

_ N, (mW)
Ad(K) = F(cm2) x B
mW
h =1—-" i .
whereby 8 =1 K x om? for a plastic case

The capacitor’'s power dissipation (Ny) at a sine voltage load of higher frequency is
calculated according to:

N, = U2 x 21 x C x tan g
whereby C = capacitance in F

Urns = rms voltage in V

f = frequency in Hz

tan &, = dissipation factor at frequency f
N, = power dissipation in W.

A non-sinusoidal ac voltage is to be disintegrated into its sine portions by a Fourier's analy-
sisand the power dissipation is calculated as the sum of the individual power dissipation of
each sine portion.

Executing the Fourier's analysis requires a dimensioned voltage/time diagram.

N\ U

- m cr

Uy U, :

| N
——hL;l ! —={1 1‘2*’}
L, e

Examples for dividing a non-sinusoidal voltage into approximately sinusoidal parts to cal-
culate the power dissipation for a capacitor.

For some types, the limiting loads are specified by a nomogram for the permissible peak
voltage U. Taken into account are:

- Repetition frequency

- Pulse shape

— Rise and/or fall time of the voltage edges
— Inherent temperature rise by about 10 K
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5.3. Dissipation factor

Thedissipation factortan distemperature and frequencydependentand rises withincreas-
ing frequency and increasing capacitance. It mainly depends on the dielectric losses and
the contact resistance of the leads.

The ohmic resistance of the leads is kept especially low and constant due to the contacting
method used. For detailed data refer to the individual data sheets.

5.4. Insulation

The insulation of a capacitor is indicated either as a resistance value R,;in MQ or as a time
constant 7 in seconds = MQ X pF.

It consists of the insulation resistance of the dielectric (layer to layer) and the insulation
resistance between layer and case, which is determined by the quality of the insulating
material (plastic case, moulding material, lead-throughs etc.) and by the length of the sur-
face leakage paths.

Because of the high quality of the insulating materials used for metallized film capacitors,
the insulation resistance of the dielectric materials is unaffected.

The insulation resistance is the ratio of dc voltage applied to the current, flowing after a
defined period. The current flowing after a constant dc voltage has been applied, isdepen-
dent on temperature, voltage, and time. It is made up from the charging, recharging and
leakage currents (definition in accordance with VDE 0560, part 1, § 11).

In order to determine the limit values the following conditions are specified: The current
shall be measured after the voltage has been applied for 1 minute at 23°C/73.4 °F and a
relative humidity = 65 %.

Measuring voltage for:
Capacitors with Uy ‘ <100V =100V
Measuring voltage | 10V 100V

The insulation resistance for more than 95 % of all capacitors lies far above the stated mini-
mum value at delivery. The average value is, therefore, also indicated in the data sheets.

During the service life the insulation resistance can temporarily decrease to about 10% of
the values at delivery, especially when the maximum permissible humidity (according to
the climatic category) is applied over a longer period or when the capacitor is used contin-
uously in the range of the maximum operating temperature.

5.5. Self inductance and impedance

The self inductance of metallized film capacitors depends on the inductance of their leads
and the winding. Because of the large contacting area by which all turns of the winding are
connected, the self inductance is especially low. The resonant frequency of a capacitor
results from its self-inductance and its capacitance.

13



6.2. Soldering conditions

As regards soldering heat tesfstance tests, the DIN and |EC standards specified on the
data sheets for the individual types apply. MK capacitors meet the solderability tests in
accordance with DIN |IEC 68, part 2-20.

When soldering the capacitors, the maximum temperature specified in section 6.1 may be
exceeded for a short time. The following precautions are recommended to keep the maxi-
mum capacitor temperature low during soldering and thus to assure a reliable long-term
behavior:

Maximum heating on the preheating path (flux dry path) up to 80 °C/176 °F
Soldering temperature = 245 °C/473 °F
Soldering time =4 sec

Quick cooling, e.g. by a fan, after the actual soldering, to minimize the post-heating effect
of the still liquid solder.

6.2.1. Resistance to cleansing solvents

Organic solvents consisting of alcohols or certain fluorocarbons or a mixture of both
groups are suitable to clean soldered-in capacitors from flux residues and similar residues.

Suitable solvents are, e.g.:

- Ethyl alcohol

— Isopropyl alcohol

— Trifluor trichloroethane

— Mixtures of the above-mentioned components

By no means should solvents or solvent mixtures be used which contain chlorinated car-
bons or ketones. This type of solvents may attack or corrode the capacitor or its sleeve.

15



General Technical Information

6.3. Mechanical robustness of terminations

The connecting leads are permitted to be bent at a distance not less than 1 mm from face
ends of the capacitor, unless restrictions for particular capacitor types are indicated on

the appropriate data sheets.

The terminals meet the requirements of DIN IEC 68-2-21.

Test Ua - Tensile

up to and including
exceeding

Cross-sectional Load
area of the wire

mm?2 N
0.8 10
0.8 20

Test Ub -~ Bending

Test Uc - Torsion of axial wires

Test Ud -~ Torque
of threaded bolts

Two bendings through 90°in the opposite direction.
The loading weight shallbe 5 N at=0.8 mm?
10N at>0.8 mm?2

Condition 2

Condition 1

M320.5Nm
M421.2Nm
M522 Nm

For cube-shaped types with parallel leads, the termination tests Ub and Uc are not ap-

plicable.

110 N = 1kp

17



7.2. Load duration

The load duration is the sum of:
® Working time
@ Intermittent time
@ Storage, testing and checking time at the user
@ Transport time
and is identified by the 5th code letter (see table).

4th code letter 5th code letter

Failure quota given in failures Load duration in hours
per 10° components hours

K 100 L 300 R 100000 S 30000
M 1000 N 3000 T 10000 U 3000

7.3. Relative failure rate

The relative failure rate is the ratio of the number of failed to the total number of
components and applies to the load duration indicated. It is the product of failure quota
and load duration.

The value quoted in the data sheets is an average value from investigations of a sufficiently
large number of components.

7.4. Failure quota

The failure quota is the ratio of failure rate and associated load duration and is indicated
in failures per 10° component hours. It is identified by the 4th code letter (see table in
section 7.2).

7.4.1. Failure criteria
For MK capacitors the following failure criteria are decisive.
Total failure: Short or open circuit

Failure due to variations exceeding or falling below the limit values given
in the data sheets for:

. AC

@ capacitance change <

® dissipation factor change A tan

@ insulation resistance

19



MK Capacitors

Packaging on continuous tapes

B 32071

General information

We provide taped versions with axial and radial leads tailored to automatic assembly of
equipment. Taping of MK capacitors with axial leads is based on IEC Publication 286-1;
taping of types with radial leads is done in accordance with the latest and probably final

state of the |IEC Standard.

Taped MK capacitors with axial leads

MKL capacitors of types B 32110 and B 32112 up to a maximum diameter of 18.7 mm are
preferably taped for automatic assembly.

Dimensions and tolerances

Z‘h——w ———-——---———— Tape length as required

ﬂ .Sl“*

. T T , 5 ,
b IEEEEEEREEEEEEEEEEE
b \i:i‘?!§>‘j"“A‘i:
,gf‘*;“‘m” SuSRRRRREREREREE

i RERRRERER BN
R AL T L
i D L
‘? [ ' 3!
Dimensions in mm
Rated Standard spacing - Tape spacing b | Window Kind of
diameter D between capacitors at tape width width of packing
Spacing s | Tolerance body
over 10 a =6=%1|a=9=%1 |location k
spacings As

mm mm mm mm

54..94 |10£0,5 +2
10,7..13,7 |15+0,75 |=+3 96+2 [93+2 |[/.+1.4mm gx‘;"o
15,7...18,7 |20+£1 +4 )
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MK Capacitors

Packaging on continuous tapes

B 32071

Tapes MK capacitors with radial leads

Stacked-film capacitors with lead spacings of LS 5, LS 7.5/5 (leads crimped to LS 5), as
well as LS 7.5 are particularly suitable for radial taping.

Dimensions and tolerances

A4h

Dimensions in mm

: . Dimensions at: Toler-

Designation Symbol S5 S75/5] LS75 ance Notes

Lead diameter d 0,5 0,6 0,6 + 0,05

Spacing hole center/ P, 3,80 3,80 3,80 + 0,65

lead center

Lead spacing (LS) F 5 5 75 + 0,6 | measured at
Lead spacing (LS’ F 75 - 0.1 |tape edge
Feed hole spacing Py 12,7 +0,2 |£1mm/20 X P,
Slope of capacitors 4 h 0 +2

Slope of capacitors 4 p 0 +1,3

Base width w 18 +0,5

Adhesive width Wo 6 +0,56

Spacing hole center/ w, 9 +0,5

upper tape edge

Position of adhesive tape W, 0,6 -3,0

Spacing hole center/ H 18 +2 depending on
lower component edge 16,5 +0,3 assembly system
Spacing hole center/

start of crimping or Hq 16,0 +0,5

bending

e e ige |

Hole diameter D, 4,0 +0,2

Tape thickness t 0,7 +0,2
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MK Capacitors

Packaging on continuous tapes

B 32071

Reel packing

AMMO pack

Dimensions in mm

25



MK Capacitors

Packaging on continuous tapes

B 32071

B 32510, lead spacing 7.5/5 or 7.5 mm

Capacitor!) Minimum order quantity = packaging unit (item)
Cr/Ug Reel packing AMMO pack
1 nF/400 V 2000 1900
1,5 nF/400V 2000 1900
2,2 nF/400V 2000 1700
3,3 nF/400V 2000 1800
4,7 nF/400V 2000 1900
6,8 nF/400V 2000 1700
10 nF/400 V 2000 1800
15 nF/400 V 1800 1500
10 nF/250 V 2000 1800
15 nF/250 V 2000 1900
22 nF/250 V 2000 1900
33 nF/250 V 1900 1600
47 nF/250 V 1600 1300
68 nF/250 V 1400 1100
0,1 uF/250V 1200 1000
68 nF/100 V 2000 1800
0,1 uF/100V 2000 1600
0,15 uF/100 V 1600 1300
0,22 uF/100 V 1200 1000
0,33 uF/100 V 1000 800
0,33 pF/ 63V 1600 1300
0,47 pF/ 63V 1400 1100
0,68 uF/ 63V 1100 900

') For dimensions refer to appropriate data sheet.
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Summary of Types

MKT Capacitors

Type B32231 B32520...529 | 5200
Rated capacitance (nF) 0.01to 10 0.01t0o 10 0.01t03.3.
Rated voltage (V dc) 100to 630 100t0 630 25010630
DIN climatic category GMG GME GMC

(DIN 40 040)

IEC climatic category 40/100/21 40/100/56 40/100/21
(IEC68)

Dimensions 45x75x14 4x95x13

dxlorbxhxl (0.18 x 0.30 x 0.55) (0.16 x 0.37 x 0.51) (177 x .315 x .591)
inmm to to to

(inches) 17.5 x 32.5 x 44 15 x 245 x 31.5

(0.69 x 1.28 x 1.73)

(0.59 x 0.96 x 1.24

(472 x 954 x 1.24)

Lead spacinginmm

20to 50

10t027.5

Design

Flatwinding withinsulating
sleeve, epoxy resin
sealedface ends,

central axial leads

Flatwinding inrectangular
plastic case, epoxy resin
sealedtoensure
resistance to humidity;
leads plug-inin the lead
spacing.

Flat winding with insulating
sleeve, epoxy resin
sealedface ends,

central axial leads

Particular features Standard version Standard version. Standard version
Figure
/
’
]
SF
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Summary of Types

MKC Capacitors MKC Capacitors

Type B32540 B32545
B32541

Rated capacitance (i.F) 0.001t00.47 0.001t00.1

Rated voltage 250 100to0 400

(Vdc) (Vac)

DIN climatic category FME FME/LR

(DIN 40 040)

|IEC climatic category 55/100/21 55/100/21

(IEC68)

Dimensions 26x73x9 4x10x 105

bxhx! (0.10 x 0.29 x 0.35) (0.16 x 0.39 x 0.41)

inmm to

(inches) 9.1 x115x 115

: (0.36 x 0.45 x 0.45)

Lead spacinginmm 7.5;10 7.5

Design Stacked-film Builtinto epoxy resin sealed
construction; plastic case, leads plug-in

tinned leads, plug-in
inthe lead spacing

the lead spacing

Particular features

Standard version

High reliability

Figure
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MKT Capacitors
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MKT Capacitors B 32520
...B 32529

MKT capacitors, standard version, in accordance with DIN 44112
Ur =63 t0 630 Vdc

Self-healing capacitor with polyethyleneterephthalate dielectric. Encapsulated inaflame-
retardant rectangular plastic case (in accordance with UL 94 V-0). Epoxy resin sealed for
humidity resistance. For improved solderability, the package is provided with spacers.
Connections: parallel leads, tinned, plug-in in the lead spacing. Particularly suited for
space-saving assembly at high packing density on any pc board.

Quality assessment according to CECC 30 400 for these capacitors will be applied for.

Capacitors with 5 mm and 7.5 mm lead spacing!), as well as capacitors with a lead spacing
of 7.5/56 mm?!) (leads crimped to a lead spacing of 5 mm) are also available on continuous
tape. For taping specifications and ordering code information refer to data sheet B 32 071.

r—lmcx. A_Ibmuxr_ / lLeadspacing"e"[ pd
|

} 7.5 5 0.5
x 10 7.5 0.6
E 13 10 0.6
N 18 15 0.8
27 22.5 0.8
i 31.5 27.5 0.8
w
e:04 ._..‘d__ f Dimensions in mm

DIN climatic category FME/LR

(DIN 40040)

Lower category temperature F - b55°C/-67°F

Upper category temperature M + 100°C/+212°F2)

Humidity category E average relative humidity = 75%;

95% on 30 days per year continuously;
85% on the remaining days occasionally;
rare, brief dew precipitation permitted

Failure quota L 300 failures per 10° component hours
Load duration R 10%h
Relative failure rate 300:107°-10% = 3%

At normal operational load, a failure
quota of 2 - 107%/h can be assumed.

Failure criteria
Total failure Short or open circuit

Failure due to variation Capacitance change A—CC >+10%

Dissipation factor tand >2X upper category values
Insulation resistance <150 MQ (=0.33 pF)
< 50 sec (>0.33 pF)

1) Available from' 1984
2) Shelf and service life at temperatures > 100 ... 125°C/212 ... 257°F, 1000 h max.,, Uz = 0.5 Ux.
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MKT Capacitors B 32 520
...B 32529
Rated voltage Uy 250 Vdc
Lead spacing LS 7.5 mm LS 10 mm LS 15 mm LS 22.5 mm LS 27.5 mm
Rated Tolerance K; J M; K; J
capacitance Dimensions bxhx/and ordering code
Cr B32520- B32521- B32522- B32523- B32524-
4x8.5x10
0.015 pF _A3153-*
4x8.5x10
0.022 pF ZA3223-*
4x8.5x10 4x9x13
0.033 F -A3333-" -A3333-*
0.047 yF _gxf;;f’.
4x9x13
0.068 pF _A3683-*
5.56x11x18
0.1 WF -A3104-"
+20% <M
5.56x11x18
0.15 uF +£10% =K .
¥ T 5%ay -A3154-
7x13x18
0.22 uF _A3224-*
7x13x18
0.33 uF ~A3334-*
7.3x16.5x27
0.47 uF M3474-*
7.3x16.5x27
0.68 uF -M3684-*
8.5x18.5x27
1 WF -M3105-
11.5x21x31.5
1.5 uF -M3155-*
11.56x21x31.56
2.2 yF -M3225-*
13.5x23x31.5
3.3 uF -M3335-*
15x24.5x31.5
4.7 F -M3475-*

* The code letter for the desired tolerance (refer to table) must be inserted in this position.
W Shipment for 1983 still in the dimensions: 4x10x10 (B 32535).
[ Preferred values
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MKT Capacitors B 32 520
...B 32529
Rated voltage U, 630 V dc
Lead spacing LS 156 mm LS 22.5 mm LS 27.5 mm
Rated Tolerance M; K; J1)
capacitance Dimensions bxhx/and ordering code
(o B32522- B32523- B32524-
5.5x11x18
0.033 uF —_M8333-*
7x13x18
0.047 uF _M8473-*
9x14.5x18
0.068 pF —M8683-*
7.3x16.5x27
01 vF -M8104-*
— +20% =M
- 8.5x18.5x27
0.15 F +£10% =K .
H T oBuad -M8154-
10.5x19x27
0.22 yF -M8224-*
11.5x21x31.5
0.33 uF _M8334_*
13.5x23x31.5
0.47 yF -M8474-*
15x24.5x31.5
0.68 uF -M8648-*

* The code letter for the desired tolerance (refer to table) must be inserted in this position.

1) Upon request
[T Preferred values
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MKT Capacitors B 32520

...B 32529
Category voltage U, ngc
at dc operation PO em— A\
versus temperature ¢ u. N\
500 : \\
|
400 400V ;
RN
0 250V :
200 -
2000 h max. 1.25 - Ug 100 10 ; :
63V l :
for milliseconds 1.50 - Ue % 20 40 60 80 100°C
(e.g. switchings) —=3
Category voltage U.)2) Vac
ac operation at 50 Hz ZSOL } T ;
versus temperature 9 U. | 630V } "
T 200 J , ‘\
wov | l \\ \
150 ) A
|
( |
100 I 250V |
f | {
| 100v P!
50 - |
v ‘QJI
I
0 L '
2000 h max. 1.25 - U, ° ® . © v,
Reversible .
. AC ]
capacitance change < Jc
versus temperature ¢ : <* JF_ ) T o
(typical values, b
measured at 1 kHz) | ) J
[
0
2
-4 — }
‘ ‘
R e
L | , .
% w0 W 0 © 4 & 8 10%c
—-

1) The sum of the dc voltage and the peak value of an ac voltage superimposed on the dc voltage may not exceed the
rated voltage.

2) Capacitors of the 630 V dc series can be used as 250 V ac line power parallel capacitors if itis ensured that voltage
peaks occurring occasionally during operation do not exceed 1000 V.
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MKT Capacitors : B 32520
...B 32529

Pulse handling capability (voltage rate of rise U,,/r and pulse characteristic k).

Maximum permissible voltage change per time unit for non-sinusoidal voltages (pulse,
sawtooth).

Rated
voltage LS5 LS 7.5 LS 10 LS15 | LS22.5|LS 275
Ur

U,p/Tin V/ps 80
63 Vde | i Ve/us | 10000

Uyp/Tin V/ps 50 35 25 2 1.5
100V de ko in V2/us 10000 | 7500 | 5000 400 300
250 Vdc | Uee/Tin V/ps 100 75 50 3 2.5
ko in V2/us 50000 | 35000 | 25000 | 1500 1250
400V dc | Yee/Tin V/ps 125 90 60 4 3
ko in V2/ps 100000} 75000 | 50000 | 3200 | 2400
Upp/Tin V/ps 10 7 5
630V de ko in V2/us 12600 | 8800 | 6300

Fora voltage deviation of U,,< Ui the value of the permissible voltage rate of rise U,,,/rcan
be multiplied by the factor Ug/U,,,. The data of the nomogram must be considered in the
case of periodic pulses. See also the calculation example in the Chapter “General Technical
Information”, para 5.2.6, Data Book “Metalized Plastic Capacitors”, 1982/83.

AC power handling capability at higher frequencies

The maximum permissible peak voltage U for sinusoidal and non-sinusoidal voltages
(pulse, sawtooth, trapezoidal voltages) can be determined from the nomogram.

The nomogram is based on 10°C inherent temperature rise of the capacitor; this must be
considered during operation with regard to the permissible upper category temperature.

The following limits may not be exceeded:
Rated voltage Uy | 63Vdc | 100Vdc | 250V dc | 400V dc | 630V dc
Limit voltage U, | ss5v | s8v [ 1a0v | 22av | 280V
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MKT Capacitors | B 32520
...B 32529

B 32520, LS 7.5 mm
Nomogram to determine the permissible peak voltage U

Determine the intersections P, and P, according to the plotted example. The intersection
of the line connecting P, with P, and the U scale gives the maximum permissible peak
voltage.

In case of a trapezoidal voltage load, the second harmonic frequency must be considered.
For a sinusoidal voltage load, the “sine” characteristic applies.

Ur=400V
1
Cr nF l I _L}/_
-15 t
22 ~7=320 s
83 1 \\ AN U: N/
t
47 1 \\ T f—
e \\ N 7=160ps
“10 224 \ N
Ur=250V 200 \ N
5 Vs \ 7=80ps
nF \ N
“ 1003 v=5ps (LN TN
33 N
Ur-100V 60 I A N\ ™ rehOns
F ] - N
68 “0 /// ©=25 s \\
1
_
100 B /’/Zoj l T-ZOIJS
150-———=——1" ] |
10 ? 7=10ps
8- |
) !
1 2 4 6 81 20 40 60 80100 kHz
—_—f
Example:

f =10kHz (repetition frequency)
T =10pus (rise time)

Cy = 150 nF (capacitance)

Uz =100V (rated voltage)

According to the dashed line in the above graph, this results in a max. peak voltage U of
approx. 30 V.

} intersection P,

} intersection P,
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MKT Capacitors B 32520
...B 32529

B 32522,LS 15 mm
Nomogram to determine the permissible peak voltage U

Determine the intersections P, and P, according to the plotted example. The intersection of
the line connecting P; with P, and the U scale gives the maximum permissible peak
voltage.

In case of a trapezoidal voltage load with two steep edges, the second harmonic frequency
must be considered. For a sinusoidal voltage load, the “sine” characteristic applies.

1 r=160|0us T
Ug=630V 1
0,033 5‘"6‘_745#7%‘——'
0,047 Nauidan
0,0G?: Ug=400V 7 =8004s
' o047
uF
0068 Y
0, .
015 7. =400ps
0.1
015
022 80 7=25
Up=100V Phas :
gss ' 7801 ’ \ »
' Ur=250V P2, 1 | ‘
uF 404
0474==-—=—-1 |
0,68 . T
1 20 |
7 |
107 {
6 |
|
I ,
o1 0.2 04 06081 2 4 6 8 10kHz
Example: —f

f = 0.5 kHz (repetition frequency)
r =100 ps (rise time)

Cy = 0.47 pF (capacitance) } . .

Uz =100V (rated voltage) intersection P,

According to the dashed line in the above graph, this results in a max. peak voltage U of
approx. 100 V.

} intersection P,

For loads at frequencies > 10 kHz, please contact us.
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MKT Stacked-Film Capacitors B 32 560
...B 32563

Metallized polyester stacked-film capacitors are delivered as quality assessed version
in accordance with CECC 30 401-007, form A (Number of approval: 404.8/10/74).

For use in consumer and entertainment electronics, in semiprofessional and professional
systems.

Self-healing capacitor, comprising polyethyleneterephthalate dielectric. When mounting,
attention must be given to the surface leakage paths and air paths to adjacent live parts.
The insulating strength of the sectional areas to live parts corresponds to 1.5 times the
rated dc voltage of a capacitor; it amounts, however, to at least 300 Vdc.
Connections: Parallel leads, tinned, plug-in, lead spacing 7.5 to 22.5 mm.

Type | Lead spacing “e”| dia. d e [ max —e= — =t bmaxfe—
B32 560 7.5 mm 0.6
B32 561 10. mm 0.6 |
B32 562-D 15 mm 0.6 i f f 5
B32 562-E 156 mm 0.8 £
B32 563 22.5 mm 0.8 Dimensions in mm ‘ | ‘
‘T
w
l Tinned 13
lead
e 04 A
wa
DIN climatic category FME/LR
(DIN 40 040)
Lower category temperature F - 55°C/-67 °F
Upper category temperature M +100°C/212 °F
Humidity category E average relative humidity = 75%;

95% for 30 days continuously;

85% for the remaining days, occasionally

rare, short dew precipitation permitted

Failure quota 300 failures per 10° component hours

Load duration 105 hours

Relative failure rate 300 X 10-° X 105 = 3%

At a load, usually occurring in practice, a failure
quota of 2 X 10~9/hour can be assumed.

nr

Failure criteria
Total failure Short or open circuit

AC
Failure due to variation Capacitance change < >+10%

Dissipation factor tan 6 > 2 X max. limit value
Insulation resistance < 150 MQ (= 0.33 pF)
< 50s (>0.33pF)
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B 32560

...B32563
250 Vdc 400 Vdc Un
LS15mm LS 22.5 mm LS 7.5 mm ILS10 mm LS 15 mm ! LS 22.5 mm
Dimensions b x hx/
Ordering code
B32562- B32563- B32560- B32561- B32562- B32563- Ca
352‘18622"_? 1000 pF
31'336‘18'522’? 1500 pF
ﬂfgfézz"ﬁ 2200 pF
f@ggézz"_g. 3300 pf
fg’é‘f;zz"_% 4700 pF
fg‘ggég*_% 6800 pF
el i oo
e | e
326018 0,022 uf
33xe o ® 0,033 uF
3'_95&27";_1:5 0,047 uF
soeies oot s
e o
5'_5;2'12;[:?:5 015 pF
B o2z o
S s ot
I R 0w
e 3582 | osn
9.6x11,5x16,5 | 6,5x11,8x24 1040175x24 | | g
~E3105- ~D3105- -D6105-
ey 15 W
ity 22w
33 uF
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B 32560

...B 32563

Category voltage U,
at dc operation
versus temperature

Vdc

500
w |

S—1

c E 400V
T 400l T t
300 ‘— :
250V
200- § \
" 100V
100
\
max. 2000 hours 1.25 X U, L \
for milliseconds 1.50 X U % 40 60 80 100 °C
(e. g. switchings) -y
Category voltage U." ;/o%c
at ac operation ; B !
1
at 50 Hz Ue | 400V ' | ‘
versus temperature ) k150 ! - N
| I { | |
| [ ; f | E
0 | 250V | [ ‘
, r i [ 1 '
| | I |
| 100v | | |
50 T T T !
| i | ! |
0 | } | |
max. 2000 h 1.25 X U i 0 20 40 60 80 . 100 °C
) J %
Reversible 8- 1
e chanae AC | |
capacitance change c | aC 6 - ' B
versus C | [
temperature [
at 1 kHz (typical values) .
}
r 0
|
-2 —
_4 p—
6r— e -—
gL i 1 _J
60 -40 -0 0 20 40 60 80 100°C
— =

I

" When an ac voltage i1s superimposed on a dc voltage, the sum of the dc voltage and the amplitude of the
ac voltage shall not exceed the rated voltage.
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B 32560
...B 32563

Pulse handling capability (voltage rate of rise U,,/r and pulse characteristic k).
Maximum permissible voltage change per time unit with non-sinusoidal voltage load (pulse,
sawtooth).

Rated voltage Uy | LS7.5 | Ls10 | Ls15 |[LS225 |
Uy, /tinV/gs | 100 75 50 50
100 Vde kinV2/us | 20000 | 15000 | 10000 | 10000
250 Vdo Up/7inV/us | 200 | 150 | 100 | 100 |
koinV2/us 100000 | 75000 | 50000 | 50000 |
2400 Vde Up/in V/pis } 250 | 175 | 125 | 125
koinV2/us | 200000 150000 | 100000 ;100 000

For a voltage swing U,, < Uy the value of the permissible voltage rate of rise U,,/7 can be
multiplied by the factor Ug/U,;. The data of the nomogram must be accounted for
periodic pulses. See also calculation example in section “General Technical Information”,
para 5.2.6, page 24.

AC power handling capability at higher frequencies

The maximum permissible peak voltage U for sinusoidal and non-sinusoidal voltage load
(pulse, sawtooth, trapezoidal voltages) can be obtained from the nomogram.

The nomogram is based on 10°C (18 °F) inherent temperature rise of the capacitor; this
must be taken into account when considering the permissible max. temperature.

The following limit values U, are not allowed to be exceeded.

Rated voltage Uy 100V 250V 400V

Limit voltage U, 85V 140V 224V
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B 32560
...B32563

B 32561, lead spacing = 10 mm

Nomogram for determining the permissible peak voltage U

Determine points of intersection P, and P, in accordance with the example plotted. The
line of communication P,, P, yields the maximum possible peak voltage.

In case of trapezoidal voltage load with two steep edges, the second harmonic frequency
has to be taken into account. With sinusoidal voltage ioad the “sine” characteristic applies.

Ur=250V,400V
10 10
Cr nF |nF

15 15
22 22

33 |33

Un=100V | 20— 4+
220 330
1330 470
470
- 680

1000
nF

|
’
[ ; i | ! i L
1 2 4 6 810 20 40 60 80100 kHz

—f

Example given:

f =10kHz (repetition frequency)
7 =40 us (rise time)

Cr =220 nF (capacitance)

U =250V (rated voltage)

According to the dashed line on the graph above this gives a max. peak voltage U of about
40V.

} Point of intersection P,

} Point of intersection P,
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B 32560
...B 32563

B 32563, lead spacing = 22.5 mm
Nomogram for determining the permissible peak voltage U

Determine points of intersection P, and P, in accordance with the example plotted. The
line of communication P,, P, yields the maximum possible peak voltage.

In case of trapezoidal voltage load with two steep edges, the second harmonic frequency
has to be taken into account. With sinusoidal voltage load the “sine” characteristic applies.

Ca 0 200
Un=400V Y Vo
047
Ug=250V | 1 gO?‘T
068 P2 60
1-— ‘T/ j
15 40
2 |
Up=100V pF f
224 20
33
47 %
10 4
8+
6 -
J

Example given:

f =0.5kHz (repetition frequency)

7 =100 ps
CR=1 ]..IF
Ug=250V

According to the dashed line on the graph above this gives a max. peak voltage U of about

80 V.

(rise time)
(capacitance)
(rated voltage)

01

|
J
\
L 6 810 kHz

—=f

} Point of intersection P,

} Point of intersection P,
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MKT Chip Capacitors

B 32595

DIN climatic category

(DIN 40 040)

Lower category temperature
Upper category temperature
Humidity category

Failure quota
Load duration
Relative failure rate

FME/LR INAR—),__—

F — 55°C/—67°F

M +100°C/+212°F?)

E average relative humidity = 75%;
95% on 30 days per year continuously;
85% on the remaining days occasionally;
rare, brief dew precipitation permitted

L 300 failures per 10° component hours

R 10%h
300-10°-10°=3%

At normal operational load, a failure
quotaof 2 10-°/h can be assumed.

Failure criteria

Total failure Short or open circuit

Failure due to variation Capacitancechange 5 >=*10%

Dissipation factortan 8 > 2 x upper category values
Insulation resistance < 150 MQ

IEC climatic category 55/100/56
(DIN 40045 Conditions
or |[EC publication 68-1) Testtemperature +40°C

. +2
Damp heattest Relative humidity (93 %e
OINTEC 38 2:3) umidity (93 _ 5)%
Testduration 56 days

Test criteria
Capacitance change

Dissipation factor
change Atandat1kHz =5-10°

Insulation resistance

AC
c

= 50% of the minimum
value atdelivery

Insulationresistance Rjs
Minimum delivery value 3750 MQ
Average delivery value > 30000 MQ

Resistance to soldering heat') Solder bath temperature max. 260°C (500°F)
TestTb Soldering duration max. 5 sec.
(DIN IEC 68-2-20)

Capacitance change éc—— =+2%

Resistance to
cleansing agents

Refer to Data Book “Metalized Plastic Capacitors”
1982/83, chapter “General Technical Information”, page 27.

