CAPACITORS

1. The purpose of the paperKnowledge of theharacteristiparameters of theonstructivestructure of
various types of gaacitors through hole and surface mount; performsjpecific measurements.

2. Theoretical background:

The capaitor is apassive electronic componenith a capacity impedance up a certain frequencyCapacity,
the main characteristic of the capaciterthe ratio between tleharge that accumaties betwaethe conductive plates
and the potential differenaghich arises between the twabates Regarding the structugecapacitor is composed of a
dielectricmedium (insulating) placed between taonductive platesThe capacity of a capacitor sithe expression
(see Fig. 1):

[e]

| &

W /4

]
L J ! -xe:Ye)

@

Figl. Plane capacitar

where- g is the abshute vacuumpermittivity, e, = 8.854 10*? Fim
- & is the Elative dielectric permittivity
-A = &realf the plate

Note The conductive elements aspecificto electronis, both for the realization ofthe interconnection
between theomponents and the structure of any electronic componddsyveen any two aaluctive elements
(routes conductors, terminals, etdhere are parasitic (unwanted) capacitidsch affect moe or lesshe proper
functioningof thecircuit components.In this sense we can s#hyat a capacitor is a passive electronic component
made to obtain a capacity concentrated in a small a space.

Regarding the structure there dired and variable capacitoradjustable andemiadijustable.

Depending on the dielectric therettie following classification:

Capacitors:
- with solid-dielectric
- inorganic: glass, mica, ceramic (type | or Il)
- organic: paper, plastic film
- with metal oxide dielectricelectrolytic capacitorwith Al (Elco) and Ta (Elta)
- with gasdielectric(air, gas)
- with liquid dielectric(oil)

Takinginto accounthe constructivaspectwe canlist some types of capacitors:
- plane
- rectangular
- pipe
- cylindrical, etc.

2.1. Parametersof the capacitors
The main parameters tife capacitors are listed below:

Rated capacity G [F], is the amount of capatyi which is expectedlo be obtained in the manufacturing
process and is generally marked on the body o€#ipacitor Theratedvalues are contained in the series of values
For high values, these can be manufactotddide seriesa§ is in the case efectrolytic capacitors).

Tolerance t[%], is the maximunrelative deviation fronthe real value of theapacitob s capaci ty t o
value. Like in the case tifie resistors, the seriesratedvalues are related to capactiowlerance.For example the
value of 27@F can belong to theeries E12 and E24, see Appendi¥ 8t tolerancs of 1%, in the E96 series there
i sno6t thhtingeadvitdds @@, However, especially fdBMD componentsthecapacitors are manufactured
with low tolerances andith ratedv al ues of t he 0 hi. lypleléctroftie capaeiors &6 in sold 2 , E2
type Il ceramic capacitors nesymmetricakolerances are usually specifiéelg: -20%, 80%).



Rated voltage Uy [V], is the maximum continuous voltage the highesteffective value ofthe AC
voltage which can be applied durilfC operationat the terminals of theapacitor It depends on the dielectric
strengh andon theconstructive characteristics of thapacitor

Loss ande tangent tgi O is defined as the ratio of active power and reactive power dissipated by the
capacitor In short,it expressethelosses inthe capacitor. When using the equivalent cir¢wf the capacitorfrom
Fig. 2, the losgangenthas the expression:
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The temperature coefficient [K 7] is defined by the relation:
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If there is dinear variation othecapacity with temperaturéhe formula(4) can be used:
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where:
C 51 the value of theapacity athe reference temperaturgsT 2 G) A
C - value of capacity at a temperature T (wtgkperature

Insulation resistance R, [W is defined as the ratio of continuous voltag®lied to a capacitor and the
current that rus throughthe capacitor, one minute after applying the volt&ehas he following commornvalues
(100Mq 7 1 0 0 G gwith the observation that R;, depends on the conditions of measurementedusof insulation
resistanceahe catalog can give some other paramet€is. some capacitolis is given the insulation time constant
t, = R, GCy[s], and for elecblytic capacitorst is given the leak current+ Uy / R,

Working temperature range (T min - T may [ @, is defined as the temperature range in which the
capacitor can operate for a long time. This range depends mainly on the nature of the dielectric,obuttfadso
materials usedtmakethe capacitor

Parasitic elements L, R
Any capacitorhas paasitic elements of inductive tymnd resistive elements thd¢pend on the structuemdthe
materials used. The following equivalent cirajiiplies to a large class of capacitors:
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Fig. 3 Equivalentcircuit of thereal capacitor.

