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Abstract

Tantalum Hybrid electrolytic/electrochemical cepars are very versatile corpo-
nents used in a widevariety of applications. This paper deals wjhlsedischargecharace-
ristics measurement and specific power determination of these capaCiipadtorswi t h O
100 V rated voltage were chosen for the measurement. The capacitonepetitvely ds-
charged into a low resistance loddore than 140surge dischargewere made witheach
component. Theesults werestatstically processed andapresentedEquivalentseriesress-
tanceof Hybrid capacitorss calculatedrom these measurements and based amaignitude
the specific power ofhe components igsletermined Simultaneously with tantalum Hybrid
capacitors somaluminum electrolytic @apacitors were measured and the results asepted
as well.Based on these resultsetcapacitors are then compar€dntalum Hybrid capacitors
have the highest volumetricspecific power(related to its dimensionsh medium voltage
range

Introduction

Tantalum Hybrid capacitors take advantagethad best features of electrolytic and
electrochemical capacitors. They combareanode froman electrolytic @pacitor,a cathoa
from anelectrochemical capacitor and compatible electrolite tatalum Hybridcapacitor
is a seescombination ofananodic dielectric oxid film capacitanceT&0s, anda high ele-
trochemical capacitance, a film of the conductive metal oxide,,RUKE uthenium oxide
createshe electrochemical cathode. High operating voltageciseved by using dielectric
oxide layer on the anode withoeixceedinghe breakdownpotentialof the aqueouslectio-
lyte. This allows capacitors with high cell voltage to be produced.
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The advantages of tantalum Hybrid capacitors cacdbsidered withan understah
ing of common electrolytic capacitotdereoxidelayers are generallpundontheboth ele-
trodes The oxide layer on the anode is thicltean on the cathodeand setsthe capaitor
working voltage. The cathode oxide layer is very thiml artsthe reversevoltagecambility
of the component. It is necessary to keep the cathode @ap=eas high as possible dimi-
nish its effect onthe overall capacitance of the capacib@mcause the anode and cathodeacap
citances arein series Capacibrsconnected in seridsllow this relationship(seeFig. 1)

1 1 1 o
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whereC¢ a G, are cathode and anode capauites respectivelyrhepropertiesof electrolytic
capacitorqrated capacitancandvoltage)are givenentirely by anode oxide lay@roperties
The cathode oxide layer must ensure that its capacitance is as high as pdssble.
anode and cathode occupy mordess the
same volume in common electrolytic eap
citors; the energy and powermlumetric
efficiencies of such construction are
somewhatimited.

The usual cathode found in a t&ant
lum electrolytic capacitor is replaced by an Ta/Ta,0s Ta/RuO,
electrochemical cathode based on edth
nium oxide, Ru@, in the tantalum Hybrid

capador. The ruthenium oxide is bonded Ca Ce

to a thin tantalum foil. Such cathode deli Ta/Ta,0s pgr  Ta/RuG,
. - . Il M\ Il

ers high specific capacitances (up to | 1

100mF/cm) [1]. The cathode dimensions
are minimal in comparison with treagbnal
cathodes (ahso is the volume). The alAi

able space can be used to enlarge the CaCe
anode, which leads toncreasedcapad- CAIT Cc ESR
anceor rated voltageor the capacitors can 1l MWV
bemadesmaller.
Fig. 1shows a transformation from _ _ _
Fig. 1 Transformation from a full equiva-

a full equivalent circuit diagram for the lent circuit diagram for the tantalum Hybrid
tantalun Hybrid capacitor diagram to a  capacitor to a simplified one.

simplified one, which meets the demandsaofide variety ofapplicatiors. With help of the

full equivalent diagram, we can briefly describe the technology of the tantalum Hybrad cap
citor. The anode is manufactured by gmeg and sinteringf highly pure tantalum powder.