Maximum capacitance drift i, + 3%
Dissipation factor tan 3 Upper limits/average production values
measured at20°C Cr<0.1pF | Crz=0.1..<1pF
at 1 kHz 8/ 5-103 10/ 6-10°
10kHz 15/12-103 20/15-103
100 kHz 30/18-10° -

The information describes the type of component and shall not be considered as assured characteristics.
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I 5150-

| 5154
Technical Data:
Climatic category G — minimum category temperature ........... —40C
in accordance with DIN 40040 M — maximum category temperature . ........ +100C
F — average relative humidity (RH) ............ <65%
60daysperyear ........................ 75%
30daysperyear ............. ..o 85%
Damp heat test Conditions:
in accordance with DIN 40046 Testtemperature ....................... (40x2)C
Relative humidity ....................... (92+3)%
Testduration ................ ... ... .. 21 days
After test:
Rins=< 50% of the minimum value at delivery
AC
C <5%
Atgd at 1 kHz <5x 103
and IEC 384-2 40/100/21
Solder conditions Temperature solder bath: max. 260°C
Solder duration: 5 s
Distance to the soldering joint: min. 6 mm.
Self inductance lead space (mm) | 756 | 10 | 15 |
Self l l
indutance (nH) 5 6 7
Dissipation factor tg & Maximum limit value Average value
(measured at 20°C) 1 kHz 10.103 5.102
10 kHz 20.103 15.102
Capacitance drift i, + 3%
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1 5150

| 5154
Dimension Table
Rated Voltage 250V
L.S. 7.5mm 10mm r15mm | 22.5mm 27.5mm
Rated MAXIMUM DIMENSION b x h x | (mm)
Capacitance | Tol.
uF (%)
5150 5151 5152 5153 5154
0.01 4 x 9 xi1 5 x 8 x13
0.012 4 x 9 x11 5 x 8 x13
0.015 4 x 9 x11 5 x 8 x13
0.018 4 x 9 x11 5 x 8 x13
0.022 4 x 95x11.| 5 x 8 x13
0.027 4.5x 9.5x11 5 x 8.5x13
0.033 4.5x 9.5x11 5 x 9.5x13
0.039 *5 | 4.5x 9.5x11 5 x 8.5x13
0.047 J) 4.5x 9.5x11 5 x 8.5x13
0.056 4.5x 9.5x11 5 x 8.5x13
0.068 5 x10 x11 5 x 8.5x13
0.082 5 x11.5x11 5.5x 8.5x13
0.1 5.5x12 x11 5.5x 9.5x13
0.12 6.5x12 x11 5.5x 9.5x13
0.15 *10| 8 x12 x11 5.5x10.5x13
0.18 (K) 6 x12 x13
0.22 6.5x12 x13 | 6 x10x18
0.27 7 x12 x13 | 6.5x10x18
0.33 8.5x12 x13 | 7 x10x18
0.39 10 x12 x13 | 7.5x10x18
0.47 10 x14 x13 | 7.5x12x18
0.56 8.5x16.5x26
0.68 8.5x18 x26
0.82 8.5x20 x26
1.0 10.5x14x18 | 9 x20 x26
1.2 9 x20x31
1.5 9 x20x31
1.8 9.5x21x31
2.0 10 x21x31
2.2 10.5x22x31
2.7 12, x23x31
3.3 14 x24x31
4.7 13 x21x31
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| 5150
| 5154

Dimension Table

Rated Voltage

630V

L.S.

7.5mm

10mm

15mm

| 22.5mm

27.5mm

Rated
Capacitance
uF

Tol.
(%)

MAXIMUM DIMENSION b x h x | (mm)

5150

5151

5152

5153

5154

0.01
0.012
0.015
0.018
0.022
0.027
0.033
0.039
0.047
0.056
0.068
0.082
0.1
0.12
0.15
0.18
0.22
0.27
0.33
0.39
0.47

+5
)

+10
(K)

8 x11.5x13
8 x11.5x13
8 x11.5x13
8 x11.5x13
8.5x13 x13

7 x12x18
7 x13x18
7.5x13x18
7.5x13x18
8 x14x18
8 x15x18

8 x15x26
8.5x15x26
8.5x15x26
9.5x16x26
10 x17x26
10 x21x26

10x21x31
10x21x31
11x22x31
12x23x31
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MKT Capacitors B 32231

Metallized polyester capacitors — standard version

Self-healing flat capacitor winding with polyethyleneterephthalate dielectric. Capacitor
winding, coated with insulating sleeve, epoxy resin sealed face ends.
Central axial leads.

?< 405 T'wlmax #40357* / | e b |/ |dia.d
1! ‘ 14 20 =6 |- | 0.6
oz . — |- — 19 25 >6 |- 0.8
b i i 265 | 325 - 144 | 10
‘ e J 32 | 375
,.; #' Tinned copper lead 44 50
7
[ - e - Dimensions in mm
Minimum lead bend: 1 mm from face ends.
DIN climatic category GMG
(DIN 40 040)
Lower category temperature G - 40°C/- 40°F
Upper category temperature M +100°C/+212°F
Humidity category G average relative humidity =65%;

85% for 60 days per year; continuously
75% for the remaining days, occasionally

IEC climatic category 40/100/04 or 40/100/21"

(DIN 40 045,

or |IEC publication 68-1)

Damp heat test Conditions

in accordance with Test temperature +40°C/104°F

DIN IEC 68-2-3 Relative humidity (93+3) %
Test duration 4 days (21 days)
Capacitance change é‘C—C =15%
Dissipation factor =5X10-3(at 1 kHz)
change 4 tan 6 =7X103(at 10 kH2)
Insulation resistance = 50% (20%) of the

minimum value at delivery

" The values in parentheses apply to these increased requirements.
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MKT Capacitors

B 32231

Resistance to vibration
Test Fc: Vibration

partial test B 1 in accordance
with DIN 40046, sheet 8,
and |EC publication 68-2-6

Duration of endurance conditioning 6 hours

Frequency range 10to 55 Hz

Displacement amplitude 0.75 mm
(conforming to max. 10 g)

Resistance to soldering heat"
Test Tb in acc.
with DIN IEC 68-2-20

Temperature of the solder bath max. 260°C (500 °F)
Soldering duration max. 10's
Distance to the soldering joint min. 6 mm

Capacitance change ACQ =*+2%

Capacitance drift /,

+3%

Dissipationfactortandin 10-3
measured at 20 °C (68 °F)
(typical values)

at 1kHz
at 10 kHz

Maximum value / Average value

for C=0.047 uF C>0.047to 1 uF C>1pF
10/5 10/6 10/7
20/15 25/17 -

Self inductance

approx. 10 nH (per cm lead and capacitor length)

Impedance Z
versus frequency f
(typical values)

1) For solder recommendations also refer to “General Technical Information”, para 6.2., page 27.
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MKT Capacitors

B 32231

Reversible AC °é° — .
capacitance change — T i
c 4C 6 .
versus temperature o C | \
at 1 kHz (typical values) 4 T T T
2 | gl
\
0 L 1 —+—
-2 |
+
-4 :
|
-6
. 1
-60 -40 -20 0 20 40 60 80 100°C
—_—
. S
Insulation 10° —— — .
(time constant 7) E R e S——
versus temperature ¢ T i —+ r— —
R S s s m—
1
10° — N
— _T i ﬁﬁ%*ﬁé—
10 *_,,:1__“ . T I
T JEPI R S
| _
1 i
T ! !
100 T |
20 40 60 80 100°C

Minimum value'’
C=0.33 uF
C>0.33 uF
Average value

C=<0.33 F
C>0.33 yF

for Ug = 100 Vdc

3000 MQ
1000s

>30000 MQ
>10000s

for Ug > 100 Vdc

7500 MQ
2500s

>75 000 MQ
>25000s

""" The indicated values are applicable at the time of delivery. During operational life the insulation may decrease
for a short period to about 10% of the values at the time of delivery, especially when the maximum permissible
humidity of 85% is applied for a long period, or when the capacitor is operated close to the upper category

temperature.
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MKT Capacitors

B 32231

The nomogram is based on 10°C (50 °F) inherent temperature rise of the capacitor; this
must be taken into account when considering the permissible max. temperature.
With trapezoidal voltage load, the second harmonic frequency must be assumed.

Vs
ooy

250
O 200

7777
L

—
~N WO

gl
i Ll

001 002 004 01 02

Example given:

[ e —

il 1 L
04 06081 pF 2 4 6810 O

——= Cy

=800 Hz (repetition frequency)
r =200 us (rise time)
C= 1 uF  (capacitance)

According to the dashed line on the graph above this gives:

for the 100 Vdc type a max
for the 250 Vdc type a max
for the 400 Vdc type a max
for the 630 Vdc type a max

. peak voltage U of about 75V
. peak voltage U of about 105 V
. peak voltage U of about 135 V
. peak voltage U of about 160 V

04 06081
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I 5200

Technical Data

Climatic Category
In accordance with DIN

Condensation

Test Category
in accordance with DIN 40 046
and IEC 68-2-3

Damp Heat Test:
in accordance with DIN

Resistance to Vibration:
Test F¢: Vibration

Solder Conditions:

Capacitance Drift /;:

Dissipation Factor:

t3 d (measured at 20°C)
at 1kHz
at10kHz

GMC
G —40°C/—-40°F
M +100°C/+212°F
G the relative humidity should be < 65%, butit canrise to the
following values:
75%, 60 days per year
85%, 30 days per year

No
40/100/21

Conditions:

Severity grade 7

Test Temperature: (40 = 2°C)

Relative Humidity: (92 = 3%)

Test Duration: 4days

After this test the insulation resistance can’tbe lower than 0.2
of the minimal delivery value.

Testduration: 6 hours

Frequency Range: 10to55Hz

Vibration amplitude: 0.75mm

(corresponding to a maximum acceleration of 10g = 98m/s?)

Temperature of

Solder bath: max. 260°C
Soldering Duration:  5s
Distance to the

soldering joint: 6mm
+3%t085°C

+3%t0 100°C

6

max. value Average value
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1 5200

Reversible Capacitance: 12,
Change AC %
C
) 6
at 1KHZ (typical values) )
]
AC 0 ~—
< .
-6

-60 -40 20 0 20 40 60 80 7100
y—_—

Insulation Resintence: 10°
versus temperature 104
(time constant 1) T~

103

102 [~

T 10!
10°
0 20 40 60 80 °C 100
R —

Delivery value at 23°C
Minimal Value*
forC<0.33uF 7.500 MQ
forC>0.33uF 2.500s
Average Value
forC=0.33 uF 75.000 MQ
forC>0.33 uF 25.000MQ

*The values above indicated are valid until the delivery date. During the usage of the components, as the time goes
by, the insulation can grow less to 10% of the rated value, especially when it is submitted to a maximum permissible
humidity of 85% for a long time.
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1 5100

Technical Data

Climatic Category
In accordance with DIN

Condensation

Test Category
in accordance with DIN 40046
and IEC 68-2-3

Damp Heat Test:

Resistance to Vibration:
Test F¢: Vibration
Procedure B, according to
DIN 40046 Page 8 and
IEC 68-2-6

Solder Conditions:

Capacitance Drift /:

FMF
F —55°C/—55°F
M +100°C/+212°F
F the average relative humidity should be < 75%, butitcanrise to
the following values:
85%, 60 days per year
95%, 30 days per year

No
40/100/21

Conditions:

Severity grade 4

TestTemperature: (40 = 2°C)

Relative Humidity: (93 = 2%)

Test Duration: 56 days

After this test the insulation resistance can’t be lower than 0.2
of the minimal delivery value.

Capacitance Change A C < 5%

C
Dissipation Factor change A
tand <3x10°3
Testduration: 6 hours

Frequency Range: 10to55Hz
Vibration amplitude: 0.75mm
(corresponding to a maximum acceleration of 10g = 98m/s?)

Temperature of

Solder bath: max. 260°C
Soldering Duration:  10s
Distance tothe

soldering joint: 6mm

+ 3%
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1 5100

Category Voltage Uy:* 250 1
(at ac operation) versus ambient V= :
temperature. Peaks of 1.5 Uy 630 V- \
for miliseconds are permissible. 200
Uy 400 V- !
150 —\
AN
100 250 V- i
100 V— I
50 ﬁ'\\
1
1
0 |
0 20 40 60 80 100°C
—_—»

*When an oc voltage is superimposed on a dc voltage, the sum of the dc voltage and the amplitude of the oc voltage
shall not exceed the rated voltage.

Reversible Capacitance: 8
Change AC %
“C versus temperature 6
at 1KHZ (typical values) AC
c
2 //
0 /
-2
/
—4
y

-6

-60 —40 -20 O 20 40 60 80 100°C
—_— - Y
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MKC Stacked-Film Capacitors
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MKC Stacked-Film Capacitors B 32540
B 32541

Metallized polycarbonate stacked-film capacitors — standard version

Self-healing stacked-film capacitor with polycarbonate dielectric.

When mounting, attention must be given to the surface leakage paths and air paths
to adjacent live parts.

Connections: Parallel leads, tinned, plug-in, lead spacing 7.5 mm and 10 mm.
Suitable for use in single-clad printed circuit boards. Molded types on request.

[=~— [ max —e —t{ bmaxjm—
T ! |4
| | 1 Type | e
N B 32540 7.5 mm
g B 32541 10 mm
Tinned | 3
lead
e+04 R | B
20,6 Dimensions in mm
DIN climatic category FME
(DIN 40 040)
Lower category temperature F - 55°C/- 67°F
Upper category temperature M +100°C/+212°F
Humidity category E average relative humidity = 75%;
95% for 30 days per year, continuously;
85% for the remaining days, occasionally
rare, short dew precipitation permitted
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MKC Stacked-Film Capacitors

B 32540

B 32541

IEC climatic category 55/100/21
(DIN 40 045,
or IEC publication 68-1) Conditions

(o [e]
Damp heat test Test t.emperaFu.re +4O+(22/+1 04 °F
in accordance with Relative humidity (93 23) %
DIN IEC 68-2-3 Test duration 21 days

Test criteria

. AC
Capacitance change <
Dissipation factor
change A tan

Insulation resistance

<+5% (0.1 pF)
=+3% (>0.1 pF)

=5X103at 1kHz
=7 X10-3at 10 kHz
=10% of the minimum
value at delivery

Resistance to vibration
Test F¢: Vibration

partial test B 1 in accordance
with DIN 40 046, sheet 8
and |EC publication 68-2-6

Duration of endurance
conditioning

Frequency range
Displacement amplitude

6 hours

10to 55 Hz

0.75 mm (conforming to
max. 98.1 m/s2or 10g)

Resistance to soldering heat"
Test Tb in acc.
with DIN IEC 68-2-20

Temperature of the solder bath max. 255°C/491 °F

Soldering duration
Test criterion:

max. 5 sec

A
capacitance change TC =+2%

Capacitance drift /, +3%
Self inductance approx. 6 nH
Impedance Z ‘g J
versus frequency f z
(typical values) '
\ 100 < e N A
N //r/ />(o
o2
, A e
10- N < %%‘%5%";‘7_‘_
o2 %
\/\ﬁ?%@""&
ag'/%;?)
102 552
10
105 106 107 Hz 108

—f

1 For solder recommendations also refer to “General Technical Information”, para. 6.2, page 27.
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MKC Stacked-Film Capacitors

B 32540
B 32541

Category voltage U,
at ac operation, 50 Hz
versus ambient
temperature ¢}

150 - -

Vac
Ue

T 100

50— — - - 17
[
; Lo
0 | L |
0 20 40 60 80 °C 100
——
max. 2000 hours 1.25 X
Reversible AC +05
capacitance change < AC o,
c
versus temperature 0
at 1 kHz (typical values)
-05———+
Y I
_15’_ ______ I
-2
-4 20
Insulation resistance A, W e e - [ = _
versus temperature % Mo ! '
0 - —— =
Rs B
108 - -
10— — == -
|
10 —
\ |
0 ! |
0 20 40 60 80 °C 100

1 When an ac voltage is superimposed on a dc voltage, the sum of the dc voltage and the amplitude of the ac voltage

may not exceed the rated voltage.
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MKC Stacked-Film Capacitors B 32540
B 32541

B 32540, lead spacing=7.5 mm

Nomogram for determining the permissible peak voltage U

The nomogram is based on 10°C (18 °F) inherent temperature rise of the capacitor; this
must be taken into account when considering the permissible max. temperature.
With trapezoidal voltage load the second harmonic frequency must be assumed.

Ug = 250V

b 4
u

T=10us

T=5ps

T=25pus

8 10 15 20 30 405060 80 100 kHz
—_—— )
Example given:
f =30kHz (repetition frequency)
7 = buys (rise time)
Cr =47 nF (capacitance)

According to the dashed line on the graph above this gives a peak voltage U of about
60 V.
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MKC Capacitors

B 32545

Metallized polycarbonate capacitors — high rel version

Self-healing capacitor with polycarbonate dielectric. Encapsulated in rectangular plastic
case, epoxy resin sealed. Parallel leads, plug-in, lead spacing 7.5 mm. The case is provided

with spacers to improve solderability in the solder bath.

105 max —— —=4max~—
I

3

£

Q

il 1

I

’ 3
-

t

20k — ] f-—
& 07

Dimensions in mm

Ordering code

E:pacntance Rated voltage Cilglaec;;t:gge
1.0
1.2
1.5
1.8
2.2 +10%=2K
2.7 +20%2M
3.3
3.9 400 Vdc
4.7
5.6
6.8
8.2
10
12
15
18
22 (£ 5%=J)
27 250 Vdc +10%2K
33 +20%=M
39
47
56
68 100 Vdc
82
100

B32545-C6102-+
B32545-C6122-+
B32545-C6152—+
B32545-C6182-+
B32545-C6222-+
B32545-C6272—+
B32545-C6332-+
B32545-C6392-+
B32545-C6472—+
B32545-C6562—+
B32545-C6682-+
B32545-C6822—+
B32545-C6103--
B32545-C6123-*
B32545-C6153-*

B32545-C3183-+
B32545-C3223-+
B32545-C3273--
B32545-C3333-+
B32545-C3393-*

B32545-C1473-+
B32545-C1563-+
B32545-C1683-+
B32545-C1823-+
B32545-C1104—+

* When ordering, the code letter for the requested tolerance must be substituted for *

1" Closer capacitance tolerance upon request.
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MKC Capacitors B 32545
Self inductance approx. 8 nH
Impedance Z Q
versus frequency 7 10 -
(typical values) — = : -
z LT IN |
N !
b I . S =
} S ! ENEDZA
N ARV
10° X \ l
: AN - H,, - 4 - ]
EANIYA
| //\; 2 ;_ﬂ
ik L T o g
] 29 % 2 =
_2 1
10
10° 108 107 108 Hz
—f
Dissipation factor tan 10 :
versus frequency f
tano
10- //
7
109 /—/_
10-4
02 103 104 05 Hz 108

Typical values
measured at 20°C/68 °F

at 1kHz
at 10 kHz
at 100 kHz

Maximum value ‘

Average value

5X10-3

3x10-3 '
10X 10-3

1X10-3
2X10-3
5X10-3
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MKC Capacitors B 32545

Reversible %
> AC 2
capacitance change —-
c 4c
versus temperature ¥ 9
at 1 kHz (typical values) 1
0 = —
- \\
o w0 w0 ® 4 & 8 00cC
—
Insulation resistance A, MQ
versus temperature U 0° £3543
Ris \
0 L
~
1° >
\\
~.
10
1
g 20 40 60 80 100°C
Minimum value!’ -3
forUs =100V 15000 MQ
for U > 100V 30000 MQ
Average value
forUs =100V >75000 MQ
for U > 100V

" The indicated values are applicable at the time of delivery. During operational life the insulation may decrease
for a short period to about 10% of the values at the time of delivery especially when the max. permissible humidity
of 95% is applied for a long period, or when the capacitor is operated close to the upper category temperature.
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MKC Capacitors B 32545

The nomogram is based on 10°C (18 °F) inherent temperature rise of the capacitor; this
must be taken into account when considering the permissible max. temperature.

With trapezoidal voltage load the second harmonic frequency must be assumed. At
sinusoidal voltage load, the “sine” characteristic applies.

Ug =100V, 250 V.400V __i_
fN\U /.,

o N

15 VANEINA N,
| r
22 =Y Y
) \\\ l |
Nysine \
3.3 N T-40ps
474 \\\\
681 N \
815— 220 \\\
. 180 |
Ca 12+ 0v, | NN Ny
154 1204 \ |
18- 100 1D \\\mps
Z: 81 \ | W\N
33 /60—<// \ | 25 5 N
394 a7 30 \ < ke
ég:r’/ 40 j N
. N
ER s
100 i \
207 I \\

!

8 10 15 20 30 40 5060 80 100 kHz

N

—_—f

Example given:

f =30kHz (repetition frequency)
r = 5us (rise time)
C =47 nF  (capacitance)

According to the dashed line on the graph above this gives a peak voltage U of about
60 V.
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MKP Capacitors - B32650

Metallized polypropylene capacitors — standard version

Self-healing wound capacitor with face-end contacts, comprising a polypropylene
dielectric. Built into flame-retardant, rectangular plastic case; epoxy resin sealed to ensure
resistance to humidity. The capacitor is provied with spacers to improve solderability in
the solder bath. Parallel leads, plug-in.

These pulse-proof capacitors are particularly suited for use in deflection and high voltage
stages of TV sets; e.g. as reservoir and S-correction capacitor (400 V series), as com-
mutation capacitor in thyristor deflection circuits (1000 V series) and as line flyback
capacitor (1500 V series).

F—[max‘ A.l bmax. fe—
11
g
-~
ﬁﬁ‘_ f Dimensions in mm
DIN climatic category GPE
(DIN 40 040)
Lower category temperature G -40°C/-40°F
Upper category temperature P + 85°C/+185°F
Humidity category E average relative humidity = 75%
95% for 30 days per year; continuously
85% for the remaining days; occasionally
rare, short dew precipitation permitted
IEC climatic category 40/085/56
(DIN 40 045,
or |EC publication 68-1) Conditions
Test temperature +40°C/+104°F
Damp heat test Relative humidity (931' %) %
in accordance with Test duration 56 days
DIN IEC 68-2-3
Test criteria AC
Capacitance change —— =*3%
Dissipation factor ¢
change A tan & =0.5x107%(at 1kHz)
=1 x107%(at 10 kHz)
Insulation resistance = 50% of the minimum
value at delivery
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B 32650

Resistance to vibration
Test F.: Vibration

partial test B1 in accordance
with DIN 40046, sheet 8
and IEC publ. 68-2-6

Duration of endurance
conditioning

Frequency range
Displacement amplitude

6 hours

10to 55 Hz

0.75 mm (conforming

to max. 98.1 m/s? or10g)

Resistance to soldering heat"
Test Tb in acc.
with DIN IEC 68-2-20

Temperature of the solder bath max. 260°C/500 °F

Soldering duration

max. 10sec.

Capacitance change A—CC =+2%

Capacitance drift /, +2%
Dissipation factor tan 6 10?2 :
versus frequency f I
(average values) tand p 400V
/| |
Parameter: Voltage series // ’ }ggg‘(,
Max. lead spacing ° Y /[ L7/ 1500V

10"
10° 10°Hz

Dissipation factor tan

Minimum value

Average value

o o
measured at 20 °C/68 °F C=1yF ' C>1uF C=1uF ‘ C>1F
for 1kHz 0.5-107 0.25-107%| 0.25-1073
for 10 kHz 0.8-1073 04 -1073| 06 -107°
Self inductance approx. 20 nH
Impedance Z mQ
versus frequency f o* N
(typical values) z AN 7
'4
[ U
100 )S\
pd \/
102! yi .a,?"’?-
i sl
| il
,?9"5"’?
10'1 ‘3”""%[ l JJ
10 10° 107 10° Hz

") For solder recommendations also refer to “General Technical Information”, para. 6.2, page 27.
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B 32650

Inherent heating

Power loss at 90 mW (capacitor length 18 mm)
10 °C/18 °F excess temperature | 160 mW (capacitor length 27 mm)
of the case (typical values) 260 mW (capacitor length 31.5 mm)

Pulse handling capability (voltage rate of rise U,,/t and pulse characteristic &)
Maximum permissible voltage change per time unit with non-sinusoidal voltage load
(pulse, sawtooth).

Rated : Pulse handling capability

voltage
UR Upp perm.
Capacitor length
18 mm 27 mm 31.5 mm
Uyl T 50 V/ps 30 V/ps 20 V/ps
400 Vde 500 Voo | R | 0.5 x 105 V2/ps | 0.3 X 105 V2/us | 0.2 X 105 V2/ps
' UpplT 215 V/ps 115 V/ps 90 V/ps
1000 Vde 700 Ve, l ko 3 X 105 V2/ps | 1.6 X 105 V2/ps |1.25 X 105 V2/us
Upp/T - 250 V/ps 165 V/pus
1200 Vde | 1200 Ve 40 - 6 X 105 V2/ps | 4 X 105 V2/ps
Upp/T - 430 V/ps 330 V/ps
1500 Vdc 1500 VDD Z'; _ 13 X 105 V2/pS 10 X 105 V2/|JS

Foravoltage swing U,, < U, ,erm. the value of the permissible voltage rate of rise U,,/7 can
be multiplied by the factor U, ,erm/U,,. See also calculation example in section “General
Technical Information”, para 5.2.6, page 24.

AC power handling capability at higher frequencies

Values upon request; a voltage/time diagram as well as indication of ambient temperature
and other operational conditions are requested. Refer also to para. 5.2.5 “Inherent
temperature rise, permissible efficiency”, page 23.
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B 32 655

DIN climatic category
(DIN 40 040)

Lower category temperature
Upper category temperature
Humidity category

GPE

G -40°C/- 40°F
P +85°C/+185 °F
E

average relative humidity = 75%;

95% for 30 days per year, continuously
85% for the remaining days, occasionally
rare, short dew precipitation permitted

IEC climatic category
(DIN 40 045,
or |[EC publication 68-1)

Damp heat test
in accordance with
DIN |IEC 68-2-3

40/085/56

Conditions

Test temperature
Relative humidity
Test duration

Test criteria

Capacitance change Ac

c
Dissipation factor
change A tan &

Insulation resistance

+ 40 °C/104 °F
(@3 2%
56 days

=*+3%

=0.5 X 10-3 (at 1 kHz)
=1 X 10-3(at 10 kHz2)
= 50% of the minimum
value at delivery

Resistance to vibration
Test F,: Vibration

partial test B 1 in accordance
with DIN 40 046, sheet 8
and IEC publication 68-2-6

Duration of endurance
conditioning

Frequency range
Displacement amplitude

6 hours
10 to 55 Hz
0.75 mm

(conforming to max. 98.1 m/s2 or 10 g)

Resistance to soldering heat"
Test Tb in accordance with
DIN |IEC 68-2-20

Temperature of the solder bath max. 260 °C/500 °F

Soldering duration

Capacitance change —ACTC

max. 10 sec

=t2%

Capacitance drift /,

2%

" For solder recommendations also refer to “General Technical Information”, para. 6.2., page 27.
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B32655

Reversible
Y AC
capacitance change <

versus temperature ¢
at 1 kHz (typical values)

N
-3
-40 -20 0 20 40 60 80 100°C
—
Insulation resistance R, Ma
versus temperature % 10
Rls
10‘ \
10°
N
10°
)
1°
0 20 40 60 80 100°C
Minimum value® ~3
forC=0.33pF 30000 MQ
for C>0.33 uF 10000s
Average value
for C=0.33pF >75 000 MQ
forC>0.33pF >25000s

Inherent heating

Power dissipation at

10°C/18 °F excess temperature
of the case (typical values)

90 mW (capacitorlength 18 mm)
160 mW (capacitorlength 27 mm)
260 mW (capacitorlength 31.5 mm)

"' The indicated values are applicable at the time of delivery. During operational life the insulation may decrease
for a short period to about 10% of the values at the time of delivery, especially when the max. permissible humidity
of 95% is applied for a long period, or when the capacitor is operated close to the upper category temperature.
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MKP Capacitors B 32 656

Metallized polypropylene capacitors — high rel version

Self-healing wound capacitor with face-end contacts, comprising a polypropylene
dielectric. Built into flame-retardant, rectangular plastic case, epoxy resin sealed to ensure
resistance to humidity. The capacitor is provided with spacers to improve solderability
in the solder bath. Parallel leads; plug-in.

The capacitors are particularly suited for use at mains ac voltage load and in pulse circuits.

r—lmax. A-I bmax.

é / e
= 27 22.5
| —, 31.5 27.5
a
€104 508 f Dimensions in mm

Rated ac voltage Ui up to 2 kHz 400 V ac
Perm. dc voltage U 1000 V dc
Rated capacitance C; | Tolerance Dimensions b X h X / Ordering code
0.0022 pF 7.3 X16.5 X 27 B32656-K8222-«
0.0033 pF 7.3 X 16.5 X 27 B32656-K8332--
0.0047 pF 7.3 X 16.5 X 27 B32656-K8472-+«
0.0068 pF 7.3 X 16.5 X 27 B32656-K8682-«
0.01 pF * 5%=J 7.3 X16.5 X 27 B32656-K8103-+«
0.015 pF £10% =K "85 x 185 x 27 B32656-K8153-.
0.022 uF 10.56 X 19 X 27 B32656-K8223--
0.033 uF 11 X 20.5 X 27 B32656-K8333-+
0.047 uF 11.6 X 21 X 31.56 B32656-K8473-+«
0.068 uF 13.6 X 23 X 31.5 B32656-K8683-+
0.1 uF 15 X 24.5 X 31.5 B32656-K8104 -+

* When ordering, the code letter for the requested tolerance must be substituted for «
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B 32656

Capacitance drift /; +2%
Reversible %
. A C 2 T cctrot— T T T
capacitance change ——- ' i
¢ ac
versus temperature o C 1 S .
at 1 kHz (typical values) | !
0 I I ; Lf, . ,L N
{ |
|
d I é | 1
| \\ |
-2 | |
| N
3 | |
-40 -20 0 20 40 60 80 100°C
_.1,
Impedance Z Qz
versus frequency £ 10
(typical values) z
10' /
[ AN
[ AN
— 7
100 I/ \\ /
.
TN\ 7/ X
N / L) o
107 \ / Pr
AY T 2,
\\ ]/ a?aff}
| 0{9@"%
o 1 A
107 10° 10’ 102 Hz
_,f

117



MKP Capacitors B 32 656

Inherent hieating
Power loss at )
10 °C/18 °F excess temperature | Lead spacing 22.5: 0.16 W

of the case (typical values) Lead spacing 27.56:  0.26 W
Voltage load

Test voltage U, 2500 Vdc

Category voltage U, 400 Vac 1000V dc

Pulse handling capability (voltage rate of rise U,,/t and pulse characteristic )
Maximum permissible voltage change per time unit at non-sinusoidal voltages (pulse,
sawtooth).

Rated Pulse handling capability
voltage
UR Upp perm.
~ Capacitor length
27 mm
Uyl 350 V/us 175 V/ps
400 Vac 1130 Ve, x, 8% 10° Vg./p,s 4x10° vg/us

For a voltage swing U,, < U, qerm the value of the permissible voltage rate of rise U,,/7
can be multiplied by the factor U,, ,em/U,p- See also calculation example in section
“General Technical Information”, para 5.2.6, page 24.

AC power handling capability at higher frequencies

Values upon request; a voltage/time diagram as well as indication of ambient temperature
and other operational conditions are requested. Refer also to para. 5.2.5 “Inherent
temperature rise, permissible efficiency”, page 23.
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Aluminum Electrolytic Capacitors
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Al Electrolytic Capacitors
General technical data

|. Basic construction

Metals the oxides of which are capable of blocking the current flow in one direction and of
passing itin the other are called valve metals. This blocking effect can be utilized for the con-
struction of electrolytic capacitors. Metals such as aluminum and tantalum have obtained
practical importance. The following details only deal with aluminum (Al) electrolytic capaci-
tors, whereas tantalum electrolytic capacitors are to be found in Data Book (B 45 010).

The electrolytic capacitor has gained an exceptional position among the numerous kinds of
capacitors since its operating characteristic is partly based on electrochemical processes. In
order to understand its properties, a closer consideration of its design seems advisable.
Generally, each capacitor consists of two electrically conducting layers. A dielectric may be
put in between. The aluminum electrolytic capacitor as well is always based on these 3 com-
ponents. However, the difference to all other capacitor types consists in their conductive
liquid, the operating electrolyte, forming one electrode (the cathode) instead of the other-
wise used metal layer. As counter electrode (anode) serves an aluminum body (in most cases
an aluminum foil resulting from the winding method which is commonly used today). By
means of electrolytic processes an aluminum oxide film (the dielectric) is generated on the
surface of the aluminum body. The aluminum that has not been exploited for oxidation (start-
ing metal) results in forming the necessary positive layer.

The advantages of electrolytic capacitors that have caused their widespread application are
their high capacitance per unit volume (high capacitance values at low space requirements),
which permits the production of capacitors up to 1 Farad, and on the other hand the reason-
able price in proportion to its capacitance value.