The meaning dofhe elements in Figure 3és follows:
- rs resistancef theplates and terminals
- L inductanceof theplates and terminals
- Rp resistancef loses indielectric
-R;,; insulation restance

Thediagram in Figure & is equivalent to a series circ@ifigure 3b) where Rs and Gs arethe values
given bytheformulas (5):
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This modelgives us an insight into the behavior of tepacitorin the frequency rangelt can benoted that,
working at different frequenciesguivalent capacit€gs varies It is possible that, beyond the resonance pulsation
for the capacitive natunsill be transforning into aninductivebehaviour (negative capadity

2.2 Theconstructive structure of capacitors
General structure of theapacitorss given in Figure 4
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Fig. 4 Theconstructivestructure oftapacitors

Regarding the placement thife terminalghereare two main classes of components with axial terminals,
that are placed along the ax@dradial placed practically othe same side of tHeotprint d the componentase

Next is presented the structdoe several types of capacitdigoughdrawings

2.2.1 Sngle-layer ceramic capacitor (disk or wafer)
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Fig. 5 Single-layer ceramic capacitor(a) disk, (b) a flat capacitor.

2.2.2 Multilayer Ceramic Capacitors

Keramik-Dielektrikum
Ceramic dielectric

Metalibelage Kontaktierung (AgPd)
Metal layers Termination

b it

KKEQ167-N KKED149-Q KKEO151-2

a)



Fig. 6 Multilayer ceramic capacitor: a) SMD tedaiogy, b) through hole

2.23 Capacitors with aluminurand plastic film (the most common types aith polystyrene under the
trading name stiroflex andhe paper capacitojs In this type of capacitotwo dielectric films and twofoils of
aluminumare sed in ordeto achieve the circular coil.

Dielectric
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Aluminum foil

= (plates)
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Fig. 7 Capacitor with aluminum foil

Due topossibletechnical options for making theontactto the plates, they usuallyare connectd in a
singleplace. This factleads to the current moving from the contact point alondoihewhichhas a vnding shape,
thus generatingnagnetic fluxes and hence a high parasitic inductaBgemaking the contacts iseveral areathe
inductancecan significantlybereducel.

2.2.4 Metallized film capacitors. The most common types are polyester mrore precisely the
polyethylene terephthalateinder the trading namaf mylar or PETin short. Another very common type ithe
capacitor with metallized polyethyleneThe two have generic names MKT, MKP respectivdiplike film
capacitor at this type of capacitorin orderto makethe coil only two mealfoils are usedvith a thin layer of
aluminum deposited by vacuum evaporation proceddeace, dbw parasitic inductanceare obtaineddue to
constuctive method ahaking thecontact with metallizatiorat the ends. Before metdization thecoil canbe

presed resulting in a form that can beapkd in a rectangular packagemay be molddin the same foriat
Dielectric foil
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Fig. 8 Capacitorwith metallized foils (nornductive)



2.2.5 Hectrolytic capacitos

Electrolytic capacitors are a special ¢ptey in thecapacitorsarea because their operation is bagedtially on
electrochemical processes, which riegsl knowledge of how to makbem.Being polarized, the positive terminal
will be called the anode anthe negativecathode. The most common types are aluminum oxidéntalum

pentoxide andecently niobium pentoxide
dielectric
A1303

Aluminum cathodic
— foil

CATHODE ==

Anodic
terminal

Paper infiltrated
with electrolyte

() (b)
Fig. 9 Aluminum electrolytic capacitors
a) principle ofdesign, b) structurgec) detail

1 - anode plate;

2-TaOs film
(dielectric);

3 - MnG;, ( electrolyte);

4 - graphite;

5 - silver;

6 - epoxy resin;

7 - anode terminal;

8 - cathode terminal.
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Fig. 10Constructive structuref electrolytic tantalum capacitors,
with solid electrolytedrop type

The cathodeplateis represented by an electrolyte,igihallows contact witta very thin oxide layer, but
doesndét have a very | ow r.eHencs theaparanes ovdlectolitic camacitorglte be nec
significantly lower tharthe ones foother types of capacitorddowever due to high levels dhe capacity that can
be obtainedvith an electrolytic capacitor theyre now indispensable in electronics.

