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The Challenges of WBG for E-Caps

>> Higher voltage levels

>> Higher switching frequencies and so
AC ripple frequencies

>> Higher ambient temperatures
in application

>> High reliability requirements

L» The E-caps need to deliver way higher performance as before
CAPXON



GaN vs. SiC per Market / Voltage Range

Low Voltage Medium Voltage High Voltage
i B . x= -l
Hy = B D
Power Supplies : Solar ' Motor Control  Wind Smart Power Grid
Consumer Electronics Automotive UPS Ships & Rail &
EV / HEV Vessels Transport

600V 900V 1.2kV 1.7kV 3.3kV




Al E-Cap Technologies

Aluminum Electrolytic

SMD Radial
Dielectric Paper
g -
Snap-In Screw o o

Liquid Electrolyte

—

Rated Voltage = Vi

4 VDC to 650 VDC
Cathode Material Liquid Electrolyte
Self-healing of
Dielectric Yes
Package Widest range in all sizes
Stability Reduced performance at low temperature
Lifetime

Limited life at high temperature

Reliability a AEC-Q200 qualified

Solid Conductive Polymer

MLPC

=

SMD

Radial

T

Rated Voltage = Vi

Cathode Material

Self-healing of
Dielectric

ESR

Stability
Lifetime

Reliability

Dielectric Paper
AlLO,
+ —
o— —0
Solid Polymer

2.5VDC to 100 VDC

Solid Conductive Polymer
No

Ultra-low ESR at high frequency

Stable for low and high temperature
Very stable and long life — no dry out

Only internal standard qualification

Hybrid Conductive Polymer

Dielectric Paper
SMD ALO,
+ —
Oo— —0
Radial
i Liquid
Solid Polymer Electrolyte
Rated Voltage = Vi 16 VDC to 400 VDC
. Solid Conductive Polymer &
Cathode Material Liquid Electrolyte
Self-healing of
Dielectric ves
ESR Very low ESR at high frequency
Stability Even more stable than liquid type

Leakage current. = Lower leakage current than Solid

leeak Conductive Polymer Type

Reliability i)

AEC-Q200 qualified
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Technology

Comparison
+ + best performance

I well performance

o . basic performance

Leakage Current = | gax

Ripple Current = I

Rated Voltage = Vi

Operating Temperature

Characteristics

Low Temperature
Characteristics

Lifetime

Failure Mode

Aluminum
Characteristics Electrolytic Capacitor

ESR at
High Frequency

(120 ~ 1000 mQ)

++

(0.01*Cr*Vg)

(~ 600 mA)

++

(~ 700 V)

+

(-40 ~ + 125 °C)

(-40 ~ + 125 °C)

(105 °c / 3000h)

+

Open

++

(7~ 15mQ)

(0.2*Cr*VR)

++

(2000 ~ 7000 mA)

(~ 100 V)

+

(-55 ~ + 125 °C)

++

(-55 ~ + 125 °C)

++

(105 °C / 5000h)

Open / Short

Hybrid Conductive
Polymer Capacitor

+

(20 ~ 30 mQ)

++

(0.01*Cg*VgR)

+

(2000 ~ 3000 mA)

+

(~ 400 V)

++

(-55 ~ + 150 °C)

+

(-55 ~ + 150 °C)

++

(105 °c / 10000h)

+

Open

CAPXON



The Challenge of WBG Frequency Range

Example by Tl for SIC / GaN range:

 WBG requires caps to handle

ni—- AC ripple with way higher
100 kw frequencies
$ 10kwW .
§ e Cap technologie need to be
T capable to deal with ripple
100W MOSFET frequencies of 30kHz and above
1 kHz 10 kHz 100kHz MHz 10 MHz  apachecarei
Frequency ¥

1-30 kHz >3QkHZ

& »
<

A

E-Cap

1 " 2

L> Switching frequency causes high frequency AC ripple \/ \/ \/ CAPXON




The Challenge of WBG Voltage Range on Output Side

Higher Voltages of newer WBG a pplications can easy ranges from:

650V - 1800V

The rated voltage of E-Caps rated voltage ranges from:
4V - 650V
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Three-level active rectifier Phase shift full bridge Isolation Sec. rectifier and filter