Like other capacitors, the capacitance is directly proportional to the effective surface and in-
versely proportional to the distance of both layers, given for electrolytic capacitors by the
thickness of the oxide film. The aluminum oxide has the particular advantage over other
dielectrics that it is not only remarkably thinner but also features high dielectric strength. Its
thickness can be fitted exactly to the operating conditions of the capacitor.

The aluminum oxide film is generated by anodic oxidation (anodization). The thickness of the
film grows practically proportionally to the applied forming voltage. For safety reasons, the
final forming voltage is chosen higher than the rated or peak voltage values.

The film thickness ist approx. 0.0012 um per Volt, i.e. even with high voltage capacitors, a dis-

- tance of both layers of only approx. 0.7 um can be expected; thus, the high capacitance per
unit volume is partly explained. (The minimum thickness of a paper dielectric for example is
6to 8 um). A further factor is given by the electrode surface being many times enlarged be-
cause of an electrochemical etching process (see fig. 1). Since one of the layers of electrolytic
capacitors is liquid (operation electrolyte), its surface ideally fits to the anode.

During the anodization of the etched foil, the fine etching pits partially incrust and that the
morethe higher the forming voltage and thus the film thickness is. With different etching pro-
cesses the magnitude of the pores can be matched to the required voltage. The relative
dielectric constant of the aluminum oxide of about 10 is comparatively high. The permissible
operating field strength is approx. 800 MV/m thus being extremely high.
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Al Electrolytic Capacitors
General technical data

Il. Terms, technical data, explanations

All data given in the following including numerical values, is of general importance. To certain
types often better values apply which are given on the data sheet for the appropriate type.

1. Plainand etched

Because of their small dimensions, aluminum electrolytic capacitors with etched, and sur-
face enlarged foils are today nearly exclusively required. Electrolytic capacitors with non-
etched foils (plain) partly feature better electrical ratings but are on the other hand consider-
ably larger. They are only used for particular applications; their percentage share permanent-
ly decreases, so that the complete suspension of this production line will be only a question of
time. The specifications existing as yet contain a reference saying that these capacitors are
not to be used for new equipment.

2. Polarized and non-polarized

The electrolytic capacitor designed as described above, consisting of an anodized aluminum
foil on which the dielectric film is applied, a second aluminum foil and the electrolyte being
between both foils, can only function correctly when the positive pole is connected to the an-
odized aluminum foil (anode) and the negative pole to the other (cathode). A reversed polari-
zation would cause an electrolytic process and a dielectric film would be generated on the
cathode foil as well as on the anode. Thus, high internal heating and gas formation would arise
which could possibly destroy the capacitor. The total capacitance would also be reduced by
the increasing thickness of the oxide film which reduces the capacitance of the cathode in
series with the capacitance of the anode.

Due to its basic design the electrolytic capacitor is only suitable for dc voltage applications,
since this direct voltage is a waveform voltage, i.e. a direct voltage with a superimposed alter-
nating voltage and the positive pole connected to the anode. This is understood as the polar-
izedversion,whichissuitableformostapplications. Therequirementofcorrectpolarizingofthe
polarized capacitor types is valid with the only exception thatincorrect polarization is permit-
ted up to 2V, since the damaging anodization of the cathode as described above only begins
torise atthis range. (The cathode foil is covered by an air-oxide layer which corresponds to an
anodically generated layer with a blocking voltage of about 2V.)

Non-polarized (bipolar) electrolytic capacitors are also available. In addition to the anode foil
they also have a second foil which is anodized during the production process and its capacit-
ance value is of the same range as that of the anode. This construction allows for operation at
direct voltage ratings and either polarization, as well as at pure alternating voltage ratings.
Since the latter causes inherent heating, the alternating voltage must be kept considerably
below the direct voltage rating. Due to series-connection of both equal capacitance parts the
total capacitance amounts only to half the individual capacitance values. A non-polarized
electrolytic capacitor compared with a polarized one, needs therefore up to twice the volume
forthe same total capacitance at the same construction.
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Al Electrolytic Capacitors
General technical data

ifications also include the maximum permissible dimensions in correlation with capacitance
and rated voltage. In recent specifications capacitance ratings in accordance with the E3 or
E6 series are given. The rated voltage values are standardized according to the R5 series,
some exceptions according to requirements.

The number of the type specification, if there is any, is given on the individual data sheets. The
capacitors are marked with this number as well, if allowed for by the case size. If there is no
type spec:fncatlon available (asyet), the capacitors are marked with the number of the funda-
mental specification. The capacitance/voltage range given on the data sheets is not always
equaltothat of the type specifications. Itis more or less comprehensive, as required.

If necessary, the speclflcatlons given by DIN sheets will be transferred to the Siemens data
sheets for completion.

ADIN specification for non-polarized electrolytic capacitorsis not available, since thereis on-
ly little demand for these types. Photoflash electrolytic capacitors are produced in large
quantities, however they are at present not subject to standardization due to plurality of
types requested.

5. Electrical characteristics
5.1 Rated voltage Ur

The rated voltage is the operating voltage which is indicated upon the capacitor. It is a dc
voltage. The ratings are based on an R-5 series; in addition voltages of 350 V and 450 V have
beenincluded.

.Lowvoltage (NV) ratings High voltage
) (HV)ratings
UrinVolts 6.3 | 10 | 16 | 25 | 40 | 63 [1001 160 | 250 | 350 | 450

Not each of the type specifications and not all Siemens data sheets comprise all voltage rat-
ings; the actugl demand is covered.

5.2 Category voltage Uc

The category voltage U is the voltage which may be applied continuously to a capacitor in
use atits upper category temperature. Within a certain limit, the category voltage depends on
the ambient temperature.

For aluminum electrolytic capacitors with an upper temperature limit of 85°C (185°F), for
several Siemens electrolytic capacitors even up to 105°C (221°F), the category voltage may
be equal to the rated volitage. For electrolytic capacitors with a higher maximum temperature
avoltage derating is necessary (see individual types).

5.3 Operatingvoltage Uop

All unfavorable operating conditions (e.g. possible overvoltage of mains, unfavorable toler-
ances of the transformation ratio of mains transformers in the device, repeated overvoltage
for 1 minute at switching-on, high ambient temperatures etc. ) have to be taken into accountin
order to determine the voltage intended for cantinuousi.e. the operating voltage, whichis not
allowed to exceed the category voltage. Operatlon below the category voltage is permitted.
By this derating important functions reducing the service life of the electrolytic capacitor will
be delayed. However, other factors —in particular at higher temperatures - not depending on
the operating voltage Uop (for instance diffusion processes or materjal fatigue) will also take
decisive influence. Therefore the advantages to bé expected for service life due to derating
can only partly be utilized. Data on the increase of service life due to derating is given in
para.7.6.
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Al Electrolytic Capacitors

General technical data

5.6.1 Permissible superimposed alternating current for high reliability aluminum electro-

lytic capacitors
(typical values for the rms currentin mA at 9:mp < 85°C/185°F and f= 100 Hz)

Rated capacitance

Rated voltagein Vdc

inpF 6.3 10 16 25 40 63 100 160 250 350 450
0.47 9 10
1 13 14 15
2.2 18 20 22 23 24
47 25 30 32 34 37 40 43
10 38 42 48 52 56 60 n 75
22 60 68 78 86 97 110 120 130
47 Il 92 98 120 130 | 150 170 190 220 | 240
100 100 120 130 160 190 220 | 250 280 320 | 350 | 380
220 170 | 200 240 270 310 | 360 | 420 | 460 600 | 650 | 710
470 270 | 320 370 | 440 510 600 ( 710 870 980 | 1100 | 1200
1000 400 | 490 600 710 | 870 | 980 | 1200 | 1500 | 1700 | 2000 | 2200
1500 490 610 750 930 | 1100 | 1300 | 1600 | 1800 | 2300 | 2600 | 2900
2200 600 | 760 920 | 1200 | 1400 [ 1700 | 2000 | 2500 | 3000 | 3400 | 3800
3300 750 | 960 | 1200 | 1500 | 1800 | 2200 | 2600 | 3200 | 3900 | 4600 | 5100
4700 920 | 1200 | 1500 | 1800 | 2200 | 2700 | 3300 | 4000 | 5000 | 5600
6 800 1200 | 1500 | 1800 | 2300 [ 2800 | 3300 | 4100 | 5100 | 6300
10 000 1500 | 1800 | 2200 | 2800 | 3400 | 4100 | 5100 | 6800
15 000 1800 | 2200 | 2800 | 3400 | 4200 | 5100 | 6300 | 7600
22 000 2200 | 2800 | 3400 | 4200 | 5200 [ 6000 | 7000
33000 2800 | 3400 | 4200 | 5200 | 6400 | 7400 | 9000
47 000 3400 | 4200 | 5200 | 6500 ( 7100 | 8600
68 000 4200 | 5200 | 6500 | 7400 | 8800 | 11000
100 000 5200 | 6400 | 7500 | 9100 | 11000
150 000 6400 | 8100 | 9600 | 12000
220 000 7800 | 9500 | 12000
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Al Electrolytic Capacitors
General technical data

5.6.3 Frequency dependence of the permissible superimposed ac current

For frequencies deviating from 100 Hz other ac currents apply. Typical values for the conver-
sion factors are tubulated below. More detailed values are given in the data for individual

types.
FrequencyinHz| Conversionfactor

50 0.8

100 1.0

400 1.2

800 1.3

1000 1.35
= 2000 1.4

5.6.4 Temperature dependence of the permissible superimposed ac current

At temperatures deviating from 85°C/185°F the permissible superimposed ac current
changes. Typical values for the conversion factors to be applied are as follows; specific data
is also in this case givenin the individual data sheets.

Standard versions

Highreliability versions

Climatic GPFand HPF GPF,HPFand FPD FKD
category
Ambient Permissible Surface Permissible Surface Permissible Surface
temperature | percentage | temperature | percentage |temperature | percentage |temperature
Jmpin°C/°F | ofthe85°C in°C/°F ofthe 85°C in°C/°F ofthe 85°C- in°C/°F
value value value
= 40/104 220% 55/131 180% 50/122 145% 50/122
45/113 210% 59/138.2 175% 55/131 140% 55/131
50/122 200% 62/143.6 170% 60/140 135% 60/140
55/131 190% 66/150.8 160% 64/147.2 130% 65/149
60/140 180% 70/158 150% 68/154.4 125% 70/158
65/149 170% 73/163.4 140% 72/161.6 120% 74/165.2
70/158 155% 77/170.6 130% 76/168.8 115% 78/172.4
75/167 140% 81/177.8 120% 80/176.0 110% 82/179.6
80/176 120% 85/185 110% 84/183.2 105% 86/186.8
85/185 100% 88/190.4 100% 88/190.4 100% 90/194
90/194 90%") 92/197.6%) 90%") 92/197.6%) 95% 94/201.2
95/203 80%") 97/206.6") 80%") 97/206.6") 90% 98/208.4
100/212 70%") 101/213.8%) 70%") 101/213.8") 85% 102/215.6
105/221 60%") 106/222.8") 60%") 106/222.8") 80% 106/222.8
110/230 - - - - 70% 111/231.8
115/239 - - - - 60% 116/240.8
120/248 - - - - 50% 121/249.8
125/257 - - - - 40% 126/258.8

*) Values apply only to types that are permitted for operation at 105°C/221°F. -
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5.7.3 Capacitance dependence on the temperature

The capacitance of an electrolytic capacitor is not a constant magnitude that remains un-
changed under all operating conditions. The temperature is of great influence. The viscosity
of the electrolyte increases at decreasing temperatures thus reducing its conductivity. A typi-
cal behavioris shownin fig. 3, where the capacitance at 20°C/68°F is equal to 1.

12
1 =
Cioe 09 ;
120° 09 - o (Oovl
1
[ 08 RSNEDY
07 6,3V
' 160V...450V.
06
05
04
03
02
01 Fig.3
’ Series capacitance C, versus
0 temperature. Typical behavior.
-40 -20 0 20 40 60 80 100°C
—

The lower the rated voltage and the more the foils are roughened at otherwise the same con-
ditions the steeper is the run of the characteristic curves. The favorable flat shape of the curve
shown in fig. 3 has been obtained by using special electrolytes, and thus the capacitors are
capable of operation even at temperatures far below zero. The shape of the curves is subject
to strong variations depending on whether the temperature dependence of the ac or dc
capacitanceis determined. A dc capacitance attains a more favorable and thus a flatter shape
of the curve.

5.7.4 Capacitance dependence on frequency

The effective capacitance depends in addition to the temperature also on the measuring fre-
quency. It decreases with increasing frequency. If there is no particular data in the individual
data sheets, typical values for the effective capacitance can be obtained from the impedance
characteristic:

1

C=2~1t~f«Z
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5.8.1 Frequency and temperature dependence of the dissipation factor

Like the capacitance, also the dissipation factor depends on temperature and frequency. The
dependence is shown in fig. 4 for a low voltage electrolytic capacitor and in fig. 5 for a high
voltage electrolytic capacitor. The special data sheets indicate some more specific values.
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10-2 10-2
10 5 10 5 103 5 10%Hz 10 5 102 5 103 5 104Hz
- —f
Fig. 4 Fig. 5
Low voltage electrolytic capacitor High voltage electrolytic capacitor
(example 100 F/63 V) (example 47 uF/350 V)

DIN 41 240 also contains conversion factors as typical values at 50 Hz and 100 Hz for different
temperatures:

Temperature 0°C +20°C +60°C
Factor approx.4 1 <1

Thetan 6 values of Siemens electrolytic capacitors are normally better than those giveninthe
DIN specification. The values of the table above only apply unless the specific data sheets
contain the better.
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Diagrams 6 and 7 show examples of the aluminum electrolytic capacitor’s typical frequency
and temperature behavior.
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5.11.2 Leakage current dependence on temperature
As can be seenin fig. 9the leakage current strongly depends on temperature.
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5.11.3 Leakage current dependence on voltage

Thisis showninfig. 2, para. 1, where a constant temperature is assumed.

5.11.4 Operational leakage current

This is the final current, appearing after a longer working time (see para. 5.11.1 and
diagram 8). Typical values in uA can be obtained according to DIN standards by the following
formulae:

In accordance with DIN 41240 (high reliability versions)
7, 0:005 uA
= TIFxV
(whichever is the greater)

X CrRx Uror1 pA

Inaccordance with DIN 41332 (standard versions):

0.02 A
pFxV

CrisinpFand UginV
(To non-polarized capacitors twice the values apply.)

In = x Crx Ur + 3pA
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The test of the output leakage current can be performed at temperatures of 15 to 35°C/59 to
95°F. Compared to the value at 20° C the permissible limit values are to be multiplied by the
following factors:

Temperature °C/°F 15/59 20/68 25/77 30/86 35/95
Factor 0.8 1 1.5 2 25

Before the output measurement takes place that serves for judging the capacitors or even for
comparison of different products, a re-anodization is necessary in order to obtain the same
starting conditions. For this aim the capacitors must be applied to the rated voltage via a
series resistance of about 100 Q for Uz =100 V and about 1000 Q for Ug > 100 V and after-
wards stored for 12 to 48 hours without voltage at 15 to 35°C (59 to 95°F). The leakage current
measuring should take place within this period of storage. As far as the capacitors meet the
leakage current requirements without a re-anodization process, it can be omitted.

5.11.6 Leakage current behavior at voltage-free storage

The oxide film can be affected during voltage-free storage (especially at high storage temper-
atures). Since no leakage current flows, carrying oxygen ions to the anode, a regeneration of
the film is impossible. Consequently, on application of voltage after a storage period, the
leakage current will at firstincrease, however, with the increasing oxide film will gradually de-
crease to anormal amount. ‘
The capacitors can be stored without voltage for at least 1 year without any reduction of their
reliability (for storage temperatures see para. 6.3). They can be operated at rated voltage di-
rectly afterwards (the re-anodization according to para. 5.11.5 is therefore not a prerequisite
for the operation of the capacitors). However, during the first minutes of the switching-on pe-
riod the current values can be up to 100 times higher. This is to be taken into consideration
when designing the circuit.

5.12 Couplingimpedance

The coupling impedance Zk of multiple electrolytic capacitors indicates the coupling of par-
tial capacitances (see DIN 41328, sheet 1).

5.13 Dielectric strength of the insulating sleeve

Certain types of electrolytic capacitors are provided with insulation sleeves. The dielectric
strength of these electrolytic capacitors is greater than 500 V dc.

6. Climatic conditions

The climatic stress on the aluminum electrolytic capacitor has to be limited (partly for reliabil-
ity reasons and partly due to temperature dependence of the electric parameters). Minimum
and maximum temperature limits are most important climatic conditions for the aluminum
electrolytic capacitor. Furthermore, the arising humidity stress takes influence as well. Rele-
vantdatais also coded in the climatic category (IEC), (see para. 6.6).
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6.4 Lower storage temperature

The DIN specifications for aluminum electrolytic capacitors coordinate a respective lower
storage temperature with the lower temperature limit. Siemens aluminum electrolytic capa-
citors principally resist to the lowest of these lower storage temperatures, i.e. —65°C/—85°F,
without being damaged.

6.5 Humiidity stress

It has to be distinguished between aluminum electrolytic capacitors which have been espe-
cially protected against infiltrating humidity by special constructive measures (e.g. hermeti-
cally sealed case), and such versions with humidity protection sufficient for usual applica-
tions. The especially humidity resistant versions allow dew precipitation and are coded “C”
and "D", respectively, for the climatic category (IEC). DIN specifications provide the coding
“F" for standard versions, according to which no dew precipitation should occur. The respec-
tive Siemens aluminum electrolytic capacitors, however, also comply with the test conditions
of the humidity category “E”, according to which a rare and minor dew precipitation, as often
cannot be avoided (e.g. at a short opening of the outdoors installed equipment) is permissi-
ble.

6.6 Climatic categories

For the discription of the capacitor, uncoded temperature and humidity indications are too
complicated. The IEC publications use the so-called |IEC climatic categories. On the individual
data sheets both DIN and IEC indications are quoted. The climatic category also appears on
the electrolyte capacitor legend, as far as necessary and possible.

6.6.1 DIN climatic categories

According to DIN 40040 for aluminum electrolytic capacitors the climatic categories consist
of three code letters. The first indicates the lower temperature limit, the second the upper
temperature limit and the third the permitted humidity.

1stletter F G H
lower temperature limit —55°C/ —40°C/ —25°C/

—B7°F —40°F —13°F
2nd letter K P S
uppertemperature limit +125°C/ +85°C/ +70°C/

+257°F +185°F +158°F
3rdletter C D E F
rel. humidity per annual average = 95% = 80% = 75% = 75%
up to 30 days perannum 100% 100% 95% 95%
occasionally 100% 90% 85% 85%
dew precipitation permissible yes yes yes’) no

1) Contrary to humidity category F, a rare and minor dew precipitation is permissible for the humidity category E (e.g. ata
short opening of the outdoors installed equipment).
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7.3 Failure rate

The failure rate indicates the relation between the number of failed components and their to-
tal number, valid only for the appropriate required load duration. It is generally indicated in
per cent. ’ .

7.4 Relative failure rate

The relative failure rate is the failure rate related to the load duration. It indicates the number
of failures per component and time unit (failure per component hour).

7.4.1 Failure quota (fit)

The failure quota is principally another failure rate. It will, however, be indicated in failures per
10° component hours and helps to find the reliability prognosis in the usual failure rate calcu-
lation. In Anglo-American areas the failure quotais indicated as fi t (failure in time).

During usual application an aluminum electrolytic capacitor generally will not be operated up
toits maximum load limit. Long years of practice have shown that Siemens aluminum electro-
lytic capacitors have an experience guiding value of 20 fi t at 50% load and less than 40°C
(104°F) ambient temperature. For deviating load and temperature conditions see conversion
factors as listed below:

Loadrate Conversion Temperature Conversion
factor factor
100% 2 =40°C(104°F) 1
75% 15 ‘ 55°C(131°F) 3
50% 1 70°C(158°F) 8
25% 0.9 Jrmax 25
10% 0.8

Concluding these explications it must, however, be mentioned that the term failure quota
(fit = failure in time) does not necessarily presume the long term stability of the failure be-
havior.
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7.6 Operational life

The operational life indicates the period of time until a determined failure rate at defined fai-
lure criteria is reached. To forecast the expectable operational life, MIL-STD 690 B regula-
tions with a confidence coefficient of 60% are used.

Attemperatures above 40° C (104°F) up to the upper temperature limit at 10 K temperature in-
crease only one half of the normal operational life can be expected, based on a constant fai-
lure rate.

The operational life data indicated on the specific data sheet has been determined for Sie-
mens aluminum electrolytic capacitors under these conditions. This data is based on aload at
full category voltage U;. As explained in para 5.3 the operational life increases at reduced
voltage load. Figure 10 shows typical values of the operational life depending on the operating
voltage. If specific data applies to special types the appropriate data sheet gives the neces-
sary information.
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8.1 Working position of tubular case aluminum electrolytic capacitors

When electrolytic capacitors are operated, a leakage current steadily flows, and the dielectric
film regenerates because of the electrolytic refining process, but on the other hand the elec-
trolyte causes the generation of hydrogen. Thus, a slow pressure rise in the capacitor is
caused. By means of suitable overpressure protectorsithas been achieved that the gas, when
attaining a certain pressure, can be removed.

In order to avoid that during the “removing” a disturbing quantity of the electrolyte emerges,
the working positions as illustrated in DIN specifications 41248, 41250, 41238 are recom-
mended. They are aimed at not arranging the valves downward.

Example from DIN 41238:

o

Permissible working position range

When used horizontally the valve shall be in “12 o’clock position”.

When the pressure emerges it may happen that little electrolyte traces become visible in the
vicinity of the valve. But this doesn’t mean any disturbance of the capacitor function.

The optimum working position is the vertical, particularly when the capacitors are to be
mounted at their terminals (solder peaks) or on the threaded stud or socket.

It must, however, be emphasized that a deviating working position does not damage the
aluminum electrolytic capacitor. In this case a minor contamination of the electrolyte cannot
be excluded if the overpressure protector operates.

8.2 Resistance to vibration

Unless otherwise stated on the individual data sheets, the DIN specification 40046, sheet 8,
partial test B 1 with5 g, and IEC publication 68-2-6 applies:

Duration of endurance conditioning: 1.5hours

Frequencerange: 10to55Hz

Displacement amplitude: 0.35mm

8.3 Cleaning agents

Halogenated hydrocarbons can be of harmful influence when they directly act upon alumi-
num electrolytic capacitors. When cleaning printed circuit boards, after the soldering of com-
ponents, or removing the remainders of the fluxing agents by means of such solvents, care
should be taken that the electrolytic capacitors don’t get in direct touch with the cleaning
agent. If wetting of the electrolytic capacitors cannot be avoided, halogen-free solvents (for
examples refer to page 43) are to be used in order to exclude any damage of the electrolytic
capacitor.
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8.5 Weights of electrolytic capacitors
(typical values, deviations up to +30% possible)

Nominaldimensions | Weight Nominaldimensions | Weight

(mm) (9) (mm) (9)
3.2diax 11 0.36 25dia x 40 26
45diax 11 0.54 25 dia x 45 (43) 28
5.8diax 11 0.76 30dia x 45(43) 34
6.5diax 17.5 1.1 30dia x 55 (53) 42
8.5diax 17.5 1.8 35dia x 55(53) 57
10dia x 20 26 35diax 75(73) 78
10diax 25 3.2 40dia x 75(73) 100
12diax 30 5.4 40dia x 105 (103) 150
14diax 30 75 50dia x 80 170
16 dia x 30 9.3 50dia x 105 210
18diax 30 1 65dia x 105 360
18dia x 40 14 75dia x 105 480
21diax 40 18 75dia x 140 640
25dia x 35 19 75dia x 220 1100
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Taping of Electrolytic Capacitors

Coil Packaging parcel Dimensions in mm
: l
N~ wn
T oX 38
4'; Q@ ©
o
o
©
(2]
]
o
Tape spacing Coil width Parcel width
A B
63 = 78 approx. 92 \c /
a.
73%2 88 approx. 102 360\ q,/
e

3. Minimum order quantities for ordering taped electrolytic capacitors

The application of taped components in small quantities would not be economical, because the share
of the taping and packaging costs would then be too high. Moreover automatic assembly is only
profitable in larger quantities. Therefore, minimum quantities for ordering taped electrolytic capacitors
have been determined, corresponding to the size cf the reel or the parcel, respectively.

Rated diameter

Minimum order quantity

of the capacitor = contents of the package
(mm) (items)
3.2...34 5000
45...47 1800
5.8 1250
6.5...7.3 1000
85...8.9 800
10 700
12 600
14 500
16 300
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Electrolytic Capacitor — Axial | 82009

Aluminum electrolytic capacitor with etched Ordering Code Example
electrodes encapsulated in aluminum case
with external insulation. Axial leaded with Example: 2200/6.3 - 82009
negative pole connected to the case.
Capacitance (iF)
Rated Voltage (V)

Technical Data:

Order Number
General Specification:

IEC 384-4 Type GP and DIN 41332, Sheet 1 End sealed 820|06
o Order Number
Climatic Category DIN:
GPF [—40 to +85°C/ Humidity Category F}
According to DIN 40040.
Climatic Category IEC:
40/085/56 ,
Life Test: Conditions 1000h/+85°C/VR
Evaluation:
® AC/C: +25% of initially measured value.
® +gd<200% of initij'ly specified value.
e |r<than initially specified value.
Storage Test: Conditions 1000h/ + 85°C/OV

Evaluation:
® AC/C: +25% of initially measured value.
® 1 gd<200% of initially specified value.
e |r<than initially specified value.
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| 82009

RatedVoltage  |63vdc [10vac | 16vac | 25vac  |4ovac |e3vec | 10ovac |1sovee |250vac | 3s0vac
Rated Capacitance Rated dimensions d x | inches mm
uF | Tolerance
10 +50% 571x1.20
14.5x30.5
2 —10% 571x1.20 | .650x1.20
14.5x30.5 | 16.5%30.5
33 571x1.20 | .650x1.20
14.5x30.5 | 16.5%30.5
47 571x1.20 728x1.40
14.5x30.5 18.5x35.5
68 650x1.20 | .728x1.40 | .807x1.59
16.5x30.5 | 18.5%35.5 | 20.5x40.5
100 728x1.40 | .807x1.59 | 1.0x1.59
18.5x35.5 | 20.5%40.5 | 25.5x40.5
220 .650x1.20 |1.0x1.59
16.5x30.5 | 25.5%40.5
330 571x1.20 | .728x1.40 | 1.0x1.59
14.5x30.5 | 18.5x35.5 | 25.5x40.5
470 728x1.40 | .807x1.59
18.5x35.5 | 20.5x40.5
680 571x1.20 | .728x1.40 | 1.0x1.59
14.5x30.5 | 18.5x35.5 | 25.5x40.5
1000 571x1.20 | .728x1.40 | .807x1.59
14.5%30.5 | 18.5%35.5 | 20.5%40.5
2200 571x1.20 | .650x1.20 | .807x1.59 | 1.0x1.59
14.5x31.5 | 16.5x30.5 | 20.5%40.5 | 25.5x40.5
3300 571x1.20 | .650x1.20 | .728x1.40 | .807x1.59 | 1.0x1.59
14.5x30.5 | 16.5%30.5 | 18.5x35.5 | 20.5%40.5 | 25.5%40.5
4700 728x1.40 807x1.59 | 1.0x1.59
18.5x35.5 20.5%40.5 | 25.5x40.5
6800 728x1.40 807x1.59 [ 1.0x1.59
18.5x35.5 20.5%40.5 | 25.5x40.5
10000 .807x1.59 [ 1.0x1.59
20.5%40.5 | 25.5%40.5
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| 82049

Technical Data
General Specifications

Climatic Category
(in accordance with DIN 40040)

IEC

Life Test
1000 h/+85°C/UN

Storage Test

1000 h/ +85°C/OV

The measurements shall be
performed after application of
rated voltage to the capacitor

a series limiting resistor (appr.
1000Q2) for 30 minutes. Then the
capacitor must be stored for 24
to 48 hours at room temperature.

IEC 384-4, Type GP & DIN 41332, page 1
GPF (—40 at + 85°C/humidity category F)

40/085/56

Criteria:

A C/C + 25% of value initially measured
Tgd < 200% of value initially specified
I < than the value initially specified

Criteria:

A C/C + 25% of value initially measured
Tgd < 200% of value initially specified
I < than the value initially specified
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1 82049

Leakage Current Dissipation ESR max. Dimensions
Un Tol. —I, méax. Factor —tgdmax. | (120Hz,
Up Cn Cap.| (5", +20/25°C) (120 Hz, +20/ +20/25°C) D (o) L
v) (wF) (%) (nA) +25°C) ()
33 3,0 0,25 12,6 49 | 125
100 6,3 0,25 4,1 6.2 | 125
6,3 220 13,9 0,25 1,9 7 18
470 29,6 0,25 0,9 9 18
(7,2) 680 428 0,25 0,6 9 |18
2200 138,6 0,27 0,2 125 | 305
4700 296,1 0,31 0,1 16.5 | 30.5
6800 428,4 0,35 0,1 18.5 | 355
10000 630,0 0,41 0,1 18.5 | 40.5
47 4,7 0,20 71 6.2 | 125
68 6,8 0,20 4,9 6.2 | 125
10 100 10,0 0,20 3,3 7 18
330 33,0 0,20 1,0 9 18
(11,5) 1000 100,0 0,20 0,3 10.5 | 25.5
1500 150,0 0,20 0,2 12,5 | 30.5
2200 220,0 0,22 0,2 145 | 30.5
3300 330,0 0,24 0,1 16.5 | 30.5
4700 470,0 0,26 0,1 18.5 | 355
6800 680,0 0,30 0,1 18.5 | 40.5
10000 1000,0 0,36 0,1 20.5 | 40.5
) +20
15 3,0 0,17 18,8 49 | 125
22 3,5 0,17 12,8 49 | 125
16 33 5,3 0,17 8,5 6.2 | 125
47 7,5 0,17 6,0 6.2 | 125
(18,4) 100 16,0 0,17 2,8 7 18
150 24,0 0,17 1,9 7 18
220 35,2 0,17 1,3 9 18
470 75,2 0,17 0,6 105 | 25.5
680 108,8 0,17 0,4 105 | 25.5
1000 160,0 0,17 0,3 125 | 30.5
1500 240,0 0,17 0,2 145 | 305
2200 352,0 0,19 0,1 16.5 | 30.5
3300 528,0 0,21 0,1 185 | 35.5
4700 752,0 0,23 0,1 18.5 | 40.5
6800 1088,0 0,27 0,1 20.5 | 40.5
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Leakage Current Dissipation ESR max. Dimensions
Un Tol. — I, max. Factor — tgd max. (120 Hz,
Up Cn Cap.| (5", +20/25°C) (120 Hz, +20/ +20/25°C) D) | L
v) (»F) (%) (nA) +25°C) @)
1,5 3,0 0,10 110,5 49 | 125
2,2 3,0 0,10 75,4 49 | 125
3,3 3,0 0,10 50,2 6.2 | 125
4,7 3,0 0,10 35,3 6.2 | 125
63 6,8 4.3 0,10 24,4 7 18
10 6,3 0,10 16,6 7 18
(72,4) 22 13,9 0,10 7.5 9 18
33 20,8 0,10 5,0 9 18
47 29,6 0,10 3,5 9 18
68 42,8 0,10 2,4 9 18
100 63,0 0,10 1,7 105 | 25.5
220 138,6 0,10 0,8 125 | 30.5
330 207,9 0,10 0,5 145 | 30.5
470 296,1 0,10 0,4 16.5 | 30.5
680 428,4 0,10 0,2 18.5 | 40.5
1000 630,0 0,10 0,2 18.5 | 40.5
1500 945,0 0,10 0,1 20.5 | 40.5
2200 1386,0 0,10 0,1 255 | 40.5
+20
0,1 3,0 0,08 1326,3 49 | 125
0,15 3,0 0,08 884,2 49 | 125
0,22 3,0 0,08 602,9 49 | 125
0,33 3,0 0,08 401,9 49 | 125
0,47 3,0 0,08 282,2 49 | 125
0,68 3,0 0,08 195,0 49 | 125
100 1 3,0 0,08 132,6 49 | 125
1,5 3,0 0,08 88,4 6.2 | 125
(115) 2,2 3,0 0,08 60,3 6.2 | 125
33 3,3 0,08 40,2 7 18
47 47 0,08 28,2 7 18
6,8 6,8 0,08 19,5 7 18
10 10,0 0,08 13,3 9 18
22 22,0 0,08 6,0 9 18
33 33,0 0,08 4,0 105 | 255
47 47,0 0,08 2,8 105 | 255
68 68,0 0,08 2,0 105 | 255
100 100,0 0,08 1,3 12,5 | 30.5
150 150,0 0,08 0,9 125 | 30.5
220 220,0 0,08 0,6 16.5 | 30.5
330 330,0 0,08 0.4 18.5 | 355
470 470,0 0,08 0,3 18.5 | 40.5
680 680,0 0,08 0,2 20.5 | 405
1000 1000,0 0,08 0,1 20.5 | 405
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Electrolytic Capacitor — Small (Axial) 1 81009

Electrolytic Capacitor with etched aluminum Ordering Code Example
electrodes, encapsulated in aluminum case
with external insulation. They are Axial Lead- Example: 47 /25 - 81009

ed with negative pole connected to the case.
Capacitance (pF)

Rated Voltage (V)
Technical Data: Order Number
General Specification:
IEC 384-4 Type GP and DIN 41332, Sheet 1 End sealed 81006
. Order Number
Climatic Category DIN:
GPF [—40 to +85°C/ Humidity Category F]
According to DIN 40040.
Climatic Category IEC:
40/085/56
Life Test: Conditions 1000h/+85°C/UR
Evaluation:
® AC/C: +25% of initially measured value.
® +g3<200% of initially specified value.
o |r<than initially specified value.
Storage Test: Conditions 1000h/ + 85°C/OV

Evaluation:
® AC/C: +25% of initially measured value.
® +g3<200% of initially specified value.
® [r<than initially specified value.
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Electrolytic Capacitor — Small (Axial)

I 81009

RatedVolage  [5.3vde | 10vac [16vde |25vec  |aovae  |esvec  [toovec [16ovac |2sovec |ssovee
Rated Capacitance Rated dimensions d x | inches mm
wF Tolerance
1 354¢.709
9.0x18.0
2.2 .354x.709 | .354x.709
9.0x18.0 {9.0x18.0
3.3 354x.700 | .413x1.0
9.0x18.0 |10.5x25.5
47 | +50% 276x.709 354x.700 | 413x1.0
7.0¢18.0 9.0x18.0 |10.5x25.5
68 | —10% 276x.700 | .354x.709 41310
7.0¢18.0 |9.0x18.0 10.5%25.5
—
10 276x.709 |.354x.709 413x1.0
7.0¢18.0 |9.0x18.0 10.5¢25.5
~——
22 276x.709 354x.709 | .413x1.0
7.0x18.0 9.0x18.0 |10.5%25.5
33 276x.709 | .354x.709 | .413x1.0
7.0x18.0 |9.0x18.0 [10.5x25.5
4 276x.709 354x.709 |.413x1.0
7.018.0 9.0x18.0 {10.5x25.5
68 276x.709 4310 |.492x1.20
7.018.0 10.5x25.5 [12.5430.5
100 276x.709 354x.709 A413x1.0 |.492x1.20
7.0x18.0 9.0x18.0 10.525.5 [12.5¢30.5
220 354%.709 41310 | .492x1.20
9.0x18.0 10.5x25.5 |12.5x30.5
D
330 3540700 413010
9.0x18.0 10.5%25.5
470 354x.709 41341.0 492x1.20
9.018.0 10.5%25.5 12.5%30.5
680 413010 | .492x1.20
10.5x25.5 | 12.5x30.5
—
1000 413010 492x1.20
10.5x25.5 12.5%30.5
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Electrolytic Capacitor — Small (Axial) 1 81009

Ac power handling capacity lac versus

frequency f
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I 81049

Technical Data
General Specifications
Climatic Category

(inaccordance with DIN 40040)

IEC

Life Test
1000 h/+85°C/UN

Storage Test

1000 h/ +85°C/OV

The measurements shall be
performed after application of
rated voltage to the capacitor

a series limiting resistor (appr.
1000Q) for 30 minutes. Then the
capacitor must be stored for 24
to 48 hours at room temperature.