Electrolytic capacitorsvith niobium have he same performanas with tantalumand were developd
specially to avoid breakintiie capacitors in case of short cirsuithe ones from AVXcompanyareorangewhich
makes them easily distinguishable from those tdtttalum.

2.3. Marking capacitors

Inscribingrectangular SMOchip) capacitors and tantaluoapacitors

For their encodindjke SMD resistorsit is widely used theanventioral markingusing a thousandth of an
inch, aunit called mil 1 mil = 11000 inch. One inch equals 25.4 mnit is customary to approximate 40 misl
mm, which means that changiimgmils from millimetersis achievedby multiplying by 40. For example 3mm =
120mils., 0.5 mm = 20 mils, etc.
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Fig. 11 Dimensions of aectangulalSMD chiptype capacitor

For example, the capacitor whasedeis 1206 according to the@boveconvention hasabout 120mils on
thelarger side L = 3mm and/ 60 mils = 1.5 mnon the small sideThe other dimension$i and T) are defined in
datasheet

Inscription of theSMD electrolytic capacitorsvith (penta)tantalum oxideand (penta) niobium oxide,
calledin shorttantalum and niobium capacitpis achieved irthe metricsystem On the laboratory boarthereare
only two consructive variants: 6032type C footprint) and 7343type D footprint). Thesefootprints havethe
dimensions 6.0 mm x 3.2 mm and 7.3 mi, 38 mm respectively.

Ceramic capacitors

Note: There are two majorategories commonly used in the manufacture of ceramic dieleafracitors:
ceramic dielectriof type | and type Il.Speaking about classificatiorgrae manufacturerareconsideing atype Il
of ceramic dielectrica type that wearenot considang here Thedielectric properties resulted frotheir chemical
nature are given in Table In Table 2 are given@ne specific applicatiorfer singlelayer ceramic capacitors.

Table 1Parameters faype | and type Iteramic capacitors

Parameter Type | ceramic dielectric Type Il ceramic dielectric
er 60 E 120 2000E 10000
Temperature coefficient -1500,-750 E +100, nonlinear variation,

deviationN 250 p p m/ Al undefinedcoefficient,but
ON 30 ppm/ AC ( N| withinthe limits imposed
for thegiventemperature

range
tg d (typical) 15 1410 10-3- 102
composition TiO, mixed in different solid solution of BaTi@
proportions withAgCQO;, (barium titanate) plus
BaCQ, Cak, CaCQ, ZrO, SrTiO;, CaTiq, etc.
talc,clay, etc.
frequency range high frequency (oscillators, dc.  decoupling, high
amplifiers, pulse circuits) frequency
Table 2 Typical applications for ceramic capacitors type | and type I
Capacitortype Range Applications
of
values
Type | ceramic 0,8 pF, industrial and professional electronics highgfrency,
capacitors 1nF especially in resonamind pulsesircuitswhere the stability

of the capacity with respect to temperature and the quality
factor are essential

Typell ceramic 33 p FE | coupling and decoupling circuits, filters in

capacitors 220nF telecommunicatiom and industrial equipment, high

voltage circuits, which can accept a considerable variation
with temperature andherelosses are not essential.

Encodingof type | ceramic dielectricsis made after severatandards.The coding is simple, for example

N750 means negative temperature cofit of variation of-750 ppm /C. The most stable type deramicis
symbolizedas COG or NPOwith a null temperature coefficient (TCC) andith atemperature deviatioonf N 3 0

ppm/C.



For type Il ceramic capacitorsalphanumeric codese used
Accordingto EIA - Standard RS198B, @desuchasL;CL; is used:
- L4, the first letter, signifies the lower limit of tempature, using the code: Z =10, Y =-30C, X =-

55 C;

- C, figure, signifies the upper limit of temperature, using the code:65 C, 5 = 85C, 6 = 105C, 7 =

125¢C, 8 =150C

- L , the second letter,expresseshe maximumcapacitydeviaion with temperature, irpercentage

againsthecapacity at 25C, and thecodeis: A=°1,B=°1.5,C=°2.2D=°3.3,E=°4.7,F=°7.5,P=

°10,R=°15,S=°22,T=+22 }33,U =+22 /-56,V =+22 /-82.

For example, a capacitor typ&R,has a maximuneapacitydeviation with temperaturef ° 15% | in the
temperatureange {55, 125].1"C. Other variantsZ5U, Y5V, X8R.