By sintering aporous ande slug is createdwhich is sulsequently covered by a dielectric
oxide film of theTaOs. The internal surfacearea of theslugis many timedargerthan its
outer geometricdimensions The dielectriclayer is createdelectrochemically ina process
called formation. The dielectric thickness corresportdsthe magnitudeof the voltageused
during formation The fornationvoltage is higher than the rated voltage and the ratio between



the formationand the rated voltage & leastl.3 for Hybrid capacitorsin the equivalentir-
cuit diagram the By paraneter represents the leakage resistance of theedaietr and R
diode symbolizes valve characteristicstlut particuladayer. ESL represents equivalesg-
ries inductance of the Hybrid capacitor. The Hybodpacitors have lowguarasiticinduc-
tances in comparisorto aluminum electrolytic capacitors becausslug replaces the wound
structure Thus, he resonanfrequency of Hybrid capacitors is higher. ESR is the equivalent
seresresistanceof the capacitorlt is aparameter of high importante®cause oits base the
specific power ofa capacitor is defined, as is described belowmegynitudeis mosty af-
fected by the kind of electrolytesed The electrolyteof tantalum Hybrid capacitors with
working voltages O 1 2 é®nsiss of 38 % sulfuric acid solution in wateThis eletrolyte
deliversthe highest condustity andis liquid in the whole range of operating temperatures.
Finally a parallel connected resistance to Re@pacitance is shown in the diagrarhis re-
sistance represents a possjimeudocapacitanatectrode leal?2].

Becausdhe anode and cathode capacitaare inseries the anode charge has to be
eqgual to the cathode chargadthe following appks:

Qa =Q¢, (2)

VaCa =VcCe, 3)

The cathode voltage must natceed the electrolyte breakdown potenfldle ne@-
tive electrode capacitance must be greater than a minimum xeduenging (3) it follas:

— VACA

C
c v,

(4)

Typical tantalum Hybrid capacitor potential drop associated with the negatie ele
trode is designed to be 0.3 volt maximum [3]

Measured Capacitors

For pulse dischargecharacteristics measurement and specific power determination
based ortalculatedeguvalent seresresistancevalue were chosen three tantalum Hgtand
two alumirume | ectr ol yti ¢ c a patedvoltagesrThe measurdd capacitb8 0V
parameters are shown ifable land Table 2 Tantalum Hybrid capaciterffrom THS series
(seeTable 1andTable J are suited for the temperature rafigen -55t0 +1 25 AC (-wi t h v
tage derating). They are manufactured in a hermetic tantalum case and contain three anode
elements connecteth parallel The cathodeis as describedi the ruthenium oxiddayer
bonded tathin tantalum foil. Tantalum Hybrid capacitor THQL1 is in a hermetic case as well.
It contains only on@nodeelement The cathode ias describedThe tempeaature range is the
same as for the THS series paaitors. Aluminum electrolytic capacitor BHC
ALS40A103KF100 is designed fatemanding applicationdt is manufactured iran alum-
num cylindrical casef classic constructigrtypical for aluminum electrolytic capiaors. The
temperature range feom -40to +1 0 5 AH@ capacitor is provided with screwrtgnals The
aluminum capacitor Nichicon LK is designed for consumer electronic appfis and the



temperature range isjust 0 t o +85AC. The ¢ onstINtemhadlso n
For furtherinformation about measured capacitors Balele landTable 2

Table 1 Measured capacitoparametergl).
Dimensions
Capacitor Ck  Ur Cgu, Mass DxL Volume

[mF] [V] [mF] [g] SxSxL [cm?]
[mm]

Eﬁ;gslgggrziglz 42 125 443 128 35x35x15 184

'i":ggfgggz 75 100 7.37 128 35x35x15 18.4

Eﬁagifgc?{gjz 19 100 202 47  35x8 7.7
ALS 40iTg3KF100 10.0 100 817 2224 50x105  206.2

Nichicon LK (M) 22 100 219 223 29 x 30 19.8
Cris the réedcapacitance
Ur is the rated voltage (the maximum voltage),
Cs 1, IS measured capacitance at 8 Hz,
D x L = Diameér x Length,
Sx Sx L = Side x Side x Length.