IEC 384-4, Type GP & DIN 41332, page 1
GPF (—40 at + 85°C/humidity category F)

40/085/56

Criteria:

A C/C = 25% of value initially measured
Tgd < 200% of value initially specified
I < than the value initially specified

Criteria:

A C/C = 25% of value initially measured
Tgd < 200% of value initially specified
I < thanthe value initially specified
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| 81049

Leakage Current Dissipation ESR max. Dimensions
Un Tol. —Ir max. Factor — tgd max. (120 Hz,
Up Cn Cap.| (57, +20/25°C) (120 Hz, +20/ +20/25°C) D (o) L
v) (nF) (%) (A) +25°C) ()
33 3,0 0,25 12,6 49 | 125
100 6,3 0,25 4,1 6.2 | 125
6,3 220 13,9 0,25 1,9 7 18
470 29,6 0,25 0,9 9 18
(7,2) 680 42,8 0,25 0,6 9 18
2200 138,6 0,27 0,2 12,5 | 30.5
4700 296,1 0,31 0,1 16.5 | 30.5
6800 428,4 0,35 0,1 18.5 | 355
10000 630,0 0,41 0,1 18.5 | 40.5
47 4,7 0,20 7,1 6.2 | 125
68 6,8 0,20 4,9 6.2 | 125
10 100 10,0 0,20 3,3 7 18
330 33,0 0,20 1,0 9 18
(11,5) 1000 100,0 0,20 0,3 105 | 255
1500 150,0 0,20 0,2 12.5 | 30.5
2200 220,0 0,22 0,2 14.5 | 30.5
3300 330,0 0,24 0,1 16.5 | 30.5
4700 470,0 0,26 0,1 18.5 | 35.5
6800 680,0 0,30 0,1 18.5 | 405
10000 1000,0 0,36 0,1 20.5 | 405
+20
15 3,0 0,17 18,8 49 | 125
22 3,5 0,17 12,8 49 | 125
33 5,3 0,17 8,5 6.2 | 125
47 7.5 0,17 6,0 6.2 | 125
100 16,0 0,17 2,8 7 18
150 24,0 0,17 1,9 7 18
220 35,2 0,17 1,3 9 18
470 75,2 0,17 0,6 105 | 255
680 108,8 0,17 0,4 105 | 255
1000 160,0 0,17 0,3 12,5 | 30.5
1500 240,0 0,17 0,2 14.5 | 30.5
2200 352,0 0,19 0,1 16.5 | 30.5
3300 528,0 0,21 0,1 18.5 | 355
4700 752,0 0,23 0,1 18.5 | 405
6800 1088,0 0,27 0,1 20.5 | 40.5
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181049

Leakage Current

Dissipation

ESR max.

Un Tol. —lmax.  |Factor-tgdméx.| (120Hz, | D'mensions
Up Cu  |Cap.| (5+2025°C) | (120Hz +20/ | +2026°C) [5 T
v) (F) (%) (nA) +25°C) Q)
15 3,0 0,10 10,5 | 49 | 125
22 3.0 0,10 754 | 49 | 125
3.3 3,0 0,10 502 | 62| 125
47 3.0 0,10 353 | 62| 125
63 6,8 43 0.10 244 | 7 |18
10 6,3 0.10 166 | 7 |18
72.4) 22 13,9 010 75 | 9 |18
33 20,8 0,10 50 | 9 |18
47 296 0,10 35 | 9 |18
68 428 0,10 24 | 9 |18
100 63.0 0,10 17 | 105 | 255
220 1386 0,10 08 | 125|305
330 207.,9 0,10 05 | 145 | 305
470 2961 0,10 04 | 165 | 305
680 428,4 0,10 02 | 185 | 405
1000 630,0 - 0,10 0.2 | 185 | 405
1500 945,0 0,10 01 | 205 | 405
2200 1386,0 0,10 01 | 255 | 405
+ 20
0,1 3,0 0,08 13263 | 49 | 125
0.15 3.0 0,08 8842 | 49 | 125
0,22 3,0 0,08 6029 | 49 | 125
0.33 3.0 0,08 4019 | 49 | 125
0,47 3.0 0,08 2822 | 49 | 125
0,68 3.0 0,08 1950 | 49 | 125
100 1 3.0 0,08 1326 | 49| 125
15 3.0 0,08 884 | 62| 125
(115) 22 3,0 0,08 603 | 62125
33 33 0,08 a2 | 7 |18
47 47 0,08 82 | 7 |18
6.8 6.8 0,08 195 | 7 |18
10 10,0 0,08 133 | 9 |18
22 22,0 0,08 60 | 9 |18
33 33,0 0,08 40 | 105|255
47 47,0 0,08 28 | 105 | 255
68 68,0 0,08 20 | 105 | 255
100 100,0 0,08 13 | 125 | 305
150 150,0 0,08 09 | 125 | 305
220 220.0 0,08 0.6 | 165 | 305
330 330,0 0,08 04 | 185 | 355
470 4700 0.08 03 | 185 | 405
680 680,0 0,08 02 |205 | 405
1000 10000 0,08 01 | 205 | 405
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Electrolytic Capacitor 1 80009

Electrolytic Capacitor with etched aluminum Ordering Code Example
electrode encapsulated in aluminum case

with external insulation. They are Axial Lead- Example: 10/25-80009 80006
ed with negative pole connected to the case.

Capacitance (wF)

Rated Voltage (V)

Technical Data: Order Number

General Specification:

End Sealed
IEC 384-4 Type GP and DIN 41332, Sheet 1

Ordering Code

Climatic Category DIN:
GPF [—40 to +85°C/ (Humidity Category F)]
According to DIN 40040.

Climatic Category IEC:
(According to DIN 40040) 40/085/56

Life Test: Conditions 1000h/+85°C/UN
Evaluation:
® AC/C: +25% of initially measured value.
® 1 g3<200% of initially specified value.
e |r<than initially specified value.
Storage Test: Conditions 1000h/ + 85°C/OV
Evaluation:
® AC/C: +25% of initially measured value.

® +3g3<200% of initially specified value.
e |r<than initially specified value.
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Electrolytic Capacitor

180009

Rated Voltage 63vdc | 1ovic |16vac |25vdc [4ovec |esvdc | 100vee
Rated Capacitance Rated dimensions d x | inches mm
wF Tolerance
.33 .193x.492
4.9x12.5
47 .193x.492
4.9x12.5
.68 .193x.492
4.9x12.5
1 +100% .193x.492
4.9x12.5
2.2 —-10% .193x.492 | .244x.492
4.9x12.5 [6.2x12.5
3.3 .244x.492
6.2x12.5
4.7 .193x.492 | .244x.492
4.9x12.5 |6.2x12.5
6.8
10 .193x.492 |.244x.492
4.9x12.5 {6.2x12.5
22 .193x.492 | .244x.492
4.9x12.5 |6.2x12.5
33 .193x.492 | .244x.492
49x12.5 |6.2x12.5
47 .244x.492
6.2x12.5
68 .193x.492 | .244x.492
4.9x12.5 [6.2x12.5
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Electrolytic Capacitor 180009

Load duration B versus
ambient temperature 9amb
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I 80049

Technical Data
General Specifications

Climatic Category
(in accordance with DIN 40040)

IEC

Life Test
1000 h/+85°C/UN

Storage Test

1000 h/ + 85°C/OV

The measurements shall be
performed after application of
rated voltage to the capacitor

a series limiting resistor (appr.
10002) for 30 minutes. Then the
capacitor must be stored for 24

to 48 hours at room temperature.

IEC 384-4, Type GP & DIN 41332, page 1
GPF (—40 at +85°C/humidity category F)

40/085/56

Criteria:

A C/C = 25% of value initially measured
Tgd < 200% of value initially specified
I < than the value initially specified

Criteria:

A C/C = 25% of value initially measured
Tgd < 200% of value initially specified
I < than the value initially specified
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| 80049

Leakage Current Dissipation ESR max. Dimensions
Un Tol. ~Iy max. Factor — tgdmax. | (120Hz,
Up Cn Cap.| (5", +20/25°C) (120 Hz, +20/ +20/25°C) D (o) L
V) (nF) (%) (nA) +25°C) (0]
33 3,0 0,25 12,6 49 | 125
100 6,3 0,25 41 6.2 | 125
6,3 220 13,9 0,25 1,9 7 18
470 29,6 0,25 0,9 9 18
(7,2) 680 42,8 0,25 0,6 9 18
2200 138,6 0,27 0,2 12,5 | 30.5
4700 296,1 0,31 0,1 16.5 | 30.5
6800 428,4 0,35 0,1 18.5 | 35.5
10000 630,0 0,41 0,1 18.5 | 40.5
47 4,7 0,20 71 6.2 | 125
68 6,8 0,20 4,9 6.2 | 125
10 100 10,0 0,20 33 7 18
330 33,0 0,20 1,0 9 18
(11,5) 1000 100,0 0,20 0,3 105 | 255
1500 150,0 0,20 0,2 12,5 | 30.5
2200 220,0 0,22 0,2 14.5 | 30.5
3300 330,0 0,24 0,1 16.5 | 30.5
4700 470,0 0,26 0,1 18.5 | 35.5
6800 680,0 0,30 0,1 18.5 | 40.5
10000 1000,0 0,36 0,1 20.5 | 40.5
+20
15 3,0 0,17 18,8 49 | 125
22 3,5 0,17 12,8 49 | 125
33 53 0,17 8,5 6.2 | 125
47 7,5 0,17 6,0 6.2 [ 125
100 16,0 0,17 2,8 7 18
16 150 24,0 0,17 1,9 7 18
(18,4) 220 35,2 0,17 1,3 9 18
470 75,2 0,17 0,6 105 | 25,5
680 108,8 0,17 0,4 10.5 | 25,5
1000 160,0 0,17 0,3 12.5 | 30.5
1500 240,0 0,17 0,2 14.5 | 30.5
2200 352,0 0,19 0,1 16.5 | 30.5
3300 528,0 0,21 0,1 18.5 | 355
4700 752,0 0,23 0,1 18.5 | 40.5
6800 1088,0 0,27 0,1 20.5 | 40.5
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1 80049

Leakage Current Dissipation ESR max. Dimensions
Un Tol. -/, max. Factor —tgdmax. | (120Hz,
Up Cn Cap.| (5', +20/25°C) (120 Hz, +20/ +20/25°C) D (o) L
v) (F) (%) (rA) +25°C) @)
1,5 3,0 0,10 110,5 49 | 125
2,2 3,0 0,10 75,4 49 | 125
3,3 3,0 0,10 50,2 6.2 | 125
4,7 3,0 0,10 35,3 6.2 | 125
63 6,8 4,3 0,10 24,4 7 18
10 6,3 0,10 16,6 7 18
(72,4) 22 13,9 0,10 7,5 9 18
33 20,8 0,10 5,0 9 18
47 29,6 0,10 3,5 9 18
68 42,8 0,10 2,4 9 18
100 63,0 0,10 1,7 10.5 | 25.5
220 138,6 0,10 0,8 12.5 | 30.5
330 207,9 0,10 0,5 145 | 30.5
470 296,1 0,10 0,4 16.5 | 30.5
680 428,4 0,10 0,2 18.5 | 40.5
1000 630,0 0,10 0,2 18.5 | 40.5
1500 945,0 0,10 0,1 20.5 | 405
2200 : 1386,0 0,10 0,1 25.5 | 405
+20
0,1 3,0 0,08 1326,3 49 | 125
0,15 3,0 0,08 884,2 49 | 125
0,22 3,0 0,08 602,9 49 | 125
0,33 3,0 0,08 401,9 4.9 | 125
0,47 3,0 0,08 282,2 4.9 | 125
0,68 3,0 0,08 195,0 49 | 125
100 1 3,0 0,08 132,6 49 | 125
1,5 3,0 - 0,08 88,4 6.2 | 125
(115) 2,2 3,0 0,08 60,3 6.2 | 125
3,3 3,3 0,08 40,2 7 18
47 47 0,08 28,2 7 18
6,8 6,8 0,08 19,5 7 18
10 10,0 0,08 13,3 9 18
22 22,0 0,08 6,0 9 18
33 33,0 0,08 4,0 10.5 | 25.5
47 47,0 0,08 2,8 105 | 25.5
68 68,0 0,08 2,0 10.5 | 255
100 100,0 0,08 1,3 12,5 | 30.5
150 150,0 0,08 0,9 12,5 | 30.5
220 220,0 0,08 0,6 16.5 | 30.5
330 330,0 0,08 0,4 185 | 35.5
470 470,0 0,08 0,3 18.5 | 40.5
680 680,0 0,08 0,2 20.5 | 405
1000 1000,0 0,08 0,1 20.5 | 40.5
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Electrolytic Capacitor 1 85209
Aluminium electrolytic Capacitor with etched Ordering Code Example
electrodes, encapsulated in aluminum case
with external insulation. They are radial Lead- Example: 10/25 - 85209
ed, special for vertical mounting.
Capacitance (iF)
Rated Voltage (V)
Order Number
i 85206
Technical Data: End Sealed
General Specification:
IEC 384-4 Type GP and DIN 41332, Sheet 1
Climatic Category DIN:
GPF [—40 to +85°C/ Humidity Category F]
According to DIN 40040.
Climatic Category IEC:
40/085/56 )
Life Test: Conditions 2000h/ + 85°C/UN or 500h/ 4+ 105°C/UN
Evaluation:
® AC/C: £25% of initially measured value.
® +g3<200% of initially specified value.
o Ir<than initially specified value.
Storage Test: Conditions 1000h/ + 85°C/OV

Evaluation:
® AC/C: +25% of initially measured value.
® -+35<200% of initially specified value.
e |r<than initially specified value,
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| 85209

Rated Voltage 6.3Vdc J 10Vde J 16 Vde J 25Vdc J 40Vdc I 63Vdc J 100Vch 160 Vdc J 250 Vdc
Rated Capacitance Rated dimensions d x | inches mm
wF Tolerance
.33 .217x.472 | .268x.531 | .335x.531
5.5x12 6.8x13.5 | 8.5x13.5
A7 217x.472 | .268x.531 | .355x.531
5.5x12 6.8x13.5 | 8.5x13.5
.68 .217x.472 | .268x.531 | .355x.531
5.5x12 6.8x13.5 8.5x13.5
1.0 217x.472 | .268x.531 | .355x.531
5.5x12 6.8x13.5 | 8.5x13.5
2.2 217x.472 | .268x.531 | .335x.531 | .413x.531
5.5x12 6.8x13.5 | 8.5x13.5 | 10.5x13.5
3.3 .217x.472 | .268x.531 | .335x.531 | .413x.531
5.5x12 6.8x13.5 | 8.5x13.5 | 10.5x13.5
4.7 +100% .217x.472 | .268x.531 | .335x.531 | .413x.531 | .413x.827
-10% 5.5x12 6.8x13.5 | 8.5x13.5 | 10.5x13.5 | 10.5x21
6.8 .217x.472 | .268x.531 | .335x.531 | .413x.531 | .413x.827
5.5x12 6.8x13.5 | 8.5x13.5 | 10.5x13.5 | 10.5x21
10 .217x.472 | .268x.531 | .335x.531 | .413x.531 | .413x.827 | .512x1.02
5.5x12 6.8x13.5 | 8.5x13.5 | 10.5x13.5 | 10.5x21 13.26
22 .217x.472 | .268x.531 | .335x.531 | .413x.531 | .413x.827 | .512x1.02 | .650x1.02
5.5x12 6.8x13.5 | 8.5x13.5 | 10.5x13.5 | 10.5x21 13x26 16.5x26
33 .217x.472 | .268x.531 | .335x.531 | .413x.531 | .413x.827 | .512x1.20 | .650x1.02
5.5x12 6.8x13.5 8.5x13.5 10.5x13.5 | 10.5x21 13x26 16.5x26
47 .217x.472 .268x.531 | .335x.531 | .413x.531 413x.827 | .650x1.02 | .728x1.28
5.5x12 6.8x13.5 | 8.5x13.5 | 10.5x13.5 10.5x21 16.5x26 18.5x32.5
68 .217x.472 .268x.531 | .335x.531 | .413x.531 | .413x.827 | .512x1.02 | .650x1.02 | .728x1.28
5.5x12 6.8x13.5 | 8.5x13.5 | 10.5x13.5 | 10.5x21 13x26 16.5x26 18.5x32.5
100 .268x.531 .335x.531 | .413x.531 .413x.827 | .512x1.02
6.8x13.5 8.5x13.5 | 10.5x13.5 10.5x21 13x26
220 .335x.531 .413x.531 | .413x.827 .512x1.02 | .650x1.28
8.5x13.5 10.5x13.5 | 10.5x21 13x26 16.5x32.5
330 .413x.531 413x.827 | .512x1.02 | .650x1.02 | .728x1.28
10.5x13.5 10.5x21 13x26 16.5x26 18.5x32.5
470 .413x.531 413x.827 | .512x1.02 | .650x1.02 | .650x1.28
10.5x13.5 10.5x21 13x26 16.5x26 16.5x32.5
680 413x.827 .512x1.02 | .650x1.02 | .728x1.28
10.5x21 13x26 16.5x26 18.5x32.5
1000 .413x.827 512x1.02 | .650x1.02 | .650x1.28
10.5x21 13x26 16.5x26 16.5x32.5
2200 +50% [.512x1.02 | .650x1.02 | .650x1.28 | .728x1.28
—-10% [13x26 16.5x26 16.5x32.5 | 18.5x32.5
3300 .650x1.02 | .650x1.28 | ,728x1.28
16.5x26 16.5x32.5 | 18.5x32.5
4700 .650x1.28 | .728x1.28
16.5x32.5 | 18.5x32.5
6800 .728x1.28
18.5x32.5
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Electrolytic Capacitor 1 85209
CN UN | Dissapation | Capacitance ESR Leakage | Ripple Basic Weights
(F) | (Up) Factor Tolerance | 120HZ | Current | Current | Dimensions
({)] tg. 5. max. 120 HZ +20/ | IR-max. | IN-max. (mm)
120 HZ +20/4+25°C | +25°C | (5min. (85°C D L
+20/+25°C (%) Q +20/ 120HZ | (g)
+25°C (uA)] (mA)

0.47 | 100 0.10 313.5 4 8 5 11 0.45g
1 (115) 0.10 147.3 5 11 5 i 0.45g
2.2 0.10 66.98 7 20 6.3 | 11 0.55¢
4.7 0.10 31.35 12 34 8 |12.5]| 1.00g
10 0.10 14.74 23 55 10 | 12.5 | 1.50g
22 0.10 6.70 47 100 10 | 20 2.30g
47 0.10 3.14 97 140 10 20 2.30g
100 0.10 1.47 203 250 125 | 25 4.00g
220 0.10 0.67 443 470 16 | 31.5| 8.00g
0.47 | 160 0.20 627.09 22 7 6.3 | 11 0.55¢
1 (176) 0.20 294.73 25 10 6.3 | 11 0.55g
2.2 0.20 133.97 31 17 8 |[125| 1.00g
47 0.20 62.71 43 27 10 | 12.5| 1.50g
10 0.20 29.47 68 46 10 | 20 2.30g
22 0.20 13.4 126 85 125 25 4.00g
47 0.20 6.27 246 140 16 | 25 7.00g
0.47 | 250 0.20 627.09 24 8 8 |12.5] 1.00g
1 (275) 0.20 249.73 28 11 8 |12.5| 1.00g
2.2 0.20 133.97 37 19 10 | 12.5 ] 1.50g
4.7 0.20 62.71 55 32 10 | 20 2.30g
10 0.20 29.47 95 60 125 | 25 4.00g
22 0.20 13.40 185 96 16 | 25 7.00g
47 0.20 6.27 373 150 18 | 31.5| 8.00g
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Electrolytic Capacitor — Single Ended 185049
Aluminium electrolytic Capacitor with etched Ordering Code Example
electrodes, encapsulated in aluminum case
with external insulation. They are radial Lead- Example: 47 /10 - 85049
ed, special for vertical mounting. __l
High capacitance, voltage product for volume Capacitance (uF)
unit, with capacitance tolerance of +20%.

Rated Voltage (V)

Order Number

85046

Technical Data: End Sealed ——m8 ———1

General Specification:
IEC 384-4 Type GL and DIN 41332, Sheet 1

Climatic Category DIN:
GPF [-40 to +85°C/ Humidity Category F]
According to DIN 40040.

Climatic Category IEC:
40/085/56
Leakage Current (5 minutes) IR < 0.01 - CR - UR - + 2 (pA)

Life Test: Conditions 2000h/+ 85°C/UN or 500h/ + 105°C/UN
Evaluation:
® AC/C: +25% of initially measured value.
® +gd3<200% of initially specified value.
e |r<than initially specified value.

Storage Test: Conditions 1000h/ + 85°C/OV
Evaluation:
® AC/C: +25% of initially measured value.
@ +gd<200% of initially specified value.
e [r<than initially specified value.
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Electrolytic Capacitor — Single Ended 185049

Rated Voltage

6.3Vde | 10vdc | 16V | 25vec | 40vac | sovde | 63vac | 100vdc | 160vdc | 250vde | 3sovac

Rated Capacitance

Rated dimensions d x | inches mm

wF Tolerance

0.1 5x11

0.15 5x11

0.22 5x11

0.33 5x11

47 5x11 6.3x11  |8x12.5
68 | =20% 5x11 6.3x11  [8x12.5
1 5x11 | 6.3x11 | 8x125 [10x12.5
15 5x11 | 6.3x11 | 8x125 [10x125
2.2 511 | 8x125 | 10x12.5 [10x12.5
3.3 5x11 10x12.5 [10x20
4.7 5x11 5x11 6.3x11 10x12.5 | 10x12.5 |10x20
6.8 5x11 | 5x11  [6.3x11 | 10x12.5 10x20
10 5x11 | 6.3x11 | 8x125 | 10x20 | 10x20 |12.5x25
15 511 6.3x11 | 8x125 | 10x20 12.5x25
22 5x11 6.3x11 | 8x12.5 [10x12.5 [ 12.5%25 | 12.5x25 [16x25
33 511 6.3x11 8x12.5 |10x12.5 16x25 | 16x31.5
47 5x11 6.3x11 8x12.5x | 10x125 [10x20 | 16x25 | 16x31.5 |18x31.5
68 5x11 | 6.3x11 8x12.5 | 10x12.5 10x20 | 16x25 | 16x31.5

100 5x11 | 6.3x11 | 8x12.5 | 8x12.5 | 10x12.5 10x20 | 12.5x25 | 16x31.5

150 | +20% [6.3x11 8x12.5 | 10x12.5 10x20 12.5x25

220 8x12.5 | 10x12.5 | 10x20 | 10x20 | 10x20 | 12.5x25 | 16x25

330 8x12.5 | 10x12.5 10x20 12.5x25 | 16x31.5

470 10x12.5 | 10x20 | 10x20 | 12.5x25 16x25 | 18x31.5

680 10x20 16x25 | 16x31.5 | 18x31.5

1000 10x20 12.5x25 | 16x25 16x31.5

1500 12.5x25 | 16x25 | 16x31.5 | 18x31.5

2200 12.5x25 | 16x25 | 16x25 | 18x31.5

3300 16x25 | 16x31.5 | 18x31.5

4700 16x31.5 | 18x31.5

6800 18x31.5

199



Electrolytic Capacitor — Single Ended 185049
CR UR | Dissapation | Capacitance ESR Leakage | Ripple Basic Weights
(wF) | (Up) Factor Tolerance | 120HZ | Current | Current | Dimensions
(V) | tg.5.max. 120HZ +20/ | IR-max. | IN-max. (mm)
120 HZ +20/+25°C | +25°C | (5min. (85°C D L
+20/+25°C (%) Q +20/ | 120HZ | (@)
+25°C (uA)|  (mA)

22 0.15 11.3 44 5 11 0.45g
47 0.15 5.29 75 6.3 11 0.55¢g
100 0.15 2.49 130 8 [12.5| 1.00g
150 0.15 1.66 180 10 | 12.5 | 1.50g
220 0.15 1.13 250 10 | 20 2.30g
330 25 0.15 0.75 310 10 20 2.30g
470 |(28.8) 0.15 0.53 370 10 | 20 | 2.30g
1000 0.15 0.25 750 16 25 7.00g
1500 0.15 0.17 1000 16 | 31.5 | 8.00g
2200 0.17 0.13 1200 18 | 31.5| 10.0g
15 0.12 13.3 41 5 1 0.45g
33 0.12 6.03 70 6.3 1 0.55¢
68 0.12 2.93 120 8 |12.5| 1.00g
100 0.12 1.99 160 10 [ 12.5 | 1.50g
220 0.12 0.91 280 10 20 2.30g
470 40 0.12 0.43 510 125 25 4.00g
680 (46) 0.12 0.29 690 16 25 7.00g
1500 0.12 +20 0.13 1200 18 | 31.5| 10.0g
4.7 0.10 35.9 20 5 11 0.45g
6.8 0.10 24.5 25 5 11 0.45g
10 0.10 16.6 36 5 1 0.45g
22 0.10 7.53 60 6.3 11 0.55¢
47 0.10 3.53 110 8 |12.5| 1.00g
68 0.10 2.44 145 10 | 12,5 | 1.00g
150 50 0.10 1.10 260 10 20 2.30g
220 | (57.5) 0.10 0.75 310 10 20 2.30g
680 0.10 0.24 890 16 | 31.5| 8.00g
1000 0.10 - 0.17 1000 16 | 31.5 | 8.00g
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Electrolytic Capacitor — Single Ended 185049
CR UR | Dissapation | Capacitance ESR Leakage | Ripple Basic Weights
(wF) | (Up) Factor Tolerance | 120HZ | Current | Current | Dimensions
()] tg. 5. max. 120 HZ +20/ | IR-max. | IN-max. (mm)
120 HZ +20/+25°C | +25°C | (5min. (85°C D L
+20/+25°C (%) Q + 20/ 120 HZ (9)
+25°C (uA)| (mA)
1 0.16 265 10 63 | 1 0.55g
1.5 0.16 177 13 6.3 | 1 0.55g
2.2 0.16 124 18 8 |12.5| 1.00g
4.7 0.16 55 30 10 | 12.5 | 1.50g
6.8 0.16 39 36 10 | 12.5| 1.50g
10 0.16 26 55 10 20 2.30g
15 160 0.16 18 65 10 20 2.30g
22 | (176) 0.16 12 95 125 | 25 4.00g
47 0.16 5.65 160 16 25 7.00g
68 0.16 3.90 190 16 25 7.00g
100 0.16 2.65 250 16 | 31.5 | 8.00g
0.47 0.18 635 7 6.3 | 11 0.55g
0.68 0.18 434 8 6.3 | 1 0.55g
1 0.18 298 12 8 |[12.5| 1.00g
1.5 0.18 199 14 8 | 125 | 1.00g
2.2 0.18 140 20 10 | 12.5 | 1.50g
3.3 0.18 92 24 10 | 12.5] 1.50g
4.7 0.18 64.5 29 10 | 12.5| 1.50g
10 250 0.18 30 50 10 20 2.30g
22 | (279) 0.18 13.5 85 125 25 4.00g
33 0.18 9.05 125 16 25 7.00g
47 0.18 6.35 160 16 | 31.5 | 8.00g
68 0.18 4.39 200 16 | 31.5 | 8.00g
0.47 0.20 705 8 8 |[12.5| 1.00g
0.68 0.20 487 9 8 |12.5| 1.00g
1 0.20 332 12 10 | 12.5 | 1.50g
1.5 0.20 221 15 10 | 12.5| 1.50g
2.2 0.20 155 18 10 | 12.5| 1.50g
3.3 0.20 101 27 10 20 2.30g
4.7 0.20 70 32 10 20 2.30g
6.8 0.20 48 38 10 20 2.30g
10 350 0.20 33 60 125 | 25 4.00g
15 | (385) 0.20 22 70 125 | 25 4.00g
22 0.20 15 95 16 25 7.00g
33 0.20 10 130 16 | 31.5 | 8.00g
47 0.20 7.05 170 18 | 31.5| 10.0g
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Aluminum Electrolytic Capacitor — 1 85555
Single Ended, Low Leakage

The Mini-super, radial leaded, Aluminum Ordering Code:
Electrolytics are available in capacity values :
from 0.1pF to 100nF and in voltalge ratings Example: 10/25 /85555
from 10V to 63V. Their small size and low
Ieak'age currents are comparable tq their Capacity
equivalent tantalum counterparts. Their cost
is considerably less. Voltage
Part Number
85556
End Sealed ————— |

Lead Spacing and Diameter (mm)

Case Spacing (S) | Diameter (d)

5.5x12 2.0 0.5
6.8x12 25 0.5
8.5x13.5 35 0.5

Technical Data

Operating Temperature Range: —40°to +85°

Leakage Current: (Max) after 2 min. of applied rated voltage at 25°C.