The parametersof capacitorsstudied in the laboratory

Firstly, the identification ofthe capacitormust be doneFor the laboratory board, reference numbers for
thecomponentare usedC1, CC3, CCD1, CPP1, etBased a the tablavith themanufacturéd s c o d e,

KEPFO015 for a ceramic dismpacitor CCD,lonecan move b to studythe datahees. Useful information igjiven
by the presence of marking tme body of theapacitor It should be noteétom the very beginninthat the method

for e X

of marking is specific to each type of capacitor drisl mandatoryo check the catalog sheets of those compaent
However, a few ruleare respectk such aghe color code marking rulebjantissa+ exponent code, codelA96,
clearly writingthe capacity,ratedvoltage and tolerancelhe encodindlantissa+ exporent applied to the capacitor

usuallyhasonly 3 significant figures as high accuraisymore difficut to obtain than with resistarsThe rule
ustally applies to values abod®0 pF. The first digts (Mantissg arethesignificant numbers dheratedvalue and
the last digit the exponent) is the power of 10 to express thwant, or in shorthe multiplier. Examples of

marking, 102, 472, 224. Thatedvalues ar@ccording tachea f or e ment i on%=d 1rnuF,e* =472 0 11010

nF, 2 %= 230nF]1 Dow capacityvaluesaremarkedprecisely However oneshould investigat¢he marking

from the manufacturer.

On the body of a capacitonly some of the parameters that characteriaesitinscribedysuallythe rated

capacity,the tolerance, and sometim#se ratedvoltage. For the temperature coefficietitere used to be various

encodings in the color code.

Rated capacity is usually narked on the body of theapacitor If the value is expressed with precission,
insteadof the floating point thenultiplier order is witten: p(pico) and (mano). For example 2n2 is 2.2 nF.
Tolerance can beclearly marled or aliteral @de can be usedswith the resistors, code presented in

Table 3.

Table 3 Literal code for marking the tolerance of the capacitors

Tolerance [%] [NO ,

NO,

NO |,

N O

N1

N 2

N 2

IN5

N1

N1

N 2

Literal code W

B

C

D

[~

G

H

J

K

L

M

1 Ceramic capacitors typically have lower values anel marked usulgl in picofarads for the monolayer
structure For type Il and for the multilayarapacitors nanofarads could also be marked.

1 Metallized foil capacitors, MR type or Mylar (polyethylene terephthalate) and polypropglddKP

typically have high values antleratedvaluecan be marked inf.

1 Electrolytic capacitos having very high valesare marked with theratedvalue in nf. Also the rated
voltage and terminal polarities (+) of) @re inscribed Example: 25/16 means C =r#5, U = 16V. The

maximum temperatur@roductiondate as well as otheertain details of theesies, such as "Low ESR" i.e.
low seriesresistanceould appear,db.

3. Work procedure

3.1 Table 5 in Annex 2as to be filled out For the types ofcapacitors shown in Figure 1@etermine the
parameters marked and other parameters characterizing these capf@otgtsthe help of the datheet. All data,

both measured and determined goes irtdbkewith the formatgiven in Annex 2.

Procedure:

a) Identify the capacitors after the cagieen in Table 4, Annex 1.The code allows in most cases the

unequivocal identification afatedvalue and tolerance as well as other specific parameters.

b) Identify theratedvalue and tolerance, and where appropiia¢eated voltage aftethe marking,which

haspriority overthe code. Any differences that arise between the code and marking may be causedlaging

of an equivalent capacitor on board.

¢) Studyother methods of markingpf exampleéhe Mantissa+ superscriptode

[



d) Sudy the datahees in order to fill intable 5.In order to checkas many types of capacitorat the
beginningone capacitor in each categevil be studied andhenthelist will be completed for thether items.
Laboratory boards shown in Figure 12.
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Fig. 12Representation of the board for the study of capesc

Capacitors were divided into thrgeoups:

1 Ceramic capacitors: multilayer ceramic capacitor SMD type | (NPO) -C8, type Il SMD Multilayer
Ceramic Capacitor (X7R and Z5U) CLICH6, type | radial multilayer ceramic capacitor CM1, CM2, type
Il radial multilayer ceramic capacitor, CM3, CM#jpe | ceramicdisc capacitor CCD1 CCD2, type I
ceramicdisccapacitor CCD3 CCD4, tgpl wafer ceramic capacitoEPL1, wafer type llceramic capacitor
CPL2.