Table 2 Measured capacitors parameters (2).
. Energy SpecificEnergy Specific BEhergy fss54  foa
Capacitor ] [/cmd] [3/g] Hz]  [HZ]
Evans Hybrid
T 32.8 1.8 0.26 969.8 36390
Evans Hybrid
THS3100752 375 2.04 0.29 706.2 13370
Evans Hybrid
THO1100192 9.5 1.24 0.2 704.4 57820
BHC 50 0.24 0.22 11940 2546
ALS40A103KF100 ' ' '
Nichicon LK (M) 11 0.56 0.49 1312.0 4642

Energy calculations are based on rated values.
f.4 5is the frequency where the phase angld s A ,
foais the selresonanfrequency.

In the following text, there is an example of measured charactestielS (Electo-
chemical Impedance Spectroscopy) tioe tantalum Hybrid capacitor THS3125422Hg. 2
showsa plot of impedance vs. frequency Z6 i s t he real part of
one (reactance).he capacitoself resonanfrequency ighe point where the reactance is-m
nimal (theoretically zero) anthe component phase angleq u a | s thi§cApacitdf theself
reonant frequency is about B0 Hz. At higher frequeles the component acts inductive.
Because ofower parasitic inductancehe self resonant frequency is higher for tantalury- H
brid capacitors thafor aluminumelectrolytic capacitors as we can see frbable 2 In Fig. 3
thereis the capacitance vs. frequency pdoid Fig. 4 shows thephase angle vsrequency
plot. An ideal capacitohas a phase angle ¢ 0 &Ahe plot shows nearly ideal behavior for
frequencies below about 100 HEhe real and inginary parts of impedance are equal for
4 5 phase angleThe frequencyhich coincides with this phase angie about 970 Hz. In

S



comparison with electrochemical capacitoris ttharacteristic fquency isat leastoneorder
of magnitudehigher. At higherfrequences the component actessy The tantalum Hybrid
capacitor characteristics are closer to electrolytic capatitan to electrocheroal one.

Evans THS3125422F 4.2 mF/125V
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Fig. 2 Resistance and reactance vs. frequency for the tantalum Hybrid capacitor THS3125422F.
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Fig. 3 Capacitance vs. frequency for the tantalum Hybrid capacitor THS3125422F.
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Fig. 4 Phase angle vs. frequency for the tantalum Hybrid capacitor THS3125422F.

Experimental Part i PulseDischarge Characterstics Measurement

A diagram of the circuit used for pulséscharge curreanmeasurement is shown
Fig. 5 Themeasuremenwas carried out ithe High Voltage Laboratoryn the department of
Power Engineering at CTU in Prague. The ainmeasuremenwas to find out thg@ulsedis-
charge currestintoa low resistance loado confirm the capacitos' ability to withstanchigh
current discharge surgesid lastbut not least taletermine the power of captars defined
by the following famula:

2
Pmatched: %?
In theformula (5) Uy standgor inception voltage which was used for capacitor ghar
ing, and ESR representaipacitor'sinternal sems resistance. The internal resistance value
was determined fronthe pulsedischargecurrent magnitude and thesistance value of the
dischargdexternal)circuit. The pulse dischargamplified model for a capacitas shown in
Fig. 6

(5)
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Fig. 5 Test circuit diagram.
The internal resistance valuegiven by:
U
ESR=—"- R, (6)
MAX
Imax standsfor amplitude (?fdis- __ Capacitor_
charge current anddg for the resistance |
of the extenal discharge circuit. Its value | —/\/\/\,—|—
is very small and wadetermined by using ESR (=R)) |
a fourwire method For measuringthe | |
discharge resiance the electronic mult | cl U R
meter Agilent 3458A (78 i °D|v|||v|) wH's
used. | |
Action statement of the circuiF(g. |

5) is quite simple. An autotransformer is | |
used for setting theequired voltage value —_—— — =

on a measured capacitor. AC voltage is Fig. 6 Capacitor discharge into a resis-

rectified and fed to the tested capacitor tance load, simplified model.

through a charging resistan&ax parallel

connected aluminum electrélyc capaci t ors 470 ¢ F/oltagediee V hel
tested capacitor voltage is measured by electronic multiri€t84401A. A poweswitchis a

three phase clamper controlled by 230 VAC voltaeer closing the switch the capacitor
discharges itself into a low refance sensing 0.0Gl r ergratis I kA/ 1V). Itis a special
sensingresistor suited prefably for pulse currentmeasurementype CSR 3/1000 No 002).
Thewaveform of thevoltageon this resistoiis sensed byligital oscilloscopd_eCroy Wa\e-