Ir = .002xCxV or .4pA

Ir = Leakage Currentin pA
C = Capacity in uF

V = Rated Voltage

Dissipation Factor: Tandat25°C and 120 Hz
\ 10 16 25 63

Tan?d 2 A7 15 A
Surage Voltage: 1.25xVdc
Life Test: 2,000 hours at 85°C with voltage applied.

or
(1,000 hrs./+ 95°C/Unor
500 hrs./+105°/Un)

Failure Criteria: AC  =20%ofvalue initially measured.

T

Tan =200% of value initially specified.
Ir < Valueinitially specified.
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Electrolytic Capacitor — Single Ended Low ESR

185600

Aluminum electrolytic capacitor with etched
electrodes, encapsulated in aluminum case

with external insulation.

They are radial leaded for vertical mounting
usage. Low impedance at high frequency,
high ripple current and long life with high
stability are the most important features.

Marking: SIEMENS
HFC

Capacitance/Voltage

85600

Ordering Code:
Example: 2200/ 16/ 85600

Capacitance (iF)
Rated Voltage
Code

856106

End Sealed

Polarity indicative

Brazilian Industrie

Date

; 0
min. 5 o
+

«©

in black border

| min. 30 do
f I
Dimension Table
dxl dmax X Imax a b
(with insulation)
10 x 20 10.5 x 21
5 0.6
125 x 25 13 x 26
16 x 25 16.5 x 26
16 x 31.5 16.5 x 32,5
7.5 0.8
18 x 315 18.5 x 325
18 x 35 18.5 x 36

Dimensions in mm.
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185600

Technical Data

General specifications:

Climatic category DIN:

Climatic category IEC:
Rated voltage range:
Capacitance range:

Capacitance tolerance:

Max. dissipation factor:

(120H2/20°)

Max. impedance
(20— 100kHz/20°C)

Max. ripple current:
(10—100kHz/ + 85°C)

Peak voltage:
Peak voltage test:

IEC—344—4LL type

GPF (—40to + 35°C/humidity category in accordance with
DIN 40040)

40/085/56
10to63VDC
22t02200pF

+ 20% (0 120Hz/20°C)
according to the table

according to the table

according to the table

When capacitors are utilized in another frequency and
temperature conditions, the conversion factors givenin the
following tables must be utilized:

Temperature —°C +40 +85
Conversion factor 25 1.0
o """qu' 120 1K 10K | 100K
)
10-16 0,7 0,92 1 1
25-40 0,6 0,9 1 1
63 0,5 0,87 1 1

The DC voltage plus the AC peak voltage value applied to the
capacitor, must not exceed its rated voltage.

1.20times the rated voltage (UR)

It must not occur mechanical damage and electrolyte lost, if
capacitance and dissipation factor are maintained within the
specified limits, after 1000 successive cycles of test (2 minute ON
and 52 min. OFF) with the specified peak voltage applied to the
capacitor using a series resistor of 100012, at 25°C, and stabilized
for about one hour.

Specified limits:

—|AC/C| = 10% of value initially measured.
—tgd < 150% of value initially specified.
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Polystyrene/Styroflex® Polypropylene Capacitors
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Polystyrene and Polypropylene Capacitors
General Technical Information

1. General

The film capacitors covered here in detail, are wound capacitors. According to their
dielectric they are known as polystyrene (STYROFLEX) or polypropylene capacitors. The
films used are flexible, biaxially aligned electro-insulating films. STYROFLEX® " is made
from the thermoplastic material polystyrene. Similar to DIN 41379 and VDE 0560-18
the abbreviations used are:

KS capacitors with polystyrene as dielectric
KP capacitors with polypropylene as dielectric

where K is derived from the German word “Kunststoff” (plastic) and S or P from the 5th
letter of the dielectric material used. Aluminum foils and for some types also tin foils are
used as electrodes.

After the winding process, the capacitors are subjected to a temperature treatment
which causes the stretched polystyrene films to shrink. Thus, the capacitors are sealed
and sufficient protection from moisture is ensured without being a hermetically sealed
construction. Moreover, the wound unit is made mechanically rigid in order to provide
stabilization of its main electrical properties.

STYROFLEX and polypropylene capacitors are preferably used in circuits, where parti-
cularly low loss capacitors, high capacitance stability and a constant temperature coeffi-
cient are required.

Because of the low dielectric losses and the constant negative temperature coefficient,
the capacitors are particularly suitable for use as resonant circuit capacitors. The tempe-
rature coefficient of STYROFLEX capacitors is approximately —150 X 107%/K. Compared
to polypropylene capacitors, they have a somewhat lower dissipation factor and better
stability. The advantages of polypropylene capacitors with a temperature coefficient of
approximately — 200 X 107%/K are the better temperature behavior in the range of 70°C/
158°F and 85°C/185 °F, the only slight sensitivity against soldering, and the better
resistance to solvents.

If ferrite coils with a correspondingly positive temperature coefficient are used the re-
sonant frequency of the circuit can be kept largely independent of temperature.

2. Classification of capacitors
The choice of capacitors is determined by the following aspects:

Dielectric (because of the electrical properties)
Construction of the capacitors

Standard or high reliability versions

Humidity category (possibly hermetically sealed)
Minimum category temperature ¥,,,

Maximum category temperature 9,

max

') STYROFLEX® is a registered trademark of Norddeutsche Seekabelwerke Aktiengesellschaft, Nordenham.
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General Technical Information

2.2. Polypropylene capacitors {(maximum category temperature 85°C/185 °F)

2.2.1. Unprotected standard capacitors, meeting medium climatic requirements
(humidity category E) page 93

These capacitors comply with the STYROFLEX types according to para. 2.1.1.They meet
however humidity category E.

2.2.2. Protected types in plastic case, high reliability capacitors, meeting medium
climatic requirements (humidity category E) page 103

These capacitors comply with the STYROFLEX types according to para. 2.1.3., they are,
however, temperature stable up to +85°C/+185 °F.

3. Dimensions
3.1. Unprotected capacitors

The thickness of the films used for the windings of the capacitors varies depending on
their manufacturing process, hence resulting in varying diameters of the wound capa-
citors. The maximum diameters of unprotected capacitors indicated for the individual
capacitor types can be understood as the upper limit of deviations, met on the average
by 98%.of a batch.

The diameter indications refer to the rated capacitance. The tendency of capacitance
and diameter tolerance need not necessarily be synonymous.

The twin types B31070 to B31073 consist of two individual windings. The diameter indi-
cations refer to one individual winding. The diameter of the individual winding is re-
ferred to half the rated capacitance; its capacitance may amount to 45 to 55 % of the total
capacitance.

3.2. Protected and sealed capacitors

For these types, the capacitor windings are incorporated in cases which are epoxy resin
sealed or hermetically sealed.

4. Capacitor terminations
The terminations of the capacitors are either on both sides of the winding or on one end.

There are the following versions:

single-ended leads axial leads on both sides
central

TE= | — e

in offset position
— (K
| |
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General Technical Information

Preferred values:
E standard in accordance with DIN 41426 and IEC publication 63 (1963)

The following values of the E series have to be multiplied with the necessary integral
positive or negative exponents of 10.

In any case the E standard values availakie have to be quoted from the individual

data sheets.

E6 E12 | E24 | E48 | E96 | E192 E6 E12 | E24 | E48 | E96 | E192
178 178 178
100 | 100 100 | 100 | 100 00 180 | 180 180
01 182 182
102 02 184
04 187 187 87
105 105 05 189
06 191 91
107 Q07 93
09 196 196 96
110 110 | 110 0 98
1 200 200 | 200
113 3 203
114 205 205 | 205
115 115 | 115 208
117 210 | 210
118 | 118 213
20 215 | 215 | 215
120 120 218
121 121 21 220 | 220 | 220
123 221 221
124 | 124 223
26 226 | 226 | 226
127 127 27 229
29 232 | 232
130 130 30 234
32 237 | 237 | 237
133 | 133 33 240
35 240
137 37 243 | 243
38 246
140 | 140 40 249 | 249 | 249
42 252
143 43 265 | 255
45 258
147 147 47 261 261 261
49 264
160 | 150 150 150 50 267 | 267
52 270 | 270
1564 | 154 54 271
56 274 | 274 | 274
168 58 277
60 280 [ 280
160 284
162 | 162 62 287 | 287 | 287
64 291
165 65 294 | 294
67 298
169 169 69 300
72 301 301 301
174 74 305 |
76 309 [ 309
312
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General Technical Information

The series E 48 (complying with DIN 41426 and |IEC publication 63/1963, refer to table
on page 30) is also available as special version for the high reliability capacitors with
Cy= 100 pF. The standards E 96 and E 192 should be used for exceptions, only.

The available capacitance tolerances are also quoted. The code letters used comply with
the IEC publication 62/1968 and are tabulated below.

Every tolerance is indicated in per cent down to a lower limit value of the rated capaci-
tance. If capacitance ratings below these limits are ordered, the tolerance ranges of the
individual data sheets apply.

Tolerances and values deviating from the table values will suitably be changed by us.
Special versions are available, they need, however, our previous, expressive agreement.

Capacitance ratings of the E 6 series are to be preferred.

Capacitance o + + Special
tolerance % +10 | =5 [ +25| *+2 +1 | 0,5 | =£0,3 value
Code letterin

accordance with K J H G F D C A

IEC publ. $2/1968
Appropriate E series

for standard and E6 E6 E6 E6 E6 E6 E6
high reliability E12 |E12 |E12 |E12 [E12 |E12 |E12
capacitors above E24 |E24 |E24 |E24 |E24 |E24 |E24
10 pF

Appropriate E series

as special version for E48 |E48 |E48 |E48 |E48
high reliability E96 |E96 |E96
capacitors above E192 |E192 | E192
100 pF

Limit value. Down to
this value the above
stated tolerances are
valid in per cent

pF 10 20 40 50 100 | 200 | 330

Tolerance below

A see individual data sheets
the limit value

For rated capacitance values below 10 pF integral values are available.

5.3. Examples for rated capacitance values available
1st Example:

A capacitance of 651,32 pF has been calculated for a high reliability resonant circuit
capacitor. Since the resonant circuit can only be adjusted within the close range of = 1,3%,
the capacitor is required to comply with the calculated value as exactly as possible. In
the E 48 series the value 649 pF is tabulated. Some capacitor types are available with
the necessary tolerance of == 1%, thus meeting the requirement of being adjustable within
+1,3%. They are thus suitable for circuit applications.
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General Technical Information

When measuring, it must be taken into account that each temperature change also
causes a change in humidity, which influences the capacitors appropriate to their type
and their time constant value of humidity (refer to para. 5.5.). The deviations of «, caused
by humidity, are at 65% air humidity and after a short-time measurement normally
contained in the stated 7C deviation limits. For sealed capacitors, the value « is inde-
pendent of humidity and lower deviations are caused. For capacitances below 100 pF
the «, deviation limits are nonuniform, whereas the medium «_ values of the same type
and the same aluminum foils used are decreasing with increasing capacitance.

The «, values of types with tin foils, however, tend to increase with increasing capaci-
tances. Some high-reliability types with aluminum foils have achieved a particularly
low deviation of the «, value because of a suitable construction.

In order to obtain a specified temperature coefficient deviating from that of polystyrene
or polypropylene materials, for special applications (e.g. temperature compensated re-
sonant circuits with a positive temperature coefficient «, of the inductance, which is
different from the capacitor material) ceramic capacitors type 1 can be connected in
parallel. As far as the capacitance of capacitors connected in parallel is mainly deter-
mined by STYROFLEX or polypropylene capacitors, a substantial improvement of the
dissipation factor tan 9, as compared to ceramic capacitors, can be achieved. The
parallel connection is of particular advantage for high capacitance values.

5.5. Moisture dependence of capacitance,
humidity coefficient 3,

The capacitance value of unprotected and protected (sealed) capacitors is subject to
humidity. Water vapor is absorbed by the dielectric as well as by the pockets and capillary
tubes in the winding.

Low capacitance values up to approx. 100 pF (dependent on the capacitor type also up
to 250 pF) reveal relatively high capacitance changes. At a relative humidity below 30%,
the capacitance change is equal or lower than 0, 1%, whereas at humidities above approx.
80% relatively high variations can be expected.

The humidity coefficient 3, of capacitance is in accordance with DIN 41380, part 3 and
4, para. 2.7.5., defined as follows:

8= 2(C -¢C) C, = Capacitance after humidity effect (relative humidity £,)
¢ (G, +C) - (F, —F) C, = Capacitance before humidity effect (relative humidity F,)

The value 8, is indicated in 107%/% relative humidity. Measurement takes place in
accordance with DIN 41380, part 3, para. 5.4.3.2. and part 4, para. 5.3.3.2.

The following values apply:

Range of Humidity coefficient 3,

relative humidity
STYROFLEX 50 to 85% +(60 to 200) - 107® per % rel. humidity
Polypropylene 50 to 95% +(40 to 100) - 107® per % rel. humidity
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General Technical Information

5.8. Temporary instability of capacitance

A temporary instability of capacitance, a sudden irregularity, as occurring with mica and
ceramic capacitors does not appear with STYROFLEX capacitors and polypropylene
capacitors because of their different construction.

6. Dissipation factor tan ¢

Apart from the desired capacitance, each capacitor has further electrical characteristics,
which can be shown as additional components in an equivalent circuit diagram as
follows:

Equivalent circuit diagram: C

L, Series inductance L Ry 1
. . O Y Y\ 1

R, Series resistance o R,

R, Insulation resistance (parallel resistance)

C Capacitance

Neglecting the inductance L., the following formula applies to the dissipation factor

tan ¢ at the frequency f
_ 1
tan6~2:r-f-C-Ri+2'7 f-C-R,

taking A;> R, and f<f into consideration,

where £, = ﬁ is the self resonant frequency of L, and C.
v S

In the lower frequency range (<1 kHz) applies:

1
271 -f-C-R,

tang, =

In the upper frequency range (> 1 kHz) applies:
tand, =2x-f-C- R,

The value R, is determined by the lead and junction resistances and largely corresponds
to the equivalent series resistance £SR (compare to DIN 41380, part 3 and 4, para. 4.4.).

6.1. Measurement

The dissipation factor values indicated for the individual types are measured at tempera-
tures between 15 and 35°C/59 and 95°F and a relative humidity of max. 50%, thus
largely meeting DIN-41380, part 3 and 4, para. 3.3.6. (edition Feb. 1978). When measur-
ing, the ac voltage applied may not be higher than the permitted rms ac voltage and in
no event higher than 20 V. The dissipation factor values indicated wjth the measuring
frequencies for the individual capacitor types may be exceeded by 10% of the capacitors
up to a factor of 1.5.
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General Technical Information

7.2. Minimum and maximum category temperature ¥, and 9, "

The temperature range® at which the capacitor may be operated continuously according
to its climatic category, lies between the minimum and maximum category temperature
Jin @nd I,

min

7.3. Category voltage U,

The category voltage is the maximum voltage, at which the capacitor, may be operated
continuously.

The sum of several partial voltages should not exceed the category voltage U,. U, depends
on the capacitor surface temperature. At 40°C/104°F, U, of STYROFLEX capacitors
always complies with the rated voltage U;,. The category voltage U, can be determined
with the aid of the factors lying between the rated temperature J; and the max. category
temperature ¢__ as tabulated below:

max

Temperature Derating factor for the rated voltage U and
the permissible rms ac voltage Uac, respectively
STYROFLEX Polypropylene

40°C/104°F Rated temperature g 1,0 1,0
50°C/122°F 0,95 1,0
60°C/140°F 0,9 1,0
70°C/158°F - 1,0
70°C/158°F Maximum category 0,8 -
85°C/185°F temperature &, - 1,0

7.4. Alternating voltage loading capability Uac

The superimposed alternating voltage Uac is the rms alternating voltage that may be
applied to a capacitor in addition to a direct voltage. The sum of the direct voltage and
the peak value of the superimposed alternating voltage shall not exceed the category
voltage U, (see para. 7.3.). The maximum alternating voltage Uac at rated temperature
is indicated for the individual types. At temperatures between & and ¥,,,, the same

derating applies to the alternating voltage as to the category voltage U, (see table,
para.7.3.).

7.5. Category current /,

The category current / is the current, at which the capacitor may be operated continuous-
ly.

') Inaccordance with IEC publication 384-1“Lower category temperature #,." and “Upper category temperature J,¢."
2) In accordance with IEC publication 384-1, “Limit temperature range” or “Climatic category”.
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General Technical Information

9. Self inductance L,
Self resonance .

At high frequencies, STYROFLEX and polypropylene capacitors are subject to self re-
sonances caused by the self inductance. The self resonance may disturb the design of
circuits. The self inductance is influenced by the number of supply lines to the electrodes
and by the winding construction. All capacitors described here, are of low inductance
due to bifilar layer currents in accordance with DIN 41380, part 3 and part 4 (Febr. 1978),
para. 2.3.2.4. or because of face-contacting. If not otherwise stated,

max. 1 nH per 1 mm lead or capacitor length
is the typical value of the self inductance.
The self inductance for the capacitors can be reduced by special measures. Particularly

low values are characteristic for capacitors with face contacts. The frequency range of
the self resonance versus capacitance is illustrated in the following diagram:

MHz
1000 =
S % i mER
% 7 b il
~<7> LA l
o 48 e |
fs 100 <\A 4 o L (
LAz r\ ; ;
T
¥ J |
247
10 b <""Q7‘

10 102 103 10 10°pF

10. Screening
As far as the outer layer of the capacitor is grounded, it also performs screening effects.

This applies to unprotected capacitors as well as to those in metal cases where the outer
layer is connected to the metal case. The outer layer connection (and possibly the metal
case) is marked by a colored ring or a symbol.

Capacitors enclosed in a metal case, that is physically not connected to the layer, have
a screening capacitance between the cases grounded in most cases and the identified
layer. This must be accounted for in the design of circuits.
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General Technical Information

15. Removal of soldering agents

The films of unprotected STYROFLEX capacitors can be attacked by some cleaning
agents used to remove the soldering agent. It is, therefore, recommended to use pro-
tected or sealed STYROFLEX capacitors, when a special cleaning is necessary.

Polypropylene capacitors are resistant to those cleaning agents which are based on
hydrocarbon halides. Such agents are trichloroethylene, perchloroethylene, and 1,1,1
trichlorothene (trade name Chlorothene, Mecloran etc.); furthermore, trifluorine-trichlo-
rothene (trade name Freon, Frigen, Kaltron, Arklone, Flugene, etc.) purely, or mixed with
alcohol or other solvents.
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General Technical Information

The reference reliability is the reliability for a particularly defined load (reference load).
In para. 3.4. of the DIN specification mentioned, the following parameters are quoted
for the reference load: e.g.

ambient temperature:  40°C/104°F
relative humidity: 65%

where appendix 2 of the DIN specification 40040, page 7, should be taken into conside-
ration. This specification includes graphs for a reduced relative humidity versus tempera-
tures above room temperature.

The failure quota (para. 16.3.) and the load duration (para. 16.4.) are quoted as value
for the reference reliability.

Our data sheets, generally, contain data on the reference reliability at rated voltage Uy and
at the low voltage of 12 V.

16.3. Failure quota
The failure quota means:

Failures in 10° component hours for an adequately large batch at rated load and a defined
load duration (see para. 16.4.). The unit applied is “fit” (failure in time 107%/h).

The fajlure quota is coded in the first code letter after the climatic category, i.e. in the
4th code letter.

4th code Failure quota

letter (failures per 10° component hours)
H 10 fit

J 30 fit

K 100 fit

L 300 fit

M 1000 fit

N 3000 fit

4 see data sheet

16.3.1. Failure criteria

The following failure criteria are taken as a basis for STYROFLEX and polypropylene
capacitors:

Total failure: short or open circuit
Failure due to variation: capacitance: change >3 -/,
dissipation factor: > 2 tan ¢ (tabulated value)

insulation resistance: less than half the values permitted in
accordance with DIN 41380, part 3 and
4, para. 3.7., after storage of 2 years.
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17. Additional sealed assembly of unprotected capacitors

Even traces of humidity can affect the capacitance of STYROFLEX capacitors. Polypropy-
lene capacitors are insensitive in this respect. In this context capacitors are only under-
stood as sealed, when they are soldered or welded in metal, glass, or ceramic cases.

Organic materials as sealing agents or the use of stuffing bushes for rotatable axes only
provide insufficient sealing. Despite the sealed assembly, often traces of water vapor
existing in the capacitor and in the case are sufficient to condense after cooling below
the dew point. Therefore, the variations of capacitance or insulation resistance could
possibly be higher than those of unprotected capacitors.

For a common assembly of capacitors and other components in one case, the mutual
influences should be taken into account. Chemical separations can affect or impair the
delicate dielectric. Assemblies should therefore be made only in special cases after their
compatibility has carefully been tested. Filters and circuits should be adjusted after
having been assembled.

18. Tests
18.1. Material test

All materials necessary for the production of capacitors are subject to cycle-checking
with regard to their electrical and mechanical characteristics. The yielded test values
include, as a released value, a certain safety range compared to the guaranteed values.

18.2. Final test

Detailed inspection

Capacitance tolerance and voltage resistance of the capacitors are checked. To capacitors
of medium climatic requirements a leakage test is performed, meeting the DIN 40046,
sheet 15, test Q, requirements. Further tests are provided for capacitors with particular
applications.

Random test

Dissipation factor, insulation resistance and mechanical performance are tested by
method of random sampling.

18.3. Quality inspection

A quality test field being independent of the manufacturing department continually tests
selected production samples. The measurements of the detailed inspection and random
sampling are checked; the following properties are additionally tested:

Resistance to climatic conditions
Operational reliability in endurance tests
Solderability

18.4. Acceptance test

For an acceptance test and the measurement of the capacitance refer to para 5.1.
A capacitor test at test voltage in accordance with DIN 41380, part 3, para. 5.4.2. and
part 4, para. 5.3.2. may be performed by the customer only once.
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DIN 41313 Marking of terminals of capacitors for rated dc voltages up to
1000 V.

DIN 41314 Coded marking of the data on components for telecommuni-
cations equipment.

DIN 42007,

Part 1 and 2 (draft) Terms and additional data for capacitors

(edition November 1974).

20. Characterization and marking

The following data is stamped on:

Rated capacitance
Tolerance code letter

Depending on the size of the capacitor, the following additional data is printed on:

Climatic category
Date of manufacture
Rated voltage (for assembled types)
Type number

Ordering code

} (only for high reliability types)

The outer layer of unprotected capacitors is designed with a color ring or a line. The
rated voltage can be marked by the color of the ring or in an uncoded imprint. Each
rated voltage is assigned to definite colors (see para. 7.1.). The outer layer and possibly
also the ground connection of a metal case of sealed capacitors is symbolized in accor-
dance with DIN 41313.

The following colors are used:

STYROFLEX Polypropylene
Standard
versions unprotected types black red
High reliability unprotected types blue -
versions
types in plastic case black black
sealed types in metal case blue -

The rated capacitance for the flat-winding types B 31112 and B 31113 is only indicated
on the package.

21. Designation of capacitors

In accordance with DIN 41379 8/68, plastic capacitors are designated according to
the 5th letter of the dielectric material. As already mentioned in para. 1, STYROFLEX
capacitors with a polystyrene dielectric are designated as KS capacitors, film capacitors
comprising a polypropylene dielectric as KP capacitors.

The ordering code examples on page 54 and on the individual data sheets are similar
to those of DIN 41380, part 3 and 4, para. 9.
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Since the 15 digits available are insufficient for differing all the capacitor characte-
ristics the letters intended for the revision status designation are divided into 3 groups:

AtoH;JtoRand StoZ

Components with the same B-number and a revision status between A and H are related
to components of the revision status J to R, but they are generally not interchangeable.
The group S to Z is intended to mark special versions. Detailed data is given for the
individual types.

Example: The height of a capacitor has been shortened from 40 to 30 mm at un-
changed shape and electrical data. The capacitor with the larger dimensions was marked
with the revision status code letter A, whereas the smaller size is designated with B.
A can be replaced by B, but usually not vice versa.

Despite their unimportance for most users, these designations should be given, since
a certain percentage of uncommon application excludes the above mentioned inter-
change. In these cases the changed code letter causes the person who attends the
collecting card or the reviser of the production planning, to check whether the change
is acceptable or not.

Important component variations regarding construction or electrical properties which
exclude the exchange of former types by new ones, are principally performed by a com-
pletely changed designation and not only by a changed revision status code letter.

A certain period of time is necessary to perform the change of the revision status. After
this period of time which is often indicated on the data sheets, the change has been
completed, so that components in accordance with the former revision status are no
longer available. If components of the former revision status are ordered, automatically
those of the new one will be delivered.

22.4. Digit 8 (rated voltage)

The code figures for capacitor voltage ratings are not systematized. The meaning of the
rated voltage code figures is indicated on the individual data sheets.

22.5. Digits 9 to 14 (rated capacitance and tolerance)

When ordering capacitors it is necessary to code the desired rated capacitance as well
as the appropriate tolerance values.

a) The value will be converted into the form ax 10° pF; the uF values must be converted
into the basic unit “pF”. The factor a is the unchanged figure sequence of the value,
with the decimal comma (decimal point) behind the second figure. The exponent b
of the multiplier 10" is clearly specified by the position of the decimal comma (decimal
point) and the basic unit “pF”, and can admit values from O to 9. The lowest value to be
represented is therefore 0,01 pF, the highest 99,990 uF.

b) The 2 figures before the comma (point) are contained in the 9th and 10th digit; thus
the decimal comma (decimal point) must always be imagined as being behind digit 10.

c) The exponent b which designates the number of naughts of the multiplier (see the
following code table for capacitance values) is the code number in digit position 11.

d) 2 figures max. behind the decimal comma (decimal point) are contained in digit
position 13 and 14.
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The Siemens ordering codes (part numbers) are to be found on the data sheets. The
capacitor quoted in the above mentioned ordering code example has the following
Siemens ordering code:

Partnumber: [B]3|1[8[6[a]|-[k]1][2]2]3]-[c]e]o]0]

Special features or
filling digit O

Type y

Revision status and

climatic category

K= FSG & -55to +70°C
—-67 to +158°F

Rated voltage 1+ 160V

Capacitance tolerance
G&*+2%

Rated capacitance

— -[T6ToT-]= 22,60 - 10°pF
= 22,600 pF

Zeroes immediately after the tolerance code letters may be omitted (abbreviated writing,
see next paragraph).

23.1. Writing of part numbers

The SN standard 01001, November 1977, allows abbreviated writing of Siemens part
numbers (ordering codes). Many types, however, are also known under their unabbre-
viated part number.

The following examples will explain both identical writing methods which can occur for
one component.

We don’t want to bother our clients with the writing rules for our part numbers. When
ordering, please write the part numbers in the same way as listed in our data books,
data sheets, or SCS List.

It is understood that both writing methods are accepted. Please be understanding when
you have ordered “unabbreviated” and receive “abbreviated”.

Examples:

Unabbreviated writing

Abbreviated writing

Remarks

STYROFLEX capacitors

B 31063-B1222-H000
B 31063-B1222-H006
B 31861-A1222-F090
B 31861-A1222-F900

B 31063-B1222-H

B 31063-B1222-H6

B 31861-A1222-F90
B 31861-A1222-F900

i.e. 2200 pF untaped
i.e. 2200 pF taped

i.e. 2209 pF untaped
i.e. 2290 pF untaped

239



Polystyrene and Polypropylene Capacitors. B 30071
Packaging on continuous tapes - as per IEC

Types of packaging

Reel packing

AMMO-Pack

355,43

N

35&L 3

\

Tape Reel Reel Carbon
spacing width distance width

b w n B

63=2 871 781 ca. 8742
68+2 921 83+ ca. 92.2
73=2 98-+1 891 ca. 98+2
83x2 111418 10215 ca. 11142

Mold:gf=16.5=1mm
new:o f =30 =1 mm
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Polystyrene and Polypropylene Capacitors
Packaging on continuous tapes — as per IEC

B 30071

Taping of radial polypropylene capacitors type B 33061

4

Extended lead

Ah
' 3 ‘ ; T
\\_\ | ) | I @ T \ II
- | =
N ;NN S N
Vs o T AT NN f R Y SO .
R Rl i d A B
Pl J L
d Do
— ] -— F
Po
-~ Tape direction
~ —_—
Designation - Symbol | Dimension | Tolerance | Notes
Lead diameter d 0,5 +0,05
Spacing hole center/
lead center P1 3,85 +0,7
’ +0,6 measured at

Lead spacing (LS) F 5 —-0,1 tape edge
Feed hole spacing Po 12,7 +0,2 +*1mm/72xPo
Slope of capacitors Ah 0 +2 measured at upper head edge
Slope of capacitors Ap 0 +1,3 measured at upper head edge
Base width w 18 +0,5
Adhesive width Wo 6 +0,5
Spacing hole center/
upper tape edge Wi 9 +0,5
Position of adhesive tape Wa 0,5 +0,5
Spacing hole center/ 18 +2 B33061-E.. }depending on
lower component edge H 16,5 +0,3 B33061-Z..Jassembly system
Spacing hole center/
upper component edge Hi 32,2max.
Hole diameter Do 4,0 0,2
Tape thickness t 0,7 *0,2
Spacing hole center/
lead cutting position L 11,0 max.
Capacitor diameter T 6,7 max.
Capacitor height B 12,5 max.
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Polystyrene/Styroflex® Capacitors (KS)
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STYROFLEX Capacitors (KS), unprotected, axial
in accordance with DIN 44126, part 1 (Dec. 1974); standard versions

B 31063

Axial-leaded standard capacitors intended for use at 160 V and 630 V. Suitable for RF

and IF filters.
Un 160 V 630V
Ja 40°C/104°F 40°C/104°F
U, at o, 130V 500 V
Uac 65V 125V

/= 11,5 mm 16,5 mm 21,5 mm 31,5 mm
A 1,0A 1,2A 1,6A 2,0A
DIN climatic HSG
category
& n —25°C/-13°F
D nax +70°C/+158°F
IEC climatic 25/070/04
category
lAc/Cl =(1%+1pF)
tan ¢, 1,4 times the tabulated value

160V 630V

R: 98% =10* MQ =10*MQ

2% =10° MQ = 10°MQ

/Z
for CR > 100 pF

<(0,2% +0,4 pF)

< (0,2%+0,4 pF)

&c

for CR > 100 pF

- (100 to 250) - 10°%/K

-(100 to 200) - 10°%/K

tan ¢ =100 pF ... 1000 pF .. 4700 pF .. 22000 pF ... 27000 pF
(in10%) =1kHz 0,1 0,1 0,1 0,2 0.4
10 kHz 0,2 0,2 0,2 0.3 0,5
100 kHz 0.3 0,3 0.4 - -
1000 kHz 0,4 0,5 - - -
R, 98% 10° MQ
2% 10° MQ
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STYROFLEX Capacitors (KS), protected

in square plastic case; high reliability versions

DIN draft 44127 in preparation

Epoxy resin sealed plastic case (flame retardant in accordance with VL 94 V-0). Particu-
larly suitable for use in RF, IF, and carrier frequency filters owing to low self inductance
(= 180 pF due to face contacting) and low relative failure rate during a load duration of
10°® hours. Their square shape provides particular suitability for use in combination with

RM SIFERRIT cores.