1  Foil Capacitors: polystyrene axial capacitd€PS1, CPS2metallizedpolyesterradid capacitorCPTL
CPT2 metallizedpolyesteraxial capacitorCPT3CPT4, SMD metallized polyester capacitor CRJBT6,
CPP1metallized polypropyleneadial capacitors, CPP2axial capacitos with metallized polypropylene
CPP3, CPP4

1  Electrolytic capacitors: aluminum electrolyti@xial capacitor CEA1CEA3, CEA4 aluminum electrolytic
radial capacitor, aluminum eléolytic SMD capacitor CEASCEABG, tantallm electrolytic radial capacitor
CTA1-CTA2, SMD tantalum electrolytic capacitor CTA3TA4, tantalum electrolytiaxial capacitor
CTADb, niobium electrolytic SMD capacit@NB1-CNB2.

Note. NOT ALL capacitordhave measurement terminalfiefparameterwill be measured only where appropriate.

3.2. Measure the capacity for the capacitahsch have measuring terminals aa placedon the board

shown inFigure 12In the papety, the resulhg tolerancefrom measurements compued by:
C,-C
t,=—"—"N (6)
Cy

with C,, being themeasured valuef the capacity, Gratedcapacity

The loss factoftg U) is also measured with RLC bridge, whichsimultaneously displays the loss factor
and the capacityd¥ electrolytic capacitorghe serial mode of theéevicemust be chose(CSmodg. In this way
one can also measure thquivalent series resistance (ESR)very important operating parameter in pulsating
currentregime of thecapacitor

4. Questionsconclusions
4.1 Based orthe grouping of the capacitors onto the laboratory board conthareategories of capacitor
Indicate the main distinctive elementle constructive details, nmaichaacteristics, parametetgghlighted in a
particular categoryapplication areas.



4.2. Giventhe results irsection 3.1 (Table 5), providecamparisornof the capacitors in terms of the parameters
listed in the table.
4.3. Comparethe tolerance measudet ,, with the one marked on the capacithraccording to data in Table 5.
Why are there differences betweenr, andt? What this differencemear? Is a positive good? What about a
negativeone?
4.4. Compute the overall tolerance for one typsriglelayer ceramic capacitdaype | andfor onetypell, similar
to the ones on the boardssuming they have the same capacity apdraten an environment with teperature in
the range{l 0 , C&ridlasduming thétemanufactumg tolerances are equalt@.5%.
4.5. In what tye of applications argype | ceramic capacitorgreferred? Andtype 11? Discussbased oran
analysis conducted on the Intetn
4.6. Analyzein terms oflosses fronTable 5, includinghe measureanes various types of capacitorglso take
into account the ESRarametefor the electrolytic capacitors.
4.7 According toyou, which are the advantagesf the multilayer ceramic capacitors MLCC?Are there
disadvantagegod?
4.8. Which are the advantage$ SMD components?he disadvantages€omments.
4.9 What differences exist between the ceramic disc capacitors and themedarterms of the parameters®ote
the greater thickness ftire disc versuthewafer.
4.10. Try to describe in detail the constructive elements of Bifpr the electrolytic capacitor
4.11. How do youexplain thesame dimensiofor the capacitorslOn/100V andLOOnF/10V?
4.12 Based on the cataladptg including those inTable 5, try to identify which parameters differ between
aluminum andantalumelectrolytic capacitorand in vhattype of application is preferrezhch one
4.13 Given the structurevhich capacitor haa higher parasitic inductancthe capacitor with the Al foilsr the
capacitor withmetallicfoil?
4.14. Whatconstructive and materiphrameter (parameters) depends onrdkexdvoltage of a capacitor?
4.15 Compare(based on Table 5) various types of capacitors in terntsedhsulation resistancels there any
relaton to the loss tangent
4.16. What does the fathat an electrolytic capacitor is polarizegar? Can nonpolaryzed electrolytic capacitors
be achieved?
4.17.Can aapacitorwith polystyrene (stiroflexpe replaced in an assembly, which requires a good stability with
respect taemperature (Please explain with whitpeit can be replaced based on thbleyou madg
4.18. Thetemperatureoefficient of a capacitor depends primarily on:

1) The variation with temperature thfe permittivity of the dielectric

2) The variation with temperature thfe geometric dimensions.

3) Thevariation with temperature of the contact area.

4) The variation with temperature of the permittivity of firetection elements.
4.19. The qiality factor of a capacitor depends on:

1) dielectric type.