Runner (type LT264, DSORfter the @apacitoris completelydischarged, the powswitchis

operedand the capacitor @llowed to be chargeithroughthe chargingresistor R again (ah

sen according to thmagnitude of thevoltage useld Charge and dischargeocedures re-



peated over 140 tinsea cycle takes 10 to 15 s@de results are shown Fable 3andTable
4,

Table 3 Pulse discharge current measuremesults (1).
Average
Charging Charging Dls.cha.rge ESR Number discharge  Maximum
. ) circuit current reached
Capaator Voltage resistar . [ q] ofsurges litud
V] [ q] resstance [-] amplitude current
[ a] value [kA]
[KA]
Evans Hybrid
THS3125422F 125 90 0.0113  0.055 147 1.88 2.15
Evans Hybrid
THS3100752 100 90 0.0110 0.053 191 1.57 1.93
Evans Hybrid
THO1100192 100 90 0.0113 0.115 181 0.79 0.9
BHC
ALSA0A103KE1000 100 90 0.0110 0.025 195 2.76 3.71
Nichicon LK (M) 100 90 0.0113  0.069 163 1.25 1.54
Table 4 Pulse discharge current measuremesilts (2).
Matcheld Volumetric Gravimetric Average peak MaX|mum peak2
. power - e discharge pav-  discharge paver
Capacitor specific power  specific power
[kW] [kW/cm3] [KW/g] er value value
(kW] [KW]
Evans Hybrid
THS3125422F 71.02 3.86 0.55 235.0 268.8
Evans Hybrid
THS3100752 47.17 2.57 0.37 157.0 193.0
Evans Hybrid
THQ1100192 21.75 2.83 0.46 79.0 90.0
BHC
ALSA0A103KE1000 100.0 0.48 0.45 276.0 371.0
Nichicon LK (M) 36.23 1.83 1.62 125.0 154.0

1. Thematchedpower calculatiosare based oaquation(5).
2. Themaximumpeak poweis a product oamplitude ofdischarge current and a @ajior voltage.

Fig. 7 The workplace in High Voltage Fig. 8 Tantalum Hybrid THS series capa-
Laboratory. citor being measured.

The components heated up slightly during the measurelmgnnho degradation
processeswere observed. Tantalum Hybrid capacitors have the higlodsinetric specific
power (kW/cm®), as is shown ifTable 4 Theircalculated matchepgower can be lower than
matchedoower of comparable aluminunkeetrolytic capacitors due to slightly highetemal
ESR. This affectshe value of thgravimetricspecific power (kw/g). From this point of view



the tantalum Hybrid capacitors seamilar or evenlower than commoraluminumelectio-
lytic capacitors (iis necessaryo take into accounthat specific mass ofantlum is much
higher thanthat of aluminum). Their volumeric efficiency is unbeatable though. Presently
theseare the componentswith the highestvolumetric specific power inmedium voltage
range

Fig. 9to Fig. 23showsthe examples of measured surge discharge carreistribu-
tion histograms during the measurement and reached discharge power (a produdtagfea vo
and a discharge curremtagntude).
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Fig. 9 Tantalum Hybrid capacitor THQ1100192, plot of discharge current vs. time.
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Fig. 10 Tantalum Hybrid capacitor THQ1100192, discharge currents distribution histogram during
the measurement.
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Fig. 11 Tantalum Hybrid capacitor THQ1100192, plot of discharge power vs. time.
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Fig. 12 Tantalum Hybrid capacitor THS3125422F, plot of discharge current vs. time.
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Fig. 13 Tantalum Hybrid capacitor THS3125422F, discharge currents distribution histogram.
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Fig. 14 Tantalum Hybrid capacitor THS3125422F, plot of discharge power vs. time.
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Fig. 15 Tantalum Hybrid capacitor THS3100752, plot of discharge current vs. time.

Fig. 16 Tantalum Hybrid capacitor THS3100752, discharge currents distribution histogram.