Uy 63V
I 70°C/158°F" Resistance to vibration
U.at d,,, 63V Test F_: Vibration
Uac 25V partial test B 1 in accordance
with DIN 400486, sheet 8, 7.70
and IEC publication 68-2-6
I 1,0A “Vibration”, edition 1970
Duration of
endurance
at U, GSE/ZR Rare and conditioning: 3 x 120 min.
200 fit slight dew Frequency range: 10 to 55 Hz
precipitation Displacement
at12Vv GSE/I_<R permitted amplitude: 0.75 mm
100 fit (max. 10g)
O —40°C/-40°F
rnax +70°C/+158°F"
IEC climatic 40/070/56
category
after damp heat test of 21 days
lacel =(1%+1pF) =10,76%+0,75 pFl
tan o, 1,4 times the tabulated value 1,4 times the tabulated value
R 98% =5-10*MQ =5-10*MQ
i =(0,25% + 0,4 pF)
ac? - (60 to 180) - 10°%/K
tan 4 =1000pF ... 4700 pF .. 22000 pF ... 56000 pF
(in107% =1kHz 0.2 0,2 0,2 0,3
10 kHz 0,2 0,3 0,3 0,4
100 kHz 0.3 0,4 0,5 0,6
1000 kHz 0.5 - - -
R, 98% 10°MQ
2% 5-10* MQ

') Operation at 85 °C/ 185 °F possible for max. 1000 hours, typical value for capacitance changes at 0,8 U, = + 0,5%.

?) For C,= 180 pF.
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Polypropylene Capacitors (KP)
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Polypropylene Capacitors B 33062

Tubular, axial-leaded capacitor with plastic-sealed face ends; standard version.

Apart from general applications the capacitor can be used at temperatures between -25 and +85°C
(-13 and 185°F) as resonant circuit capacitor in RF and IF filters because of its low dissipation factor
" and a sufficiently high stability. Negative temperature coefficient. Increased protection against
humidity or chemical effects is obtained by the plastic-sealed face ends. Due to an upper
category temperature of 85°C (185°F), the capacitor is particularly suitable for use in printed
circuits.

The rated voltage is marked by a color ring
f——3()+ + —>‘
30 l 739',3 -~ or by an uncoded legend

-

- 7. )

e et ] . =

i 1 ,'U \6 I /‘ m
d

| Iil
Tinned lead : \\{ 13.5 15 06
l‘h LIJI Legend: Rated capacitance (pF) 185 20 08
(red) Tolerance (code letter) 23.5 25 ’
e
Dimensions in mm
Rated voltage Uy 160 V dc 630 V dc
Color ring red-violet black
Type with code for revision B 33062-B1 | B 33062-B6
status and rated voltage
Rated capacitance Tolerance Dimensions
Cr in pF B 33062-B1 B 33062-B6 Diameter d,,,. X length /
2. 10 £1pFaF
> 10... 20 40x135
> 20... 40 cxs
> 40... 47
z 47... 100 4.5 x 13.5
> 100... 330
> 330... 1000 45 x135 6.0 x 13.5
> 1000... 1500 | £ 1% =F +1% | £2.5% | £5% 6.9 x13.5
> 1500... 2200 | £25% =H = F = H = 5.0x 13.5 7.9x135
> 2200... 3300 | 5% =J 5.7 x 13.5
> 3300... 7500 7.8 x13.5
> 7500... 8200 8.1 x13.5
> 8200...10000 8.7x13.5
> 10000...22000 9.4 x 18.5
> 22000...27000 10.2 x 18.5
> 27000...33000 10.0 x 23.5

E series available:
E 24 series

E24: [10[11]12]13]15]16]18]20]22]24]27]30] 33| 36]39]43]47[51]56]62]68] 75]82] 91]

The dimensions apply to the greatest capacitance value.
Diameters for lower capacitance values can be interpolated.
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Polypropylene Capacitors

B 33062

(cont'd)

Permissible tensile strength
oftheleads

in accordance with

DIN 40046, sheet 19

10 Nin the lead direction (for 10 sec)

Solder conditions
Max. soldering duration
Max. solder bath temperature

6sec
265°C/509°F
The capacitors are resistant to cleaning agents based on

halogen hydrocarbons, such as Freon and Chlorothene
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Polypropylene Capacitors Flame Retardant

B33074

Rated voltage Ug 100Vdc

Rated temperature 9g 85°C

Category voltage Uc (at O max) 100V dc

Perm. sinusoidal rms ac 40V

voltage Uac (at 9R)

Category current |¢ 1.0A

DIN climatic category GPE Rare and slight dew precipitation permitted
Lower category temperature —40°C/

Upper category temperature +85°C/

IEC climatic category 40/085/56

Capacitance change 4 C/C

Dissipation factor tan 8¢

Insulation resistance Rir 98%
2%

<+ [0.75% + 0.5 pF]
1.4times the tabulated value
= 5x10* MQ

=10*MQ

Capacitance drift i,

<[0.3% + 0.4 pF]

Temperature coefficient o

— (150t0300) x 10°%,K

of capacitance
Dissipation factor tan &
(in108) ..1000pF ..1500pF  ..10000pF ..33000pF ..100000pF
= 1 kHz 0.3 0.3 0.2 0.2 0.3
10 kHz 0.3 0.4 0.3 0.3 0.4
100 kHz 0.4 0.5 0.4 0.5 0.8
1000 kHz 0.6 - - - -
Insulation resistance R 98% 105MQ
2% 5x10*MQ

Self-inductance Ls
per cmlead and capacitor length

approx. 10 nH

Solder conditions

Max. soldering duration

Max. solder bath temperature
(see also data book “Low Loss
Capacitors” page 32)

6 sec.
265°C

The capacitors are resistant to cleaning agents based on halogen
hydrocarbons, such as Freon and Chlorothene

Vibration resistance
TestFe: vibration
partialtestB 1

in accordance with
DIN 40046 and

IEC publication 68-2-6

Endurance conditioning: 3 x 120 minutes
Frequency range: 10to55Hz
Displacement amplitude: 0.75 mm
(conforming to max 10 g or 89m/sec?)

Permissible tensile strength
of the leads in accordance with
DIN 40046, sheet 19

25N inthe lead direction (for 10 sec)

The information describes
the type of component
shall not be considered as
assured characteristics.

Terms of delivery
and rights to change design
are reserved.
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B 33063

Legend: Rated capacitance (pF)

(red) Tolerance (code letter)
Rated voltage (uncoded or color ring)
Outer layer (line or color ring)

3013 L1 3043 —=]
; J Lis | hon | o
AE# +— 8200 = —e=—t= 5 11,5 15 0,6
% ] % - 165 | 20 |
- ([, min ; d 21,5 25 ’
¥ ! "V Dimensions in mm
Rated voltage Uy 160 V 630 V
Color ring red-violet black
Type with code
for revision status and rated voltage B 33063-81 B 33063-B6
Rated capacitance Cy Dimensions
pF Tolerance Diameter dp. X length /
S ow 0] E'HAF
o
4,0X 11,5
> 20 to 40
> 40 to 47
> 47 to 100
4,5 X 11,5
> 100 to 330
>
330to 1000 45X 11,5 6,0X11,6
> 1000to 1500 6,9 X11,6
> 1500to 2200 5,0 X 11,5 7,9%X11,5
> 2200to 3300 57 X 11,6 7,6 X 16,56
> 3300to 7500 | £1% |+£2,5%| £5% 7,8 X115 10,4 X 16,5
> 7500 to 8200 2 F & & 8,1 X 11,56 9,6 X 21,5
> 8200 to 10000 8,7 X115 10,4 X 21,5
> 10000 to 15000 8,0 X 16,5 12,3X 21,6
> 15000 to 22000 9,56 X 16,5 14,56 X 21,5
> 22000 to 27000 10,2 X 16,5
> 27000 to 33000 10,2 X 21,5
> 33000 to 47000 11,7 X 21,56
> 47000 to 82000 15,0 X 21,5
> 82000 to 100000 16,5 X 21,5
Ordering example B 33063-B 1 823-H

Type -\—_ Capacitance tolerance, e.g. H = =2,5%

Revisions status, Rated voltage Rated capacitance
1 =160 Vdc, 6 ='630 Vdc 823 282 - 103 pF = 82000 pF

For ordering information refer to page 51 to 54.
E-series available: E 6, E 12, and E 24 (see page 30). The E 6 values are preferred values.

The dimensions apply to the greatest capacitance value.
Diameters for lower capacitance values can be interpolated.
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B 33531

Legend: Rated capacitance (pF)
“ (blue) Tolerance (code letter)
_94-3 ‘ L Rated voltage (uncoded)
/\ —18 — Outer layer (line)
o
b Dednl Tl s
—=le:025l=— =—h" 12y l=— a.g3 ~— Dimensions in mm
Rated voltage Uy 63V
Type with code Rated capacitance C; Dimensions
for revision status
and rated voltage pF Tolerance a h e r
e s o] |
B33531-A5 +2,5%2H .
> 21000 to 43000 | + 7o, =~ g | 100 | 125 | 7,62 | 1075
> 43000 to 68000 12,5 10,16 14,35
L A
Ordering
code
example:
[B[3][3][s[3[1]-[A[s]6[8]3]-
Polypropylene capacitor B33531 68000 pFt1% 63V FPE

For ordering information refer to page 51 to 54.

E-series available: E 24, E48, and E 96 (see page 30).
The E 24 values are preferred values.
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Multilayer Capacitors
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Multilayer Capacitors

1. Introduction

Owing to special production methods thin layers can be manufactured from the ceramic ma-
terials. These layers are used to design capacitors of highly reliable mechanical and electri-
cal properties. The ceramic multilayer capacitors consist of a monolithic ceramic block into
which the capacitor electrodes are sintered comblike. At the front ends of the ceramic block
the individual metal layers appear at the surface where they are joined by sintered metal
layers. Oxide and titanate ceramic are used as dielectric materials. Depending on require-
ments the four materials COG (NPO), BX, X7R, and Z5U are available.

2. Capacitor construction
The capacitance depends on the following parameters:

@ dielectric material
@ dielectric thickness
@ effective area

To increase the volume capacitance you can

@ raise the dielectric constants
@ increase the effective area
@ reduce the dielectric thickness

With multilayer ceramic capacitors "(wo of these possibilities have been taken into account:

@ increase the active areas by connecting individual layers in parallel
@ reduce the dielectric thickness by appropriate production methods

Multilayer capacitors are available as:
@ chips
@ caps

2.1 Chips

Chips are available without leads for direct soldering or cementing into film circuits. Their in-
significant self-inductance causes a very high self-resonance. — Chip capacitors are particu-

larly suitable for high frequency circuits. Ceramic
dielectric
~—
Termination
1. Sintered Silver
2. Galvanized Nickel
Metal layer 3. Galvanized Tin

265



Multilayer Capacitors

3. Production and examination plan

3.1 Dielectric

CoOCD

- -

—_

- O © 0O N O O » DN

Incoming ceramic raw materials
Incoming examination

Preliminary grinding

Transformation (solid state reaction)
Subsequent grinding

Release examination

Production of binding agent
Production of ceramic slip
Production of ceramic film

Optical and mechanical examination

Storage
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Multilayer Capacitors

3.3 Cap production

ey

Supplied chips

Incoming material

Incoming examination of the raw material
Connecting the leads

Encapsulating the wired chips

Thermal and chemical examination
Marking

Quality and reliability examination

O 0O N O O O N

Delivery to shipping warehouse
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Multilayer Capacitors

4. Types available (survey)

4.1. COG chips

Rated capacitance Cg Rated voltage Vi

EIA standard

Page

1.0pF- 680 pF
10pF - 820 pF
100 pF - 1200 pF
150 pF - 1500 pF
47 pF - 1500 pF 50 V dc; 100 V dc
330 pF - 3900 pF
330 pF - 4700 pF
1000 pF - 6800 pF
1500 pF - 15000 pF

0805
1005
1505
1805
1206
1808
1210
1812
2220
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Multilayer Capacitors

4.5. COG caps
Rated Rated Dimensions Lead Page
capacitance Cp voltage Vg inmm (wxlxt) |spacing
47pF- 560pF | 50V dc, 100V dc
47pF-  82pF |200V dc 55x 50x25
2.5 mm
330pF- 6800pF | 50V dc, 100V dc
6.5x 50x3.2
100pF-  680pF  |200V dc XoSEX
47pF-  560pF | 50Vdc,100Vde | 55 50,05
4.7 pF - 82pF  [200V dc Sx 50x2.
330pF - 6800pF | 50V dc, 100V dc
100pF—  680pF |200V dc 65x 50x3.2
5.0 mm
3300 pF - 27000 pF | 50V dc, 100 V dc
820pF -~ 4700pF |200V dc 9.0x 7.5x38
12000 pF - 68000 pF | 50V dc, 100 V de
15x10.0x5.
5600 pF - 8200 pF  |200V dc 11.5x10.0x50
4700 pF - 68000 pF | 50V dc, 100 V dc
4700 pF— 8200pF |200V dc 11.5x100x5.0
10 mm

27000 pF - 100000 pF
10000 pF - 18000 pF

50V dc, 100V dc
200V dc

140x125x5.0
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Multilayer Capacitors

5. Brief data

Designation in acc. with CoG X7R Z5U

EIA standard

RS-198-B

Dielectric class 1 class 2 class 2

Temperature range -55to +125°C -55 to +125°C|+10°C to +85°C

DIN climatic category FKF FKF LPF

(DIN 40040)

IEC climatic category 55/125/56 55/125/56 |05/85/56

(IEC 68, part 1;

DIN 40045)

Capacitance change +30 x 10-6/K +15% +22%

within temperature range -56%

at rated voltage Vg +30 x 10-6/K B _

Voltage test 2.5x Vg

Dissipation

factor tan 5 > 50 pF < 15x103

(limit value) < 50 pF < (—165-+ 0.7)x10%| < 25109 | < 30x 109

Insulation resistance?)

Rig at 25°C > 105 MQ > 105 MQ > 104 MQ
at 125°C > 104 MQ > 104 MQ -

Time constantt at 25°C > 1000 sec > 1000 sec |> 500 sec
at 125°C > 100 sec > 100 sec |-

Capacitance drift li,| < (0.2% +0.4 pF) |- -

Aging (typical value)

Capacitance change for - -2% -5%

each logarithmic

time decade

Capacitance values

available E12 E12 E6

E series

1) the smaller value has to be applied

275



Multilayer Capacitors

7. Characteristic curves

7.1. Characteristic curves for COG capacitors

Capacitance change versus temperature Insulation resistance versus temperature
(typical values) (typical values)
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Capacitance change versus frequency Impedance versus frequency
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Multilayer Capacitors

Characteristic curves for X7R capacitors (cont'd)

Impedance versus frequency Impedance versus frequency
for chips (typical values) for caps (typical values)
4 X7R chips 7 4 X7R caps 8
10 S~ T 10
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Resonant frequency versus capacitance Capacitance change versus measuring voltage
for chips and caps (typical values) (typical values)
10° XTR 9’ e xw 0
MHz AC
fos 10° T Co
‘ Chip (without leads)
102 \\ _Cap (1.5 mm lead length)
. N
, N
10 ~
100 l -6 L Sy
10! 102 103 104 105 oF 106 02 04 06 08 Yms 10
—_— C - Vmeas

279



Multilayer Capacitors

Characteristic curves for Z5U capacitors (cont'd)

Impedance versus frequency Impedance versus frequency
for chips (typical values) for caps (typical values)
Z5U chi 7 4 Z5U caps 8
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Resonant frequency versus capacitance Capacitance change versus measuring voltage
for chips and caps (typical values) (typical values)
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Multilayer Capacitors

8.8. Solderability
Test conditions comply with MIL-STD-202 E, method 208 C

8.9. Moisture resistance

Test conditions comply with MIL-STD-202 F, method 106 E
Test voltage: rated voltage or 100 V dc
The lower voltage has to be applied.

8.10. Resistance to soldering heat (chips)
Test conditions comply with MIL-STD-202 E, method 210 A, test condition B

Soldering bath temperature: (260 + 5) °C
Immersion duration: max. 15 sec
Soldering bath: Sn 62 Pb 36 Ag 2

Permissible variation

COG < 1% or 1 pF (the larger value has to be applied)
X7R £ + 10%
Z5U < + 20%

8.11. Resistance to soldering heat (caps)
Test conditions comply with MIL-STD-202 E method 210 A, test condition D
Soldering bath temperature: (260 £ 5) °C

Immersion duration: (20 + 2) sec

Permissible variation

COG < 0.5% or 0,5 pF (the larger value has to be applied)

X7R £ + 10%

Z5U £ + 20%

8.12. Thermal shock test

Test conditions comply with MIL-STD-202 E, method 107 D, test condition A

8.13. Life test
Test conditions comply with MIL-STD-202 E, method 108 A

Test temperature: max. categoy temperature With X7R, BX, and Z5U
Test voltage: 1.5 x Vg pretreatment and aftertreatment
Test duration: 1000 hrs like in moisture test

Permissible variation

COG: < 3% or 1 pF (the larger value has to be applied)
tan 6 £ 1.5 x tan § limit value
Ris > 4000 MQ or 40 sec
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Multilayer Capacitors

9. Mounting instructions for chips and caps
Common mounting methods are:

@ flow soldering
@ reflow soldering
® cementing

9.1. Flow soldering

The components are sticked onto the thick film substrate (glass, ceramic) or onto the etch-
ed PCB (glass fiber) by a silicone adhesive. The adhesive may be applied by means of silk
screening. With this process, care must be taken of the contacting areas not to be covered
by the adhesive.

The components are pressed onto the substrate. An excellent adherence is ensured by a
glue depth of 60 to 80 um. This amount will also not contaminate the contacting areas while
the contacting pressure is applied. Soldering can be effected by flow or dip soldering. An
Sn-Po alloy next to the eutecticum with an Ag additive of 3.5 to 4% has proved successful
as a solder (e.g. Solldamoll 170 Sn/PB/Ag: 60/35/4). The solder bath temperature should
amount to (225 + 10) °C; a maximum soldering time of 5 seconds is permitted. A nonacti-
vated 45% resin dissolved in a 55% ethyl alcohol with glycerin additive serves as an appro-
priate flux. The flux remainders should be removed after the components have been solder-
ed. Cleaning baths containing isopropyl alcohol are suitable for this process.

9.2. Reflow soldering

The solder powder together with a flux is applied as paste onto the PCB. This process ist
appropriately carried out with silk screening. The coating thickness should thereby amount
to approximately 80 um.

The equipped substrates are best heated in a continuous-heating or reflow furnace. In such
furnaces, the objects are gradually heated to 200 °C. A minimum soldering time has to be
kept in order to avoid dry joints. The maximum soldering time ist 5 seconds. This period dimin-
ishes a possible unalloying which is due to the tin's high absorptive power on silver. Using
silver-palladium contacts also contributes to prevent unalloying of the contacts, and it addi-
tionally prolongs the shelf live. However, a sulfurous atmosphere is to be avoided since it
would generate silver sulfide impairing the solderability of the chips. An appropriate solder
would be Sn/Pb/Ag (60%/36%/4% or 60%/38%/2%). The melting points of the solders lie
at 183 °C or 189 °C. The flux should be organic and of medium activity.

The objects are to be cleaned by a mild agent or in an ultrasonic bath.

9.3. Cementing

A ’silver-bearing two-component expoxy resin adhesive is suitable for cementing chips.

Such adhesives may be applied by means of dosing silk screen processes or stamping ma-
chines. The duration of the curing process depends on the curing temperatures and lasts
between 1 minute and 12 hours.
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Packaging Ceramic Capacitors

on Continuous Tapes

B 37071

Dimensions and tolerances

Multilayer capacitors

SIBATIT 50000 capacitors

|
- e
- : :_ j |
QR
O o Sl
f P, ,._p,..F’_j_ o —{Ds .
Tape run

Dimensionsinmm
Designation Symbol | Value Tolerance | Notes
Head width b 11 max.
Head thickness s 3.8 max.
Lead diameter d 0,6 +0.05
Hole spacing Po 12.7 +0.2 + 1 mm/10 hole spacings’
Spacing: hole center to
lead center P1 3.85 *0.7
Lead spacing F 5 +0.6/—0.1
Slope of capacitor Ah 0 +2.0 measured of upper head edge
Slope of capacitor Ap 0 +1.3
Base width w 18 +0.5
Adhesive width Wo 15 max. removal force = 5N
Spacing: hole to upper
tape edge Wi 9 +0.5
Position of adhesive tape we 2.5 -2
Spacing: hole center to kink Ho 16 +0.5
Spacing: hole center to upper
component edge H1 32.2 max.
Hole diameter Do 4 +0.2
Tape thickness t 0.7 +0.2
Projecting length of lead / 1 max.
Length of cutlead L 11 max.
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Packaging Ceramic Capacitors B 37071
on Continuous Tapes
AMMO-PACK
55 m:N‘/y.o max.— ]
Ordering code and packaging quantities
Type of Caps Lead Spacing | Ordering code for Minimum order quantities
taped parts packaging unit
(pieces/carton)
B37979-N**** — +5* 2500
B37981-M**** — + 5* 2500
B37982-N**** — +5* 2500
2,5mm B37986—N**** — 4+ 5* 2500
B37987-M**** — + 5* 2500
B37988-N**** — +5* 2500
Multilayers Caps B37979-G**** — + 5~ 2500
B37981—F**** — +5* 2500
B37982-G**** — +5* 2500
B37983-N**** — +5* 2000
5mm B37984-M**** — + 5* 2000
B37985-N**** — +5* 2000
B37986-G**** — +5* 2500
B37987-F**** — +5* 2500
B37988-G**** — +5* 2500
B37448—F**** — S5* 2000
2,5mm B37448-N**** — S5* 2000
SIBATIT® 50000 B37449-F**** — S5* 2000
5mm B37449-N**** — S5* 2000

Ordering code for taping

B37979-51470-+5-

Type
Code (see data sheet)

Code

0 = Cassette pack
1 = Reel pack
4 = AMMO-PACK

Tolerance
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Packaging Ceramic Capacitors B 37071
on Continuous Tapes

Drums for packaging

1b,Ltmax.
}_
"
- o~
_HE %
g2
| ® %
|l 84125
il o
a: [=
R 2
sl
D. L-'
a 3
o, 3
affl <
el
L:': l
Lo

Packaging units:
5000 pieces for thickness 0.5
3000 pieces for thickness 1.0
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Packaging Ceramic Capacitors B 37071
on Continuous Tapes
Ceramic material: X7R
Rated EIA standard 0805 EIA standard 1206
capacity Chlpsting.l;ness Ordering code Chip tirllcﬁness Ordering code
470 pF B37941-K5471-+61
560 pF B37941-K5561-+61
680 pF B37941-K5681-+61
820 pF B37941-K5821-+61
1,0 nF 0,5 mm B37941-K5102-+61
1,5 nF B37941-K5152--61 B37872-K5152-+61
2,2 nF B37941-K5222-+61 B37872-K5222-+61
3,3 nF B37941-K5332-+61 0,5 mm B37872-K5332-+61
4,7 nF B37941-K5472-+61 B37872-K5472-+61
6,8 nF B37941-K5682-+61 B37872-K5682-+61
1,0 mm
10 nF B37941-K5103-+61 B37872-K5103-+61
15 nF B37872-K5153-+61
22 nF B37872-K5223-+61
33 nF 1.0 mm B37872-K5333-+61
*Insert letter for capacitance tolerance.
Ceramic material: Z5U
EIA standard 0805 EIA standard 1206
Rated e Thiok Chip thick
capacity pS ;8.1"955 Ordering code ps 1|8 1ness Ordering code
10 nF 0,5 mm B37942-K5103-+61 0,5 mm B37873-K5103-+61
22 nF 1,0 mm B37942-K5223-+61 B37873-K5223-+61
47 nF 1,0 mm B37873-K5473-+61
100 nF B37873-K5104-+61

*Insert letter for capacitance tolerance.
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Version
Caps with thickly tinned leads
in acc. with DIN 40500, part 5

Leads
Shorter leads are available

Marking

Rated capacitance, capacitance tolerance,
trademark, ceramic material,

rated voltage

Note: x =Insert appropriate letter for capacitance tolerance.

Smax 2,5max

5.5max

U o545

w
+
(=}
N

20,6

Dimensions in mm
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Version
Caps with thickly tinned leads
in acc. with DIN 40500, part 5

Leads
Shorter leads are available

Marking

Rated capacitance, capacitance tolerance,
trademark, ceramic material,

rated voltage

Note: x = Insert appropriate letter for capacitance tolerance.

Smax  3.2max

Dimensions in mm
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Version
Caps with thickly tinned leads
in acc. with DIN 40500, part 5

Leads
Shorter leads are available

Marking

Rated capacitance, capacitance tolerance,
trademark, ceramic material,

rated voltage

Taped version
LS 5 mm available

Note: x =Insert appropriate letter for capacitance tolerance.

Dimensions in mm
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Version Smax 32max

Caps with thickly tinned leads =
in acc. with DIN 40500, part 5 ‘E
Leads 3
Shorter leads are available
. - 52051
Marking N
Rated capacitance, capacitance tolerance, ]”_H
trademark, ceramic material,
rated voltage 206
Taped version
LS 5 mm available Dimensions in mm

Note: x =Insert appropriate letter for capacitance tolerance.
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Version
Caps with thickly tinned leads
in acc. with DIN 40500, part 5

Leads
Shorter leads are available

Marking

Rated capacitance, capacitance tolerance,
trademark, ceramic material,

rated voltage

Taped version
LS 5 mm available

Note: x = Insert appropriate letter for capacitance tolerance.

75max  38max

9max

1

5%05

206

Dimensions in mm
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Version
Caps with thickly tinned leads
in acc. with DIN 40500, part 5

Leads
Shorter leads are available

Marking

Rated capacitance, capacitance tolerance,
trademark, ceramic material,

rated voltage

Taped version
LS 5 mm available

Note: x =Insert appropriate letter for capacitance tolerance.

10 max Smax

e

1.5max

A1

206

Dimensions in mm
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Version Smax  2.5max
Caps with thickly tinned leads -
in acc. with DIN 40500, part 5

Leads
Shorter leads are available

5.5max

125205
Marking

Rated capacitance, capacitance tolerance,
trademark, ceramic material,

rated voltage

l‘- 30+5
| e |

20,6

Dimensions in mm

Rated voltage Vg =100 V dc

Cg (oF)| Ordering code Cr (pF)| Ordering code
220 |B37981-M1221—x 1000 |B37981-M1102—x
270 |B37981-M1271—x 1200 |B37981-M1122—x
330 |B37981-M1331—x 1500 |B37981-M1152—x
390 |B37981-M1391—x 1800 |B37981-M1182—x
470 |B37981-M1471—x 2200 | B37981-M1222—x
560 |B37981-M1561—x 2700 | B37981-M1272—x
680 |[B37981-M1681—x 3300 | B37981-M1332—x
820 |B37981-M1821—x 3900 | B37981-M1392-x

4700 | B37981-M1472—x

Note: x =Insert appropriate letter for capacitance tolerance.
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Version

Caps with thickly tinned leads
in acc. with DIN 40500, part 5

Leads
Shorter leads are available

Marking

Rated capacitance, capacitance tolerance,

trademark, ceramic material,

rated voltage

Rated voltage Vg =100 V dc

Cg (pF)| Ordering code

Cr (pF)

Ordering code

5600 | B37987-M1562-x
6800 | B37987-M1682—x
8200 | B37987-M1822—x

10000
12000
15000
18000
22000
27000
33000
39000

B37987-M1103—x
B37987-M1123—x
B37987-M1153-x
B37987-M1183—x
B37987-M1223-x
B37987-M1273-x
B37987-M1333—x
B37987-M1393—x

Note: x = Insert appropriate letter for capacitance tolerance.

Smax  32max

6,5max

w lip5+05
2
| -

Dimensions in mm

206
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Version
Caps with thickly tinned leads
in acc. with DIN 40500, part 5

Leads
Shorter leads are available

Marking

Rated capacitance, capacitance tolerance,

trademark, ceramic material,
rated voltage

Taped version
LS 5 mm available

Rated voltage Vg =100V dc

Cr (pF)| Ordering code Crg (pF)| Ordering code
220 |B37981-F1221—x 1000 |B37981-F1102—x
270 | B37981-F1271—x 1200 |B37981-F1122—x
330 |B37981-F1331—x 1500 |B37981-F1152—x
390 |B37981-F1391—x 1800 |B37981-F1182—x
470 |B37981-F1471—x 2200 |B37981-F1222—x
560 |B37981-F1561—x 2700 |B37981-F1272—x
680 | B37981-F1681—x 3300 |B37981-F1332—x
820 |B37981-F1821—x 3900 |B37981-F1392—x

4700 |B37981-F1472-x

Note: x = Insert appropriate letter for capacitance tolerance.

Smax  25max

505

Ul

20,6

Dimensions in mm
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Version
Caps with thickly tinned leads’
in acc. with DIN 40500, part 5

Leads

Shorter leads are available

Marking
Rated capacitance, capacitance tolerance,

trademark, ceramic material,

rated voltage

Taped version
LS 5 mm available

Rated voltage Vg =100 V dc

Cg (oF)| Ordering code Cg (pF) | Ordering code
5600 |B37987-F1562—x 10000 | B37987-F1103—x
6800 |B37987-F1682—x 12000 | B37987-F1123—x
8200 |B37987-F1822—x 15000 | B37987-F1153—x
18000 | B37987-F1183—x
22000 | B37987-F1223—x
27000 | B37987-F1273—x
33000 | B37987-F1333—x

39000

B37987-F1393—x

Note: x =Insert appropriate letter for capacitance tolerance.

Smax 32max

E

13

wn

w

w 52051
206

Dimensions in mm
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Version
Caps with thickly tinned leads
in acc. with DIN 40500, part 5

Leads
Shorter leads are available

Marking

Rated capacitance, capacitance tolerance,

trademark, ceramic material,
rated voltage

Taped version
LS 5 mm available

Rated voltage V3 =100 V dc

Cg (pF)| Ordering code Cg (pF)

Ordering code

47000 | B37984-M1473-x 100000
56000 | B37984-M1563—x 120000
68000 | B37984-M1683—x 150000
82000 | B37984-M1823—x 180000

B37984-M1104—x
B37984-M1124—x
B37984-M1154—x
B37984-M1184—x

Note: x = Insert appropriate letter for capacitance tolerance.

75max  38max

o

9max

505

T

206

Dimensions in mm

315



Version
Caps with thickly tinned leads
in acc. with DIN 40500, part 5

Leads
Shorter leads are available

Marking

Rated capacitance, capacitance tolerance,
trademark, ceramic material,

rated voltage

Taped version
LS 5 mm available

Rated voltage V; = 100 V dc

-~

Cg (pF) | Ordering code

220000 | B37901-M1224—x
270000 | B37901-M1274—x
330000 | B37901-M1334—x

Note: x =Insert appropriate letter for capacitance tolerance.

10 max Smax

206

Dimensions in mm
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Version B 37982
Caps with thickly tinned leads
in acc. with DIN 40500, part 5 S5max  2.5max

Leads
Shorter leads are available

5.5max

Marking

Rated capacitance, capacitance tolerance,
trademark, ceramic material,

rated voltage

17545

30+5

Rated voltage V3 =50 V dc

Cg (pF)| Ordering code Cg (pF) | Ordering code

68000 |B37988-N5683—x 100000 | B37988-N5104—x
150000 | B37988-N5154—x
220000 | B37988-N5224—x
330000 | B37988-N5334—x

Note: x = Insert appropriate letter for capacitance tolerance.