2) Rated voltage.

3) Plates

4) Rated current.
4.20. The imrsulation resistance of a capacitor depends on:

1) Terminals.

2) Rates

3) The element of protection.

4) Dielectric.
4.21. The temperature range that is specific tmpacitorstates:

1) The temperature range in which the component changes its value with the tolerance.

2) Minimum rang€for the temperature oftteo mponent 6s body f.or | ong operat

3) The range for which theomponent maintains value within the allowed tolerance

4) Ambient temperature range in which the component can be used.
4.22.The changein the capacity of theariablecapacitoiis achieved by:

1) Changinghe distance betwegiates.

2) Changinghe permittivityof thedielectric material.

3) Changingthe thickness dhedielectric.

4) Changing the overlapping arefztlue plates.
Content of the essay:
Table 5 conpleted, comments, answers to questions.
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ANNEX 1 - Table 4 lists and cod#f thecomponents

Crt | Name | Capacitor type Manufacturer code Manufacturer
No | ref.
1. C1l Multilayer ceramic capacitor 0402, NPO 04023A271JAT2A AVX
2. C2 Multilayer ceramic capacitor 0603 NPO 100V 06031A101JAT2A AVX
3. C3 Multilayer ceramic capacitor 0805 NPO 100V 08051A330JAT2A AVX
4. C4 Multilayer ceramic capacitor 1206 NPO 100V 12061A470JAT2A AVX
5. C5 Multilayer ceramic capacitor 1808 NPO 2000V 1808GA680JAT1A AVX
6. C6 Multilayer ceramic capacitor 1812 NPO 1000V 1812AA471JATI1A AVX
7. CC1 Multilayer ceramic capacitor 0402 16V X7R 0402YC223KAT2A AVX
8. CC2 Multilayer ceramic capacitor 0603 Y5V 50V 06035G103ZAT2A AVX
9. CC3 Multilayer ceramic capacitor 0805 X7R 25V 08053C224KAT2A AVX
10. CC4 Multilayer ceramic capacitor 1206 X7R 12065C223KAT2A AVX
11. CC5 Multilayer ceramic capacitor 1808 X7R ,1000V 1808AC102KAT1A AVX
12. CC6 Multilayer ceramic capacitor 1812 X7R /50V 18125C224KAT00J AVX
13. CCD1 | Disc ceramic capacitor NPO KEPF015 JYA-NAI
14. CCD2 | Disc ceramic capacitor NPO KEPF010-500V JYA-NAI
15. CCD3 | Disc ceramic capacitor Z5U 100V KENF002,2 JYA-NAI
16. CCD4 | Disc ceramic capacitor Z5U 500V KENF001-500V JYA-NAI
17. CPL1 | Wafer capacitor NPO 2222 680 10129 BCE-SUD
18. CPL2 | Wafer capacitorY5V 2222 629 08222 BCE-SUD
19. CM1 Multilayer radial ceramic cap. MLCC 4.7p/100V COG B37979G1470J EPCOS
20. CM2 MLCC cap. 4.7n/50V COG B37986G5472J EPCOS
21. CM3 MLCC radial cap.10n/50V X7R B37981F5103K EPCOS
22, CM4 MLCC radial cap. 100n/50V X7R B37987M5104K EPCOS
23. CPS1 | Polystyrene capacitor (PS) 10pF/160V FSC 160V LCR COMP.
24, CPS2 | Polystyrene capacitor (PS) 1n/160V FSC 160V LCR COMP.
25. CPT1 | Rad cap. PET 10mm MKT 10nF/400V MKT1820310405 VISHAY
26. CPT2 | Rad cap. PET 15mm MKT,330n/250V MKT1820433255 VISHAY
27. CPT3 | Axial cap. PET 11mm 1.5nF/630V MKT1813-215/63-5-G VISHAY
28. CPT4 | Axial cap. PET 14mm 0.022 uF/400V MKT1813-322/40-5-G VISHAY
29. CPT5 | PET SMD cap. 2220 22n/100V SMD2220 100V 0.022UF | WIMA
30. CPT6 | PET SMD cap. 2824 68n/100V 10602824116820T WIMA
31. CPP1 | rad PP cap 10mm Y2,1nF/300V B32021A3102M EPCOS
32. CPP2 | rad PP cap. 15mm Y2, 15nF/300V B32022A3153M EPCOS
33. CPP3 | PP axial cap. 11mm MKP 22n/400V MKP1839322404 VISHAY
34. CPP4 | PP axial cap. 14mm MKP 47nF/400V MKP1839347404 VISHAY
35. CEA1 | Electrolytic axial cap 100u/10V TVX1A101MAD NICHICON
36. CEA2 | Electrolytic axial cap 10u/100V TVX2A100MAD NICHICON
37. CEA4 | Electrolytic radial cap 100u/16V UPM1C101MED NICHICON
38. CEA5 | SMD el. Cap. 33u/25V PCF1E330MCL1GS NICHICON
39. CEA6 | SMD el. Cap. 220u/50V UUD1H221MNL1GS NICHICON
40. CTA1l | Tantalum droplike cap. 22u/16V CASE F T350F226K016AT KEMET
41, CTA2 | Tantalum droplike cap. 2.2u/35V CASE C T356C225K035AT KEMET
42, CTA5 | Tantalum axial cap. 1u/35V CASE A T110A105K035AT KEMET
43, CTA3 | SMD Electrolytic tantalum cap, 6032 TAJC226MO025R AVX
44, CTA4 | SMD Electrolytic tantalum cap, 7343 TAJD107MO020R AVX
45, CNB1 | SMD niobium oxide electrolytic cap 6032 NOJC157M002R AVX
46. CNB2 | SMD niobium oxide electrolytic cap 7343 NOJD227M004R AVX
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ANEXA 2 Table 5: Measured and identified parameters