B 37988 —
LS:2.5mm

Body Size 6.5 x 5.0 x 3.2 mm

B 37988

Smax  32max

6,5max

T_ 75405

il

Dimensions in mm

20,6

319



B 37985 —

LS:5.0 mm
Body Size 6.5 x 5.0 x 3.2 mm
Version B37982 B37985
Caps with thickly tinned leads B37988
in acc. with DIN 40500, part 5 ’
Leads Smax  2.5max Smax  32max
Shorter leads are available % r—
£
Marking 3

Rated capacitance, capacitance tolerance,
trademark, ceramic material,

rated voltage :‘?) ”
Taped version

. 20,6
LS 5 mm available 208

5405

Dimensions in mm

Rated voltage Vz =50 V dc

Cg (pF)| Ordering code Cg (pF) |Ordering code

68000 | B37988-G5683—x 100000 | B37988-G5104—x
150000 | B37988-G5154—x
220000 | B37988-G5224—x
330000 | B37988-G5334—x

Note: x = Insert appropriate letter for capacitance tolerance.
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B 37902 -
LS: 5.0 mm

Body Size 11.5 x 10.0 x 5.0 mm

Version B37985 B37902
Caps with thickly tinned leads B37902-J5155-+
in acc. with DIN 40500, part 5
75max  38max 10 max Smax
Leads

Shorter leads are available

- . x P
Marking e g
Rated capacitance, capacitance tolerance, @ :.2
trademark, ceramic material,

rated voltage 2
2 o 505
Taped version l H Il o
LS 5 mm available 7
20,6

Dimensions in mm
Rated voltage Vg =50 V dc

Cg (uF) Ordering code

2200000 |B37902-N5225—x

Note: x = Insert appropriate letter for capacitance tolerance.
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Multilayer Capacitors
COG (NPO) Chips

B 37871
EIA Std. 1206

Rated capacitance Cy

Rated voltage V5

DIN climatic category (DIN 40040)
IEC climatic category (IEC 68, part 1)

Dielectric

Temperature range &
Capacitance change AC
Voltage test Vigg,

Dissipation factor tan &
Insulation resistance Rq
Time constant t
Capacitance values available

Capacitance tolerance and code letters

Rated voltage V=50V dc

47 pF to 1000 pF
50V dc; 100 V dc
FKF (-55°C to +125°C, humidity category F)

55/125/56

class 1

-55°C to +125°C
+ 30 x 10-6/K

25x Vg

< 1.5x108

> 105 MQ at 25°C

> 1000 sec at 25°C

E 12 series (preferred series)
+20% 2 M; £ 10% 2 K; + 5% 2 J

Cr (pF)| Ordering code Cr (pF)| Ordering code Cr (pF)| Ordering code
1 B37871-K5010—+1 10 B37871-K5100—+ 1 100 B37871-K5101—+1
1.2 B37871-K5010-+201 | 12 B37871-K5120—+1 120 B37871-K5121—+1
1.5 B37871-K5010-+501 | 15 B37871-K5150—+1 150 B37871-K5151—+1
1.8 B37871-K5010—-+801 | 18 B37871-K5180—+1 180 B37871-K5181—+1
2.2 B37871-K5020—-+201 | 22 B37871-K5220—+ 1 220 B37871-K5220— + 1
2.7 B37871-K5020-+701 | 27 B37871-K5270—+ 1 270 B37871-K5271—+1
3.3 B37871-K5030—-+301 | 33 B37871-K5330—+ 1 330 B37871-K5331—+1
3.9 B37871-K5030-+901 | 39 B37871-K5390—+ 1 390 B37871-K5391—+1
4.7 B37871-K5040—+701 | 47 B37871-K5470—+ 1 470 |.B37871-K5471—+1
5.6 B37871-K5050—-+601 | 56 B37871—-K5560—+ 1 560 B37871-K5561—+1
6.8 B37871-K5060—+801 | 68 B37871-K5680—+ 1 680 B37871-K5681—+1
8.2 B37871-K5080-+201 | 82 B37871-K5820—+ 1 820 B37871-K5821—+ 1
1000 B37871-K5102—+1
Rated voltage Vg =100 V dc
EIA standard 1206
Cg (pF)| Ordering code Cg (pF)| Ordering code B 37871
47 B38871-K1470—+1 100 B38871-K1101—+1 1.60+0.20 1.3 max
56 B38871-K1560—+1 120 B38871-K1121—+1 D I* *l r—
68 B38871-K1680—+ 1 150 B38871-K1151—+1 o —) )
82 B38871-K1820—+ 1 180 B38871-K1181—+1 S
220 | B38871-K1221—+1 @
270 | B38871-K1271—+1 5 {8
330 B38871-K1331—-+1 - ) 1l
390 B38871-K1391—+1 T_ _Fg
470 B38871-K1471—+1

Note: + =Insert appropriate letter for capacitance tolerance.
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B 37952

EIA Std. 1812

Version
Chips without leads with silver-palladium terminations

EIA standard 1210
B 37949

2547025 = = 20max =

—

[=-3,18%0.28 —= i

Rated voltage Vg =50V dc

0,5%0.25

Cr (PF)

Ordering code

1200
1500
1800
2200
2700
3300
3900
4700
5600

6800

B37952-K5122—+ 1
B37952-K5152—+1
B37952-K5182—+ 1
B37952-K5222—+1
B37952-K5272—~+ 1
B37952-K5332—+ 1
B37952-K5392—+ 1
B37952-K5472—~+1
B37952-K5562—+ 1
B37952-K5682—+ 1

Rated voltage Vg =100 V dc

Cr (pF)

Ordering code

1000
1200
1500
1800
2200
2700
3300

B37952—K1102—+ 1
B37952-K1122—+1
B37952-K1152—+1
B37952-K1182—+1
B37952—K1222—+1
B37952-K1272—+1
B37952-K1332—-+1

Note: + =Insert appropriate letter for capacitance tolerance.

EIA standard 1812
B 37952

- 3187028 |e— —={20 max fe—

= -—-4,52%036 —--of

0.5%025

Dimensions in mm
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Multilayer Capacitors
X7R Chips

B 37941
EIA Std. 0805

Rated capacitance Cy

Rated voltage Vg

DIN climatic category (DIN 40040)
IEC climatic category (IEC 68, part 1)

Dielectric

Temperature range &

Capacitance change AC

Voltage test Vigg

Dissipation factor tan §

Insulation resistance R;q

Time constant t

Capacitance values available
Capacitance tolerance and code letters

Rated voltage Vg =50 V dc

470 pF to 15000 pF

50V dc; 100V dc

FKF (-55°C to +125°C, humidity category F)
55/125/56

class 2

-55°C to +125°C

+ 15%

25x Vg

< 25x10-3

> 105 MQ at 25°C

> 1000 sec at 25°C

E 12 series (preferred series)
+ 20% 2 M; £ 10% 2 K

Ordering code

Cg (pF)| Ordering code

Cg (oF)| Ordering code Cg (pF)
10000 | B37941-K5103—+1 1000
12000 | B37941-K5123—+1 1200
15000 | B37941-K5153—+1 1500
180 B37941-J5181-+9 1800
220 B37941-45221-+9 2200
270 B37941-J5271-+9 2700
330 B37941-J5331-+9 3300
390 B37941-J5391-+9 3900
470 B37941-J5471-+9 4700
560 B37941-J5561-+9 5600
680 B37941-J5681-+9 6800
820 B37941-J5821-+9

B37941-K5102—+1
B37941-K5122—+1
B37941-K5152—+ 1
B37941-K5182—+1
B37941-K5222—+ 1
B37941-K5272—+1
B37941-K5332—+1
B37941-K5392—+1
B37941-K5472—+1
B37941-K5562—+ 1
B37941-K5682—+ 1

8200 | B37941-K5822—+1
1

470 | B37941-K5471—+1
560 | B37941-K5561—+1
680 | B37941-K5681—+1
820 | B37941-K5821—-+1

Rated voltage Vg =100 V dc

Cr (pF)| Ordering code Cg (pF)| Ordering code
470 |B37941-K1471—+1 1000 |B37941-K1102—+1
560 |B37941-K1561—+1 1200 |B37941-K1122—+1
680 |B37941-K1681—+1 1500 |B37941-K1152—+1
820 |B37941-K1821—+1 1800 |B37941-K1182—+1

2200 |B37941-K1222—+1
2700 |B37941-K1272—+1
3300 | B37941-K1332—-+1

Note: + =Insert appropriate letter for capacitance tolerance.

EIA standard 0805
B 37941

1.27+0.19 1.3 max

.

may

T 18

2.03+0.23
+0.25
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Multilayer Capacitors
X7R Chips

B 37950
EIA Std. 1210

Rated capacitance Cg

Rated voltage Vg

DIN climatic category (DIN 40040)
IEC climatic category (IEC 68, part 1)

Dielectric

Temperature range §

Capacitance change AC

Voltage test Vi q

Dissipation factor tan §

Insulation resistance R;g

Time constant t

Capacitance values available
Capacitance tolerance and code letters

Rated voltage Vg =50 V dc

8200 pF to 120000 pF

50V dc; 100 V dc

FKF (-55°C to +125°C, humidity category F)
55/125/56

class 2

-55°C to +125°C

+ 15%

25x Vg

< 25x 103

> 105MQ at 25°C

> 1000 sec at 25°C

E 12 series (preferred series)
+ 20% &2 M; + 10% 2 K

Cg (pF)| Ordering code Cg (pF)

Ordering code

Cr (pF)

Ordering code

10000
12000
15000
18000
22000
27000
33000
39000
47000
56000
68000
82000

8200 | B37950-K5822—+1

B37950-K5103—+1
B37950-K5123—+1
B37950-K5153—+1
B37950-K5183—+1
B37950-K5223—-+ 1
B37950-K5273—+1
B37950-K5333—+1
B37950-K5393—+1
B37950-K5473—+ 1
B37950-K5563—+ 1
B37950-K5683—+ 1
B37950-K5823—-+ 1

0.10 uF
0.12uF

B37950-K5104~+1
B37950-K5124~+1

Rated voltage Vy =100 V dc

Cg (pF)| Ordering code Cr (PF)

Ordering code

8200 |B37950-K1822—-+1 10000
12000
15000
18000
22000
27000
33000

B37950-K1103—-+1
B37950-K1123—+1
B37950-K1153—+1
B37950-K1183—-+1
B37950-K1223—+1
B37950-K5173—+1
B37950-K1333—+1

Note: + =Insert appropriate

letter for capacitance
tolerance.
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Multilayer Capacitors
X7R Chips

B 37956
EIA Std. 2220

Rated capacitance Cp

Rated voltage V5

DIN climatic category (DIN 40040)
IEC climatic category (IEC 68, part 1)

Dielectric

Temperature range §

Capacitance change AC

Voltage test Vi,

Dissipation factor tan &

Insulation resistance Rg

Time constant t

Capacitance values available
Capacitance tolerance and code letters

Rated voltage V3 =50 V dc

Cg (pF) |Ordering code

0.18 uF | B37956-K5184—+ 1
0.22 uF | B37956-K5224~+ 1
0.27 wF | B37956-K5274~+ 1
0.33 wF | B37956-K5334—+ 1
0.39 uF | B37956-K5394—+ 1
0.47 uF | B37956-K5474—+1
0.56 wF | B37956—-K5564—+ 1
0.68 uF | B37956-K5684—+ 1

Rated voltage V; =100V dc

47000 pF to 680000 pF

50V dc; 100 V dc

FKF (-55°C to +125°C, humidity category F)
55/125/56

class 2

-55°C to +125°C

+ 15%

25x Vg

< 25x10-3

> 105 MQ at 25°C

> 1000 sec at 25°C

E 12 series (preferred series)
+20% &2 M; + 10% & K

Cg (pF)| Ordering code Cg (pF) | Ordering code
47000 | B37956-K1473—+1 0.10 pF | B37956-K1104—+1
56000 |B37956-K1563—+1 | 0.12uF | B37956-K1124—+ 1
68000 | B37956-K1683—+1 | 0.15uF | B37956-K1154—+1
82000 | B37956-K1823—+1

Note: + =Insert appropriate letter for
capacitance tolerance.

EIA standard 2220
B 37956
+——5.08:+0.38 —] 4-12.0maxr-7
3
o
+
N
~
T}
o
L ) +
wn
=}



Multilayer Capacitors
Z5U Chips

B 37873

EIA Std. 1206

Rated capacitance Cy

Rated voltage Vg

DIN climatic category (DIN 40040)
IEC climatic category (IEC 68, part 1)

Dielectric

Temperature range §

Capacitance change AC

Voltage test Vo

Dissipation factor tan §

Insulation resistance R;q

Time constant t

Capacitance values available
Capacitance tolerance and code letters

Rated voltage Vz =50 V dc

10000 pF to 100000 pF
25V dc; 50 V dc

LPF (+10°C to + 85°C, humidity category F)

05/085/56

class 2

+10°C to +85°C
+22/-56%

25x Vp

< 30x10-3

> 104 MQ at 25°C
> 500 sec at 25°C

E 6 series (preferred series)

+80% to -20% & Z; + 20% 2 M

Cg (pF)| Ordering code Cg (pF)

Ordering code

10000 |B37873-K6103—+1 | 0.1uF
15000 | B37873-K6153—+1
22000 |B37873-K6223—+ 1
33000 |B37873-K6333—+1
47000 |B37873-K6473—+1

68000 | B37873-K6683—+ 1

B37873-K6104—+ 1

Note: + =Insert appropriate letter for
capacitance tolerance.

EIA standard 1206
B 37873

1.60+020 1.3 max

N B

3.18=0.28 D

-
-

0.5+0.25
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B 37954

EIA Std. 1812
Version
Chips without leads with silver-palladium terminations
EIA standard 1210 EIA standard 1812
B 37951 B 37954
—=12541025 = .= 20max ~— —={ 3187028 |e——={20 max fe—
= [- ‘
% t 8 X
i J C o 9
s J (s
) C =
f S

Rated voltage V3 =50 V dc Dimensions in mm

Cg (pF) | Ordering code

0.22 uF | B37954-K6224—+ 1
0.33 uF | B37954-K6334—+1
0.47 uF | B37954-K6474—+ 1

Note: + =Insert appropriate letter for capacitance tolerance.
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SIBATIT® 50 000 Capacitors
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SIBATIT® 50000 Capacitors

1. Introduction

The development of a special ceramic material — SIBATIT 50000 - also offered the possibili-
ty to produce capacitors featuring various improvements, compared to the usual single-layer
surface barrier layer ceramic capacitors.

The capacitance is produced by internal dielectric barrier layers on the surface of the
semiconducting ceramic material.

With usual single-layer capacitors, these barrier layers are generated at the outer
surfaces of the ceramic body. However, as those areas are highly sensitive they require a
rugged protective encapsulation. And moreover, those capacitors can only be produced as
disc-types.

2. Capacitor construction

SIBATIT 50000 capacitors are produced from a ceramic tube which has a rectangular
cross-section. This design offers particularly favorable space utilization on PCBs or volume
efficiency for circuits.

Internal construction

With SIBATIT 50000 capacitors, the barrier layers are built up in the boundaries of the indi-
vidual barium titanate grains, i. e. within the capacitor body. In this way material with very
thin dielectric layers is obtained. Those layers may repeatedly be connected in parallel and
in series with the conductive zones of the ceramic grains. Altogether this material features
an outstanding permittivity (dielectric constant) ¢ of approx. 50000.

## Contacting <. Conducting zones N\ Barrier layers
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3.2. Capacitor production

—_ =

—_

- O © O N O O »~ W N

. Raw material storage

. Incoming raw material

. Incoming examination of the raw material
. Separating

. Wiring

. Checking the wiring

. Encapsulating

. Electrical tests

. Marking, cutting, packing

. Quality and reliability tests

. Delivery to shipping warehouse
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SIBATIT® 50000 Capacitors

5. Brief data

Designation SIBATIT 50000 Low-loss capacitors
Dielectric class 2 class 2
Temperéture range -40°C to +85°C -40°C to +85°C

DIN climatic category GPF GPF

(DIN 40040)

IEC climatic category

(IEC 68, part 1; 40/085/56 40/085/56

DIN 40045)

Capacitance change AC
within temperature range

+20 to -55%

+20 to -55%

Voltage test V.,
at 2 x Vg; 1 sec (max.)

130 V dc (layer/layer)

130 V dc (layer/layer)

Dissipation factor tan §

atf,= 1kHzV, £02Vdc| < 50x10-3 ~

atf, =100 kHz; V,, £ 0.2V dc| - < 50x 1038
Insulation resistance R;¢ - > 10MQ
Self-discharge time constant t

att,=1min; V, =10V dc > 50 sec -

Impedance IZ|
atf, =10.7 MHz

£ 2Q (Cq=10000 pF)
£ 0.9 Q (Cg =22000 pF)

Aging
Capacitance change
per time decade

-2% (typ. value)

-2% (typ. value)

6. Technical explanation

Due to their polarity independence SIBATIT 50000 capacitors are suitable for circuits oper-
ating with voltage reversal of RF ac voltages, e. g. coupling, filter, and RF! suppression

capacitors.

SIBATIT 50000 also has a particularly high long-term capacitance stability. The capa-
citance decrease amounts to 2% per time decade which is far below the usual values of

comparable capacitors.
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SIBATIT® 50000 Capacitors

Characteristic curves (cont’d)

Self-discharge time constant versus temperature Insulation resistance versus temperature
(typical values) for low-loss capacitors (typical values)
10° 2 108 5
s < MQ
~ R
T 102 S~ lls
S
\‘\ 102 —
10 L
10° 1
-40 -20 O 20 40 60 °C 100 -40 -20 O 20 40 60 °C 100
—_—— —_ D
Capacitance change versus dc voltage Capacitance change versus dc voltage
(typical values) for low-loss capacitors (typical values)
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SIBATIT® 50000 Capacitors

8. Test and measuring conditions

8.1. Standards

SIBATIT 50000 capacitors comply which DIN 41920, DIN 40045, DIN 40046, and DIN 40040,
as well as IEC Publication 68.

8.2. DIN climatic category GPF

(DIN 40040)

Minimum category temperature G-40°C

Maximum category temperature P+85°C

Humidity category F < 75% average relative humidity

15% continuously on 30 days per year
85% occasionally on the remaining days

8.3. IEC climatic category 40/085/56

(IEC 68, part 1, or
DIN 40045)

8.4. Dry heat and damp heat tests

Pretreatment:
Stored for 1 hour at maximum category temperature; (24 + 2 ) hours recovery; final mea-
surements

Aftertreatment:
like pretreatment

® Dry heat test
in accordance with DIN 40046, part 4, or IEC Publ. 68-2-2

Conditions

Test temperature (85 £ 2)°C

Test duration 1000 hrs

Test voltage 1.5x Vp

Failure criteria

Capacitance change > + 20% from initial value
Dissipation factor > 1.5 x tan § limit value
Time constant < 1.25 sec (SIBATIT 50000)
Insulation resistance < 10 MQ (low loss)

® Damp heat test
in accordance with DIN 40046, part 5, or IEC Publ. 68-2-3

Conditions

Test temperature (40 + 2) °C
Relative humidity (9372 ) %
Test duration 56 days
Test voltage 35V dc
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SIBATIT® 50000 Capacitors

8.10 Mechanical robustness of the terminals

The leads may only be bent in a 1 mm distance to their outlets.
The terminals are in accordance with DIN 40046, part 19, January '78.

Tensile strength test: U,
leads: 10 N

Bending strength of the leads: test: Uy
two bendings in opposite directions;
bending angle 90° each, bending force 5 N
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LS: 5.0 mm

Version

Plastic-encapsulated capacitors (epoxy-dipped)

tinned leads.

Leads (I)
16+2 mm lead length
6-1 mm lead length

W max

—i= Imax —

-

code figure 2
code figure 7

t max

-—

$0)6+005

Version B37449-F6223-S+

W max
- -

00,6+77

Version B37449 - F6*** — S*

Dimensions in mm

Rated capacitance
Cpg (pF)

Ordering code
Dimensions w x / x t

22000 B37449-F6223-S« |-
53x9.0x27

33000 - B37449-F6333-S+
73x80x27

47000 - B37449-F6473-S+
73x80x27

68000 - B37449-F6683-S+
73x11x27

100000 - B37449-F6104-S+

73x12x27

Instead of the * in the ordering code insert the letter for the lead length.
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LS: 5.0 mm

Version

Plastic-encapsulated capacitors (epoxy-dipped)

tinned leads.

Leads (l)

16+2 mm lead length 2 code figure 2
6-1 mm lead length = code figure 7

#06+005
Version B37449-N6103-S+

W max t max

¢0,-6+0.05
Version B37449-N6223-S+
Dimensions in mm

Rated capacitance
Cg (PF)

Ordering code
Dimensions w x / x t

10000

B37449-N6103-S+
53x80x27

22000

B37449-N6223-S+
7.3x80x27

Instead of the « in the ordering code insert the letter for the lead length.
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MKV Capacitors
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MKV and MKP Capacitors
General Technical Information

MKYV capacitors .

are self-healing capacitors comprising tubular mineral oil impregnated low-loss plastic film
windings as dielectric and vacuum deposited regenerating paper layers. This paper, used as
carrier, does not lie within the electric field. MKV capacitors are particularly suitable for use at
high reactive load, i.e. at high capacitance ratings or higher frequencies.

MKP capacitors

are self-healing capacitors comprising tubular low-loss plastic film windings as dielectric and
vacuum deposited metal layers. MKP capacitors are preferably used at 50 Hz and voltage rat-
ings up to 450 Vac.

2. Self-healing capability

Heavy current capacitors, which were subject to a final production test at 2.15 times the rated
voltage, exhibit only few breakdowns during operation. The physical appearance of the area
of isolation resulting from the breakdown, gives rise to the assumption that the breakdowns
were caused by overvoltages or voltage peaks.

u
U T \\ Self-healing Recharge
D

AN
¥ \\dU/dt Figure 1
L5 Self-healing procedure
At —_—t

In heavy current supplies, even in mains, voltage peaks up to 3 times the rated supply voltage
still frequently occur. These voltage peaks mostly result from switching operations with mag-
netic parts. Locations of breakdown are weak points, such as included conducting parts,
holes in the dielectric, or conductive contaminations, which could not be eliminated at the
burnout during the production process.

From oscillograms of the voltage across the capacitor during a breakdown, its characteristics
can bederived:

Duration At : 1to10usec
Energyconversion AW : 1to100 mWsec AW=C-Up - AU
Capacitancevariation AC: approx. 100 nF

The breakdown is running in a current-limiting way; this means that the breakdown current is
automatically interrupted after a few microseconds without the necessity of making the point
of breakdown dead.
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MKYV and MKP Capacitors
General Technical Information

4. Characteristic data, operating characteristics and test conditions

4.1. Capacitance
4.1.1. Temperature dependence

The capacitance variation over the permitted temperature range (refer to climatic category)
is not linear but reversible. Fig. 2 shows the characteristic temperature behavior of the
capacitors.

2 r
% =
4C ——— MP
T -2 4 \X‘:
MKV,MKP 7
4L/
-6 / Fig.2
[ Relative capacitancevariationég
-8 versus ambienttemperature 9,mp
-60 -40 -20 0 20 40 60 °C 90
—_— 0amb

4.1.2. Capacitance drift

In additionto reversible changes the capacitance is also subject toirreversible changes, sum-
marized under the term “capacitance drift”. This is the sum of all time-dependent irreversible
changes of the capacitance during the whole operational life. The capacitance variation is in-
dicated in % of the value at delivery. (Typical value *1%.)

4.2. Voltage loading .
4.2.1. MP capacitors for dc application
Rated voltage Ur

The rated voltage Ur is that dc voltage which is indicated on the capacitor. The rated voltage
refers to an ambient temperature of 40°C/104°F and serves as base for determining the di-
electric design (definition in accordance with DIN 41180).

At continuous operation the capacitor may be loaded with voltages up to the rated voltage
within the permitted climatic category and taking the following limit conditions into consider-
ation. :
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MKYV and MKP Capacitors
General Technical Information

Peak voltage Up

The peak voltage U, is the maximum peak voltage, which may be applied to the capacitor for
intermittent operation and only occasionally, e.g. at switching processes.

Detailed data are to be found on the data sheets.

Dielectric strength, user’s test

The capacitors are designed such that the tests specified in the individual publications may
be carried out once by the user without quality reduction.

4.2.2. MKP capacitors fdr ac application

Rated voltage Ur

The rated voltage Ur is the rms value of the sinusoidal alternating voltage, which is indicated
on the capacitor. The rated voltage refers to the maximum temperature limit.

At the nominal kind of operation (continuous or intermittent operation, DB or AB) and at a
temperature up to the maximum capacitor temperature 9max., the capacitors may be operat-
ed as follows:

with alternating voltage of 1.1 times the rated voltage
with alternating current of 1.3 times the current, which flows through the capacitor at
rated sinusoidal voltage and rated frequency.

Operating voltage U, and peak voltage U,

Figure 5 shows the typical interdependence between operational life L and operating voltage
Uop, the operational life being the sum of all periods of operation.

100
%

AN

N

\ Figure5

Relative operational life L/Ly
0.1 versus relative operating voltage U,/ Us
1 12 14 6 18 2

—Uop/Ur
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MKV and MKP Capacitors
General Technical Information

4.3. Insulation
4.3.1. Self-discharge time constant

The insulation terminal to terminal is indicated according to DIN 41180 as self-discharge time
constant

T= Ris x C (measuredin MQ x uF = s).
The insulation resistance is the ratio of dc voltage applied to the current that flows after a cer-
tain period of time.

The current flowing after having applied a constant dc voltage is temperature, voltage and
time dependent. It is to be understood as the combined charging, self-recharging and
leakage current (definition in accordance with VDE 0560, part 1, § 11). In order to determine
the limit values the following conditions are to be met. The currentis measured 1 minute after
the measuring voltage has been applied at (20+1)°C/(68+1.8)°F and a relative humidity of
less than 65%. Standard voltageis 100 V.

104
s
T

Do AN
AN

i _\_______‘__—__'"

102
Fig.6
Self-discharge time constant ¢
10! versus ambient temperature J,np
0 20 40 60 80 °C 100

amb

Minimum value to DIN 41180 for MP capacitors for dc application
for C = 0.33 uF: 3000 MQ

for C > 0.33uF: 1000 sec

Minimum values as to VDE 0560 for ac capacitors are not required.

4.3.2. Insulation terminal to case

In case of double-pole, insulated capacitors the average value at delivery of the insulation re-
sistance between the short-circuited terminals and the case amounts to 10 GQ (measured at
100Vdc, 20°C/68°F, = 65 % relative humidity).

5. Internal heating

When ac capacitors are used, the generated power dissipation resultsin internal heating. The
arising temperature conditions are difficult to be determined in advance (influence of am-
bient temperature and special cooling conditions, radiation and heat conduction). In cases of
doubt, the user should make a type test in order to determine whether the limit temperature
indicated upon the capacitor surface has been exceeded or not.
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MKYV and MKP Capacitors
General Technical Information

For capacitors for power electronics, the frequency-dependent dissipation factor is indicated
ontheindividual sheets as follows:

tan § = (tan giel + const. X )

The dissipation factor of the polypropylene dielectric is practically constant and independent
of temperature throughout the frequency range up to 100 kHz:

tan Sgie =2 x 1074

5.3. Equivalent series resistance Resr

The value given in the individual sheets indicates the ohmic part of the equivalent series
resistance at resonant frequency. The data are referred to 9amp = 25°C/77°F and were de-
rived from measurements.

5.4. Powerloss

The power loss (A/) is calculated from the reactive power (N) and the dissipation factor for si-
nusoidal voltages

Ry = N x tan .

For the non-sinusoidal voltages the frequency-dependent dissipation factor has already to be
included into the Fourier analysis

Pr=Zvx Nyxtandy=27Cx Lvx U3 x f, x tan 3 (f)

For every capacitor for power electronics the individual data sheets contain the frequency de-
pendentdissipation factor and the thermal resistance Ain.

The user can thus determine the dissipation and the resulting temperature increase A Jwith

the aid of Fourier’s analysis: A 9 = Ay - Ry,. From this temperature increase and the ambient
temperature Jamb, the dielectric temperature Jgiel can be derived as:

Ydiel = Jamb + A 9= 85°C/185°F.

In orderto maintain the given operational reliability, the temperature of the dielectricis not al-
lowed to exceed 85°C/185°F.

In every other event, particularly in cases of doubt, we will gladly carry out the calculations for
ourcustomers. Inthis case, itis requested to return an answered questionnaire (see page 46).

5.5. Maximum current I ay.

Apart from the “thermal limit” for the current carrying capacity, resulting from Fourier's
analysis as described in para5.1. and 5.4., another current limit given by the design of current
paths, line cross-sections and connecting elements has to be taken into account. Since this
limit value is to be understood as an independent value, the individual data sheets also offer
the permitted currentvalue (/max.)-
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MKV and MKP Capacitors
General Technical Information

Non-sinusoidal voltage loading

sine
Qmay = const.

Figure9
Permissible frequencies

30 °C 90

In figure 9, the permissible frequencies are illustrated versus ambient temperature for the
rated voltage and the charge exchange time taken as parameter (30, 100, 300 us) as well as for
sine voltages.

6. Ambient temperature J.mp

In case of natural cooling the capacitors are cooled by natural air circulation and heat dissipa-
tion. The ambient temperature (9amb) is measured in a distance of 30 cm and at % of the capa-
citor height. The permissible load is reduced when other components around the capacitor
cause a temperaturerise.

6.1. Maximum limit temperature Jmax

The maximum temperature Imax is that temperature occurring in the worst case at the hottest
spot of the capacitor surface including temperature rise at rated load (definition in accord-
ance with VDE 0560, part 1,8 12).

7. Overload protection

MP and MKV capacitors always have an excess pressure make-and-break fuse, which pre-
vents the capacitor from being blown up, resulting from undue overload or critical phases at
the end of its service life. This requirement cannot be met by overcurrent protection, since a
self-healing capacitor does not carry any considerable overcurrent; whereas this capacitor
type can be disconnected by means of a make-and-break fuse due to its internal pressure
caused by the gas produced during the many self-healing processes.
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MKV and MKP Capacitors
General Technical Information

8. Mounting instructions

When capacitors with a make-and-break fuse are mounted, care should be taken not to
hinder the elastic elements of the fuse.

This means:

The connecting leads must be sufficiently elastic. The space left above the aluminum capaci-
tor connections must be sufficient and the elastic bottom of tubular case capacitors must be
flexible within the beading. The crimps may not be fixed by clamps. When these regulations
are taken into account, Siemens capacitors with make-and-break fuses offer maximum relia-
bility for all alternating voltage applications.

Fitting position

Capacitors in aluminum and plastic case may be mounted in any position. For capacitors in
big tubular cases upright mounting is mandatory. Horizontal mounting can be permitted after
agreement with the manufacturer.

Fixing
The threaded bolts of aluminum and plastic cases up to diameters greater than 60 mm and a
height of 154 mm may be used for fixing when the vibration conditionsare upto5 g. Larger ca-

pacitors are to be fixed, e.g. with ring clips according to B 44031, or connecting rings accord-
ing to B 44032.

Grounding

Either the threading bolt of aluminum cases or the ground strip at the cover of tubular cases
are to be used for grounding in accordance with VDE 0100.

Safety precautions

When MP filter capacitors are used, it is necessary to observe the safety precautions for high
voltage capacitors (self-recharging phenomenon and high energy level of high voltage batte-
ries).

9. Mechanical robustness of terminations
The connecting elements meet the requirements of DIN 40046, sheet 19, edition Jan. 70

TestUa-Tensile 2kp’)
TestUb-Bending two bends
in the opposite direction
TestUc—Torsion condition 2 (2 rotations)
TestUd-Torque of threaded
bolts
) 2kp 2 20N
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MKV and MKP Capacitors
General Technical Information

11.5. Failure quota aaq

The failure quota indicates the number of permitted failures per 10° component hours.

4th code letter
Failure quota given in failures per 10° component hours

K L M N P Q
100 300 1000 3000 10000 | 30000

The failure quotais coded in the 4th code letter.

11.6. Load duration (life expectation) fsp

The load duration is the sum of all periods during which voltage is applied

(deviating from DIN 40040).
Itis identified by the 5th code letter.

bth code letter
Load durationin hours

R S T U v
100000 | 30000 | 10000 3000 1000

11.7. Relative failure rate

The relative failure rate is the ratio of the number of failed to the total number of components
and applies to the load duration indicated. It is the product of failure quota and load duration.
The value stated in the data sheets is an average value, which was not exceeded during

investigations of a sufficiently large number of components.

11.8. Failure criteria

Total failure O Shortor
O opencircuit

Failure due to variation
Exceeding of the limit values for: O Capacitance instability
O Dissipationfactortan 6

11.9. Example of coding the climatic category

Code letters

Minimum temperature limit
Maximum temperature limit
Humidity

—x
— -

—w
M

~

=4

Load duration

Failure quota
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MKV and MKP Capacitors
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14.3. Cycle duration (SD)

The cycle duration is understood as the sum of operation time and voltage-free intervals atin-
termittent operation.

14.4. Relative operation time (ED)

The relative operation time is the ratio of operation time to cycle duration, stated as a per-
centage of the cycle duration.

Example: AB20%ED; SD 10 hours

means intermittent operation at a cycle duration of 10 hours, where a voltage is applied to the
capacitor for 2 hours and the interval lasts 8 hours.