E6 | E12 | E24 | E48 | E96 | E192 E6 | E12 | E24 | E48 | E96 | E192 E6 | E12 | E24 | E48 | E96 | E192 E6 | E12 | E24 | E48 | E96
N2ojN1OfANS N2 $N1 N0, BUN20/AN 1 0fjAN5 N2 dN1 N0, BpN20/oA 1 0[N 5 SN2 9N 1 9N O, B N2 0[N 1 0[N 5 %N 2 %N 1 9
100 | 100 | 100 | 100 | 100 | 100 178 | 178 | 178 316 | 316 | 316 560 | 560 | 562 | 562
101 180 | 180 180 320
102 | 102 182 | 182 324 | 324 576
104 184 328
105 | 105 | 105 187 | 187 | 187 330 | 330 | 330 332|332 | 332 590 | 590
106 189 336
107 | 107 191 | 191 340 | 340 604
109 193 344
110 | 110 | 110 | 110 196 | 196 | 196 348 | 348 | 348 620 | 619 | 619
111 198 352
113 | 113 200 200 | 200 357 | 357 634
114 203 360 361
115 | 115 | 115 205 | 205 | 205 365 [ 365 | 365 649 | 649
117 208 370
118 | 118 210 | 210 374 | 374 665
120 | 120 120 213 379
121 ] 121 | 121 215 | 215 | 215 383 | 383 | 383 680 | 680 | 680 | 681 | 681
123 218 388
124 | 124 220 | 220 | 220 221 | 221 390 | 390 392 [ 392 698
126 223 397
127 | 127 | 127 226 | 226 | 226 402 | 402 | 402 715 | 715
129 229 407
130 130 | 130 232 | 232 412 | 412 732
132 234 417
133 | 133 | 133 237 | 237 | 237 422 | 422 | 422 750 | 750 | 750
135 240 240 427
137 | 137 243 | 243 430 432 | 432 768
138 246 437
140 | 140 | 140 249 | 249 | 249 442 | 442 | 442 787 | 787
142 252 448
143 | 143 255 | 255 453 | 453 806
145 258 459
147 | 147 | 147 261 | 261 | 261 464 | 464 | 464 820 | 820 | 825 | 825
149 264 470 | 470 | 470 470
150 | 150 | 150 150 | 150 267 | 267 475 | 475 845
152 270 | 270 271 481
154 | 154 | 154 274 | 274 | 274 487 | 487 | 487 866 | 866
156 277 493
158 | 158 280 | 280 499 | 499 887
160 160 284 505
162 | 162 | 162 287 | 287 | 287 510 | 511 | 511 | 511 910 | 909 | 909
164 291 517
165 | 165 294 | 294 523 | 523 931
167 298 530
169 | 169 | 169 300 | 301 | 301 | 301 536 | 536 | 536 953 | 953
172 305 542
174 | 174 309 | 309 549 | 549 976
176 312 556
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