14.5. Short-time operation (KB)

At short-time operation the duty cycle is so short that the steady-state capacitor temperature
is not achieved. The voltage-free interval is so long, that the temperature cools down practi-
cally to the temperature of the cooling agent.

15. Solder conditions

When the capacitors are subjected to the soldering process, care must be taken that the
capacitors are not being damaged by too high heat input. Siemens capacitors meet the
following test conditions in accordance with DIN 40046, sheet 18:

Solderability test 275°C+10°C/527°F £ 18°F, 2sec +0.5sec
Heatresistance test 350°C+10°C/662°F+18°F,bsec

Solder here

Do not solder here

Solderhere

Localization of-heat:
do notsolder here

Fig.12

Too strong connecting leads (> 1 mm dia) must be avoided since the soldering process would
require too much heat resulting in dangerous melting of the solder tags (see figure 12).

Flattwo-pin-plugs, 4.3 mm, are not suited for the soldering of connecting wires.
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MKV Capacitors for Power Electronics

B 25832

Design data

Outline drawing a
B 25832-++++x-K1
with flat solder plugs 6.3 X0.8

12:01"

|
Z; 7 Toothed
?, - M8 spring washer
e

~ J 8.2 DIN 6797

, Hex nut
G.I) AM 8 DIN 439

) can be used
as solder tag
S 2.5 DIN 41496

Outline drawing b
B 25832-++:++-K9
with flat two-pin plugs 6.3 X0.8

63" 01]‘@24'1

805

. [+

d hmax d hmax (1 d‘l
25 16.5 40; 45 135 8 |M 8
— Dimensions .
30-45 12 in mm 50-60 12 | M12

Capacitor diameter d =45 mm | =50 mm
Fixing threaded bolt M 8 threaded bolt M 12
Fixing hole 9.5 mm 14 mm
Max. torque 4 Nm 10 Nm
Fuse make-and-break fuse make-and-break fuse
Cross section of connection 1.5 mm? 1.6 mm?

Washers and hex nuts for fixing are included in delivery.
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MKV Capacitors for Power Electronics

B 25832

DIN climatic category
(DIN 40040)

HSF/MS

Lower category temperature
Upper category temperature
Storage temperature range

Humidity category

Failure quota

Load duration

Dmln

0max

Dstg

“pQ

tap

Test data and maximum ratings

Peak voltage
Voltage rate of rise

Test voltage
Terminal to terminal

Terminal to case
Dissipation factor
Self discharge time constant

Up

du
ae/
UTEFIM/TERM
UTERM/CASE

tan o
Ris * C

H -25°C/+13°F
S +70°C/+158°F

-55°C to +70°C
-67 to + 158°F

F average relative humidity = 75%
95% for 30 days per year;
85% for the remaining days

M 1000 failures
per 10° component hours

S 30000h

1100 V
=10 V/us

900 V; 50 Hz; 2 s self-healing break-
downs may occur

=3%x10™*
=3x10™"
= 3000 s
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MKYV Capacitors for Power Electronics

B 25833-V

Rated voltage Uy

330 Vac DB

660 V ac DB

Rated capacitance

Ordering code

uF | Tolerance Dimensions d x | / dimensional drawing
15 _ B25833-V6155-A9
. 40 x 86/a
20 _ B25833-V6205-A9
. 40 x 86/a
25 _ B25833-V6255-A9
. 40 x 86/a
3.0 B25833-V4305-A9 B25833-V6305-A9
: 40 x 54/a 50 x 86/a
40 B25833-V4405-A9 B25833-V6405-A9
: 40 x 54/a 50 x 86/a
50 B25833-V4505-A9 B25833-V6505-A9
’ 40 x 86/a 50 x 86/a
6.0 B25833-V4605-A9 B25833-V6605-A9
: 40 x 86/a 55 x86/a
70 B25833-V4705-A9 B25833-V6705-A9
: 40 x 86/a 55 x86/a
8.0 B25833-VvV4805—-A9 B25833-V6805-A9
' 40 x 86/a 55 x 86/a
B25833-V4106-A9 B25833-V6106-A9
10 16%=A 40 x 86/a 60 x 86/a
12 B25833-V4126-A9 B25833-V6126-A9
50 x 86/a 60 x 86/a
15 B25833-V4156-A9 B25833-V6156-A9
50 x 86/a 79 x 95/b
18 B25833-V4186-A9 B25833-V6186-A9
55 x 86/a 79 x95/b
20 B25833-V4206-A9 B25833-V6206-A9
55 x 86/a 89 x 95/b
25 B25833-V4256-A9 _
60 x 86/a
30 B25833-V4306-A9 _
79 x95/b
35 B25833-V4356-A9 _
79 x95/b
40 B25833-V4406-A9 _
89 x95/b
45 B25833-V4456-A9 _
89 x 95/b
50 B25833-V4506-A9 _
89 x 95/b
60 B25833-V4606-A9 _
99 x 95/b
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MKYV Capacitors for Power Electronics B 25833-V

Service life test (long-term test)

The amount of the ac test voltage (50 Hz, 85°C, 1000 hrs) is determined by the test
voltage factor U, /Uy. In the table below, this factor is specified as a function of
the capacitance for both voltage groups:

Test voltage factor Uy =330V ac Uy = 660V ac
Uprﬁf/UN

1.50 < 6uF =1.5pF

1.41 > 6 pFto 12 uF > 1.5 uF to 3 pF
1.33 > 12 pF to 24 pF >3 uFto 6 pF
1.15 > 24 uF to 36 pF >6 pFto9 pF
1.10 > 36 uF >9 F

Failure criteria:

Capacitance decrease > 2% Dissipation factor >1073
Short circuit or cut-off Insulation resistance decrease > 50%
Leakage
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Damping Capacitors B 25834
Rated Voltage 320V 400V | 630V
Rated Dimensionsd x| (mm)
Capacitance Dimensional Drawing
Ordering Code
uF Tolerance B25834 B25834 B 25834
25x48
01 -J6104-M1
25x48
015 -J6154-M1  ©
0.22 +20% =M S PR
25x48
0.33 -J6334-M1 ©
25x48
0.47 -B6474-M1  ©
25x48 25x48
0.68 Jaega-mi © -B6684-M1 ©
] 25x48  _ 30x48
-B4105-K1 -B6105-K1
30x48 35x48
1.5 B4155K1 9 -B6155-k1  d
30x48 30%80
2.2 -B4225.K1 9 -B6225K1 4
35x48 35x80
33 -B4335-k1 9 -B6335-K1 4
30x80 40x 85
47 -B4475.K1 ¢ -B6475-K9 @
) 35x80 50x 85
68 -B4685-K1 9 -J6685-K9 2
40x 85 60x85
10 -J4106-K9  © J6106K9 2
_ 50x85 79%104
15 *10% =K -Ja156-k9  © -B6156-K7) P&e
64x104 89x104
22 -B4226-K*) P&e | peoogkr) b&e
60x85 79x 104 64x248
33 -J3336-K9 -B4336-k") P%° | .Be3ze-ka P
79x104 89x 104 79 x 248
47 -B3476-K4 -B4476-K") P&e | .Bea7eKa P
63 99x104 64x248 89x248
-B3688-K4 -B4686-K4 -B6686-K4
79x248 79% 248
100 -B3107-K4 -B4107-K4 P
79% 248 89x 248
150 -B3157-K4 -B4107-K4 P
99x 248
220 -B3227-K4
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Damping Capacitors

B 25834

1339

Flatplug
A95x1,2
E/ DIN46 244

I

I

| -4

16{]

M12

Toothed spring
— washer
J12,5DIN 6797

Hex nut
BM 12DIN 439

Dimensionsin mm

387



Damping Capacitors B 25835

Dimensional Drawing:

a. b.

Flat plug" Fiat plug"
A6.3x0.8 A6.3x0.8
DIN 46244 DIN 46244

£ g

w2 0
 S—— |  S——

@ M8 k- M8
t Rl Bag Washer t |- Washer
oD, A84DIN 125-Ms o ABA4DIN125-Ms

" Hexnut

" Hexnut
BM8DIN 433-Ms

BM8DIN439-Ms

33
+1
°
. I
12-+l=- ”can be used as solder tag ])can be used as soldertag
S2,5DIN 41496 S2,5DIN41496
Dimensionsinmm Dimensionsinmm
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MKP Capacitors — Motor Run
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MKP - Capacitors

| 7754

Design:

Self-healing tubular winding capacitor comprising a low loss plastic dielectric (Polypropylene) and

vacuum deposited metallized layer.

Case:

The windings are enclosed in tubular aluminum cases with epoxy resin seal.

Connections:

The connections joined to the metallized winding face ends ensure reliable contact. The types are
available with flat plug connections and cable connections.

Technical Data:

(in accordance with IEC 252)

Climatic Category 25/085/21

(in accordance with IEC 68-1) )
Operating limit temperature —25°C... +85°C
Maximum permissible voltage 1,1Ur

(in accordance with IEC 252)

Maximum permissible current 1,3Rr

Self discharge time constant

(insulation resistance x capacitance)

r=RC > 3000 MQx uF

Terminal/case

Operating Frequency 50...60Hz
Dissipation Factor (at 120 Hz) tgd<1x10-3
Testvoltage

Terminal/Terminal 2,0 Ur(2s at25°C)

(self healing breakdowns may occur)
2000V 10s
(short circuited terminals x case)

Life Test 500h at85°C
(inaccordance with IEC 252-24) 1,25 Ur
Voltage rate of rise

du

at max 10V/us

Note: Consider Ug (rated voltage) and /g (rated current) at 60 Hz.
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1 7754

Rated Capacitance Tolerance Rated Voltage at 50/60 Hz Volt
I % 370 440
Dimensions (@ x L) mm
4 45 x 55 45 x 55
5 45 x 55 45 x 55
6
7.5 45 x 62 45 x 74
8.5 45 x 62
10 45 x 69 45 x 92
12,5 45 x 82
15 45 x 92 45 x119
17.5 +10%* 45 x107
20 45 x119 45 x170
25 45 x129 53 x152
30 45 x170 53 x140
35 53 x129 63.5x129
40 53 x152 63.5x152
45 63.5x119 63.5x170
50 63.5x129 63.5x200
55 63.5x152 63.5x200
70 63.5x244
* = 6% Under Special Request.
Ordering Code:
Example: 10 pf 10% 440Vac -7754

Capacitance —I

Tolerance

Rated Voltage

Type Code
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| 7754

Dimensions: Single Capacitance +2

SIEMENS
MKP - 7754
15uF = 10%
440 WCA
50..... 80Hz
IND. BRASIL EIRA

L J

13.5 I

*Permissible
Tolerance

Dimensions in mm

Dimensions: Dual Capacitance

e— 263.5 —o
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RFI Capacitors
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RFI Suppression Capacitors B 81121-C-B

Y capacitors Rated voltage 250 Vac, 50 Hz

Self-healing capacitors comprising plastic film dielectric; enclosed in rectangular plastic
case, epoxy reasin sealed. (Plastic case and seal are flame retardant.) The case is
provided with spacers to improve solderability in the solder bath.

The capacitors have parallel leads in the lead spacing and are particularly suitable for
PC mounting.

11) b”

"'max

=3
o
[-~)
—{ 6.1

l‘—E:O,L——’-{ —

Dimensions in mm

i

Technical data

Test voltage

Voltage rate of rise (max.)
Continuous voltage test (type test)
Capacitance tolerance

Insulation

DIN climatic category

IEC climatic category
Specifications

1500 Vac, 2 sec (layer to layer)

200 V/ps

1000 h with 1.7 V,

+10%

= 30.000 MQ

GPF (-40...+85°C/-40...+185°F, humidity
category F)

40/85/21

As Y capacitors these capacitors comply with
VDE 0565-1

Test symbol applied for

®

0565-1

Types
Rated Dimensions Lead spacing | Approx. Ordering code
capacitance | bx hx/ e weight

mm mm g
2500 pF (Y) 7 x13 x18 15 2 B81121-C-B141
3300 pF (Y) 7 x13 x18 15 2 B81121-C-B142
4700 pF (Y) 9 x145x18 15 2.2 B81121-C-B143
6800 pF (Y) 7.3x16.5 x 27 225 4.4 B81121-C-B144
0.01 pF (Y) 7.3x16.5 x 27 225 4.4 B81121-C-B145
0.015 pF (Y) 8.5 x 18.5 x 27 225 5.2 B81121-C-B146
0.022 yF (Y) | 10.5x 19 x 27 22.5 7.5 B81121-C-B147
0.027 pF (Y) | 11 x 20.5 x 27 225 8.5 B81121-C-B148
0.033 pF (Y) | 11.5x 21 x 32 27.5 10 B81121-C-B149

The information describes the type of component
and shallnot be considerzd as assured characteristics.
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RFI Suppression Capacitors B 81121-C

X2 capacitors Rated voltage 300 Vac

Self-healing, flat capacitor winding comprising polyester dielectric, enclosed in
rectangular plastic case with epoxy resin seal. (The plastic case and the eopoxy resin
are flame-retardant). The case is provided with spacers to improve solderability in
the solder bath.

The capacitors have parallel leads in the lead spacing. Version B is particularly suitable
for PC mounting.

Version B Version C

11)

h N ——f

i——e :O,I.——-l

max. S
Dimensions in mm m\sbo,e tinned
imax.

Technical data

Permissible dc voltage 800 V dc

Test voltage 1300 V dc, 2 sec (layer to layer)

Permissible voltage peaks (max.) 1200 V

Voltage rate of rise (max.) 100 V/ps

Continuous voltage test (type test) Para. 5.4.18 from VDE 0565, part 1

Capacitance tolerance +20%

Insulation = 10.000 sec for C= 0.33 pF
= 30.000 MQ for C =0.33 pF

DIN climatic category GPF (-40 to +85°C/-40 to +185°F; humidity
category F)

IEC climatic category 40/085/21

Specifications As X2 capacitors these capacitors comply with

IEC 384-14 and VDE 0565-1

Test symbol applied for @

565-1
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RFI Suppression Capacitors

B 81121-C

X2 capacitors

Rated voltage 250 Vac, 50...400 Hz

Self-healing flat capacitor winding comprising polypropylene dielectric, enclosed in
rectangular plastic case with epoxy resin seal. (The plastic case and the epoxy resin
are flame-retardant.) The case is provided with spacers to improve solderability in the

solder bath.

The capacitors have parallel leads in the lead spacing. Version B is particularly suitable

for PC mounting.
Version B

11)

i———e:o,:.——-l

"max.

Dimensions in mm

Technical data

Permissible dc voltage

Test voltage

Permissible voltage peaks (max.)
Voltage rate of rise (max.)
Continuous voltage test (type test)
Capacitance tolerance

Insulation

DIN climatic category

IEC climatic category
Specifications

Test symbol applied for

Version C

11) b”

)
p——

2622

m\eao,a tinned

max.

630 Vdc

1200 V dc, 2 sec (layer to layer)
1200 V

100 V/pus

Para. 5.4.18 from VDE 0565 part 1
+10%

= 10,000 sec for C = 0.33 pF
= 30,000 MQ for C = 0.33 pF

GPF (—40 to +85°C/-40 to +185°F; humidity
category F)

40/085/21

As X2 capacitors these capacitors comply with
IEC 384-14 and VDE 0565-1.

565-1
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EMI Suppression Chokes B 82722-G2

Current-compensated ring core double chokes Rated voltage 250 V ac
Rated current 0.3ta2 A
Ring core chokes with ferrite core, sealed in a plastic can.
The chokes are provided with terminal pins in the lead spacing and are particularly suitable for PC
board mounting.
Case and sealing are flame retardant in accordance to UL 94-VO

I ]
1

@
=}
[S)

[«

4—1—‘ [e—— 13 ——o~|

20+0.2 {
s 22—

12.5+0.2

Dimensions in mm L 22
Technical data
Testvoltage 1500 Vac, 2 sec (winding to winding)
Rated current referred to 50 Hz and + 60°C/140°F room temperature
Approx. weight 10g
Testsymbol _
565-2

For further details refer to “Technical data on current-compensated ring core chokes”.

Types
Rated current Rated inductance DC resistance per winding Ordering code
perwinding perwinding (typical value)
A mH mQ

0.3 47 2100 B82722-G2-A3
0.35 27 1700 B82722-G2-C31
0.5 18 1500 B82722-G2-A5
1 5.6 700 B82722-G2-A8
2 2.2 180 B82722-G2-A10
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EMI Suppression Chokes B 82723-G2

Current-compensated ring core double chokes Rated voltage 250 Vac
Rated current 0.5 to 4A

Chokes sealed in plastic can with terminal pins in the lead spacing. Can and sealing are flame-
retardant in accordance with UL 94 V-O.

9 T
S _
% =] - <
I 0w 3
= - - 85
) s
da 7 J J
4.1I-— 33,93 —® 15204
Dimensions in mm 18,03  |jeg—o

Technical data

Testvoltage 1500 Vac, 2s, (winding to winding)

Rated current referred to 50 Hz and + 60°/140°F room temperature

Approx. weight 25¢g

Testsymbol

565-2
Types
Rated current Rated inductance DC resistance per winding Ordering code
perwinding perwinding (typical value)
A mH mQ

0.5 27 1800 B82723-G2-B5*
0.5 39 2000 B82723-G2-A5*
0.65 39 1400 B82723-G2-A6*
0.8 22 1170 B82723-G2-B7
1 12 700 B82723-G2-B8*
1 18 600 B82723-G2-A8*
1.4 27 500 B82723-G2-C82
1.6 10 400 B82723-G2-B9*
2 6.8 200 B82723-G2-B10*
25 5.6 160 B82723-G2-B11*
4 3.3 90 B82723-G2-B12*

*Marked types additionally have the Al symbol (Guide Foky 2)
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EMI Suppression Chokes B 82723-G4
Current-compensated ring core double chokes Rated voltage 250 Vac
Rated current 0.5 to 4A

Chokes sealed in a plastic can with terminal pins in the lead spacing. Can and sealing are flame-
retardant in accordance with UL 94 V-O. A metal can, which can be grounded, is used for shielding.

Interference from the short-range magnetic field throughout the frequency range between 20 kHz and
300 kHz has been lowered by 30 dB.

Neutral

——

_—J 12.5=0.4 7.5%02

h—1 504 —pnf

20
Dimension in mm

Technical data
Testvoltage 1500V, 2s, (winding to winding)
2500V, 2s, (winding to case)
Rated current referred to 50 Hz and + 40°C/104°F room temperature
Approx. weight 509

For further details refer to “Technical data on current-compensated ring core chokes”.

Types
Rated current Rated inductance DC resistance per winding Ordering code
perwinding perwinding (typical value)
A mH mQ

0.5 39 2000 B82723-G4-A5
0.5 27 1800 B82723-G4-B5
1 12 850 B82723-G4-B8
1.6 10 450 B82723-G4-B9
2 6.8 200 B82723-G4-B10
4 3.3 90 B82723-G4-B12
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EMI Suppression Chokes

B 82723-G5

Impedance Z versus frequency
(measured with windings connected in parallel)

kQ

1000

Z 100|_B6 /\1\
A5

1 -ASQ

-A10
10

0.1

10 100kHz 1 10MHz
—p f
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EMi Suppression Chokes B 82724-G2

Rated voltage 250 Vac
Rated current 1 to 10A

Current-compensated ring core double chokes

Ring core chokes with ferrite core, sealed in a plastic can. Can and sealing are flame-retardant in
accordance with UL 94 V-O.

The chokes are provided with terminal pins, arranged in the lead spacing. They are particularly suit-
able for PC board mounting.

—] 10 |e— 26 —8»| f@—6-1
41 0.5 2
— r._ _..1 <
1
N
®

Tt —

+0.2
|

25

fe—— 042 ——— =

15202 [

Dimensions in mm

Technical data

Testvoltage 1500 Vac, 2s, (winding to winding)

Rated current referred to 50 Hz and + 60°C/140°F room temperature
Approx. weight 80g
Test symbol N (guide foky 2)

For further details refer to “Technical data on current-compensated ring core chokes”.

Types
Rated current Rated inductance DC resistance per winding Ordering code
perwinding per winding (typical value) PU:250
A mH mQ
1 33 1000 B82724-G2-A8
1.6 27 560 B82724-G2-A9
2 15 400 B82724-G2-A10
4 6.8 120 B82724-G2-A12
6 3.9 55 B82724-G2-A13
10 1.8 25 B82724-G2-A14
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RF Chokes B78108
B78148

MCC chokes (mini cylinder core) and BC chokes (bobbin core) are required for low frequency and
high frequency decoupling purposes in signal and control circuits, for the filtering of supply voltages,
for use in filter circuits, etc.

Their wide field of application covers electronically controlled household appliances, devices of enter-
tainment electronics, trip computers in vehicles, as well as devices of professional engineering.

Axial, radial, and low-profile choke versions are available to meet these applications. As taped ver-
sions they are designed for automatic assembly machines.
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RF Chokes B78108-T

B78148-T
MCC-Chokes
Induct-|Toler-| Quality at Rated DC- Resonant Ordering
ance |ance | Measuring Current Resistance | Frequency No.
L Frequency In Rmax fmin.
pH % | Qmin MHz mA Q MHz
0.10 40 25.2 1100 0.11 600 B781*8-T3101-x
0.12 40 25.2 1000 0.12 570 B781*8-T3121-x
0.15 | =10 38 25.2 1020 0.13 500 B781*8-T3151-x
0.18 | & 35 25.2 1000 0.14 460 B781*8-T3181-x
0.22 35 25.2 990 0.16 420 B781*8-T3221-x
0.27 35 25.2 910 0.17 380 B781*8-T3271-x
0.33 35 25.2 830 0.20 330 B781*8-T3331-x
0.39 | =20 35 25.2 790 0.22 300 B781*8-T3391-x
047 | &M | 35 252 750 0.25 280 B781*8-T3471-x
0.56 35 252 700 0.28 260 B781*8-T3561-x
0.68 .35 252 530 0.48 240 B781*8-T3681-x
0.82 35 25.2 500 0.55 230 B781*8-T3821-x
1.0 35 25.2 630 0.25 180 B781*8-T1102-K
12 610 0.25 170 B781*8-T1122-K
15 570 0.30 150 B781*8-T1152-K
1.8 40 540 0.30 130 B781*8-T1182-K
2.2 520 0.35 120 B781*8-T1222-K
2.7 | =10 480 0.40 110 B781*8-T1272-K
3.3 2 45 7.96 420 0.50 110 B781*8-T1332-K
3.9 400 0.55 100 B781*8-T1392-K
47 380 0.65 90 B781*8-T1472-K
5.6 260 1.30 75 B781*8-T1562-K
6.8 50 250 1.45 70 B781*8-T1682-K
8.2 240 1.60 65 B781*8-T1822-K
10 230 1.70 60 B781*8-T1103-x
12 55 190 24 50 B781*8-T1123-x
15 185 2.7 45 B781*8-T1153-x
18 =10 175 29 40 B781*8-T1183-x
22 £ 170 3.2 30 B781*8-T1223-x
27 160 3.6 27 B781*8-T1273-x
33 2.52 150 4.1 24 B781*8-T1333-x
39 140 45 22 B781*8-T1393-x
47 +5 60 100 8.5 20 B781*8-T1473-x
56 & 100 8.8 18 B781*8-T1563-x
68 95 10.0 15 B781*8-T1683-x
82 90 11.5 14 B781*8-T1823-x
100 85 125 11 B781*8-T1104-x

*Insert appropriate number: 0 or U for type
0 = taped axial
4 = taped radial

x - Insert appropriate letter for tolerance: K= = 10%
M=+ 20%
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RF Chokes B78108-S

B78148-S
BC-Chokes
Induct-{Toler-{ Quality at Rated DC- Resonant Ordering
ance |ance | Measuring Current Resistance | Frequency No.
L Frequency In Rmax fmin.
pH % Qmin | MHz mA Q MHz
1 1200 0.16 205 B781*8-S1102-K
1.2 1150 0.18 185 B781*8-S1122-K
1.5 55 1100 0.20 165 B781*8-S1152-K
1.8 1030 0.22 155 B781*8-5S1182-K
2.2 1000 0.25 140 B781*8-S1222-K
2.7 |=10% 7.96 940 0.26 125 B781*8-S1272-K
3.3 900 0.29 115 B781*8-S1332-K
39| =& 60 850 0.31 105 B781*8-S1392-K
4.7 820 0.34 95 B781*8-S1472-K
5.6 780 0.38 85 B781*8-S1562-K
6.8 670 0.51 75 B781*8-S1682-K
8.2 65 690 0.48 50 B781*8-S1812-K
10 680 0.49 35 B781*8-S1103-x
12 (£10%| 70 650 0.55 30 B781*8-S1123-x
15 = 610 0.60 20 B781*8-S1153-x
18 60 580 0.67 17 B781*8-S1183-x
22 560 0.74 13 B781*8-S1123-x
27 *5%| 55 2.52 530 0.83 10 B781*8-S1273-x
33 £ 500 0.92 9 B781*8-S1333-x
39 50 470 1.02 8 B781*8-S1393-x
47 45 450 1.10 7.5 B781*8-S1473-J
56 430 1.23 7.0 B781*8-S1563-J
68 40 410 1.35 6.5 B781*8-S1683-J
82 35 390 1.54 6.0 B781*8-S1823-J
100 370 17 5.0 B781*8-S1104-J
120 300 2.4 4.5 B781*8-S1124-J
150 280 2.8 4.2 B781*8-S1154-J
180 270 3.0 3.9 B781*8-S1184-J
220 70 250 3.3 37 B781*8-S1224-J
270 200 ‘ 57 2.8 B781*8-S1274-J
330 0.796 190 6.4 2.7 B781*8-S1334-J
390 *+5% 180 7.0 2.4 B781*8-S1394-J
470 £ 170 7.9 2.2 B781*8-S1474-J
580 60 160 8.8 2.0 B781*8-S1564-J
680 55 150 10.0 1.9 B781*8-S1684-J
820 140 12.0 1.6 B781*8-S1824-J
1000 130 14.0 1.6 B781*8-S1105-J
1200 50 115 16.9 1.3 B781*8-S1125-J
1500 100 21.6 1.25 B781*8-S1155-J
1800 95 24.0 1.20 B781*8-S1185-J
2200 80 34.7 1.10 B781*8-S1225-J
2700 0.252 75 40.0 1.00 B781*8-S1275-J
3300 40 62 59.5 0.90 B781*8-S1335-J
3900 59 66.0 0.80 B781*8-S1395-J
4700 35 55 74.0 0.70 B781*8-S1475-J
*Insert appropriate number: 0 or U for type x - Insert appropriate letter for tolerance: 10%

K
0 = taped axial M
4 = taped radial
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RFI Line Filters
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Power Line Filters for Single-Phase Systems

SIFI standard filter series

Application

Construction

Terminals

Design and symbols

Rated current

Discharge resistors

Four filter series for the solution of EMC problems and for EMI suppression
are offered with the new standard filters SIFIB 84 111-Ato B 84 114-D. Thus
an economic wiring —depending on the required attenuation effect—has
been enabled.

Filters with one choke

SIFIAB84111-A*10to * 120

normal attenuation, for rated currents upto 20 A

SIFIBB84112-B* 10t0 * 120

enhanced attenuation, for rated currents upto 20 A
SIFIDB84114-D*10to* 110

high attenuation compared to SIFI B, for rated currentsupto 10 A

Filter with two chokes

SIFICB84113-C*30to* 110

very high attenuation

The components are enclosed in a shielding aluminum case provided with
mounting strips and sealed in a self-hardening epoxy resin.

Version A and B: flat plugs on both sides 6.3 mm x 0.8 mm (DIN 46244),
inserted ininsulating lead-throughs.

Version K: Thermosetting plug on the line side in accordance with IEC
320/C14 flat plug on the plug side 6.3 mm x 0.8 mm, DIN 46244.

Every case is provided with aflat plug 6.3 mm x 0.8 mm, DIN 46244 as
safety connector.

The filters are designed such that they meet the requirements in accordance
with VDE 0565T3, UL, CSA, SEV, Semko, Nemko and Demko. The filter
series are applied for the corresponding test symbols.

The rated current intensity applies to 115 Vac, 50/60 Hz as well as to 250 Vac,
50/60 Hz, i.e. a current reduction in case of application at 250 Vac is not
necessary.

As the VDE specification 0565T3 is limited to filters up to arated current

of 16 A, the VDE test symbol for both the 20 Afilters appliesupto 16 A.

The discharge resistors are designed in accordance with VDE 0730, i.e. one
second after disconnection between device and line, the voltage at the line
plug must have droppedto 34 V. The requirements of this VDE specification
are the same as those of the corresponding IEC specificaitons (IEC 355 for
household appliances, IEC 380 for office machines, and IEC 435 for data
processing systems.)
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Office machines
Household appliances

DP equipment
wP systems

Electric toals
Optical devices
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v

v

with secondary switched-

with primary switched-
mode power supplies

with transistor or
thyristor circuit

Interference with linear with commutator
suppression | power supplies motors mode power supplies
v l l
) / [-) \
Increasing sifi g Sifi
attenuation A B Bk
~e~
Interference | Normal requirements High requirements
immunity f> MHz 0.1...100 MHz

I
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1 |
Limit values class A Limit values class B
(VDE 0871) (VDE 0871)
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L Very high requirements
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Power Line Filters for Single-Phase Systems B84111

Standard SIFl filter series

Version A Version B

fe— 45
l‘ZGAS—j—.I
}
4 @ @@W . 2122.3
P 1
Flat plug
A6.3x0.8 DIN 46244

04.7 |
| 76.5

60.4 —
70 ———=

B 84 111-A-A10
B 84 111-A-A20 B 84 111-A-B60

B 84 111-A-A30 B84 111-A-B110

la— 45
‘26.5—’_1']

e @7 '
] H © 28.6
210_ ' B =}
= 1
Flat plug

A 6.3x0.8DIN 46244

04.7
| 76.5

b — — — )50
M

e——— 60.4 — o

B 84 111-A-A60 B84 111-A-B60
B84 111-A-A110 B84 111-A-B110 Dimensions in mm
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Power Line Filters for Single-Phase Systems B84111

Standard SIFl filter series

Version K

Flat plug
) A 6.3x0.8DIN 46244

Dimensions in mm

B84 111-A-K10
B84 111-A-K30
B 84 111-A-K60
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Power Line Filters for Single-Phase Systems

B84112

Standard SIFil filter series
SIFI B, enhanced attenuation

Circuit diagram

T - 1
- T

@J‘i‘ [] = = toad
| T |

Technical data
Rated voltage UR
Rated current
Testvoltage

Leakage current
DIN climatic category

Test symbols

Test symbols

115/220V ac, 50/60 Hz
referred to 40°C/104°F ambient temperature

1414V dc; 2 s; conductor to conductor

2700V dc; 2 s; conductor to ground
<0.5mA at250V ac/50 Hz
HPF (—25to +85°C/— 13 to + 185°F humidity category F)

A @ (Guide FOKY 2)

565-3

Rated voltage 250 Vac
Rated currentup to 20 A

CSA, SEMKO, DEMKO, NEMKO applied for
Discharging resistor in accordance with VDE 0730, IEC 355, |IEC 380, and IEC 435

Rated Version A" VersionB VersionK
current | Orderingcode | Approx. | Orderingcode | Approx. | Orderingcode | Approx.

A PU:20 weight(g) PU: 20 weight (g) PU:20 weight(g)
1 B84 112-B-A10 110 [B84112-B-B10 110 B84112-B-K10 140
2 B 84 112-B-A20 110 [B84112-B-B20 110 - -
3 B 84 112-B-A30 140 B84112-B-B30 140 B 84112-B-K30 210
6 B 84 112-B-A60 150 |B84112-B-B60 150 B84 112-B-K60 210

10 B 84112-B-A110 200 B84112-B-B110 200 - -

202 |(B84112-B-A120 340 |B84112-B-B120 340 - —

2UDE approval in accordance to VDE 0565 IT3 only for 16A.
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Power Line Filters for Single-Phase Systems

B84112

Standard SIFI filter series
Version A

50.8 —
I-T-m 5 -|

(A
—® ©
(D)

.
v L
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|

63.5 !
89.5 !
]

1

[

B 84 112-B-A110

315+

Flat plug
ﬁA 6.3 x 0.8 DIN 46244

j&— 84 ————

/94.7

Dimensions in mm
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