E-Cap Aging due to Temperature & Ripple Stress over Time

New e-cap Used e-cap Dry e-cap

Impregnated Dried out Dry
Paper paper paper

7

(+) Anode
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0 000000000090 90 0
(+) Anode
O00000000000000

(+) Anode
000000000000000
0000000000000000
000000000000000

l
¥ X

Foil tunnel Dried out Dry
with electrolyte foil tunnel foil tunnel

Capacitance @ Capacitance ‘ ‘ Capacitance }
\ [
ESR/Impedance @ ESR/Impedance ( " ESR/Impedance @
Leakage current @ s } Leakage current - ' .} Leakage current @ l
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END OF LIFETIME CAPXON
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Lifetime Compendium
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For al Capion high-performance seres € 100V, e table 3

VAl b

Toweony
® L S e
A
(15) Tgp=12
Witk e
Koupe ipple currentnfluence ATy Coretemperature rise () by nternal heting U6) Troataws = [Trgus® +legua’ + -+ logun’
e

ing s ta the raterpple current

T Josc e s
c ES e

Temperature e AT, 10c

Calculation basis

HIGH VOLTAGE E-CAPS (2 160V) WITH
LIQUID ELECTROLYTES

Unilk thelow-voltage lecralytic:

‘trolytic capacitor. If Vs s lower than the nominal voltage of 30
s
mm
Q FK, FL, GS (2 160V}, HY, KC, KF (2 160V), KH {2 160V), 20
Rodil KR 2 3600, K50, 12 L. TE (e 1600,
T 160 W
HH, HL = 160V), HP (> 160V), HT, HU (> 160V), Al A\
Sropin L] iiseonizeon e seon o e16on,
UB, UC, UD, I, UK, UL 10 250000
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mm‘m

gt o bt

‘tional heating, the relationship of the thermal resistance, is i< ATy =

s esig heraorsipof v s e, A (I 5,68, 5, T, FU, o, X
i

ke 3l electronic companents, sectrlytic capacitrs are

ot deal components, but have losses that gveoffinthe  Pr  Themal
form ofheat under load.Forall lectronic components,the 4t coreten flons
coolerthe component, the longer the expected ietime. e

. Suuy em——— 10 Gt
For e-caps the ohmic losses are grouped under the tem . Thermal
“ESR" for Equivaent Seres Resistance. These include the firor R ——
hmiclosses resutin from the terminsl of the capactor,
the contact connections of the terminals, the contact re- e Radiation cosfficent (W/GaT K]
sistance of the eletrode contacting and the diecric A Surface o the capacior e
losses, sisa refered to 32 dissipation factor tan .

s
@ Py =I?ESR @ A=
DETERMINATION OF THE CORE TEMPERATURE

e INCREASE ATy
Pv otemal powerlosses ()

Ll To calculte the fetime, the determinaton o &7, - core
w (ars)

st Equivalentseresresstance () PR e

Thiscan be done n diferent uays

a) Temperature measurement of core tem-
perature Tc
By this very precise method, a thermocouple (usually 3 K
sensoe)isinsertedinto the capacior,whichis possileonly
Radiation during the production of the -cap and determines the

core temperature T over this. The ambient temperature
Tuis measured: .

Convection

Application example

4
1 -

| oisipation

Fig 3: Thermal output of the &cap v convection, o
ton ond dizpation

g
ing current flowing in the apacitor and n which hest gen-
erstion and dissipation are deter-
= and only possible with slectrlytic capacitors with core-
Emyr—— 7 [Ee—

e ——

the capacitor i, the thermal stress on s dielctic de-
creases, which n tun eads o an estenon of the service
W, For llcases Va betwcen 80% o 100% of Va toke d
vectly Vaand 1V ower than B0% o Vatake for colulatons

Ripple current comrectin factorke 08 1 12 13 18

Table 20:Rippl current correction focto or the Capion R seres

equiv. 1201 urrent 1

equiv. 1200 current 2

s value: Iruatpus = JEOAF (LAAY =234

ippe current ate:

-
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CALCULATION EXAMPLE - OUTPUT FILTER o

The usefl

[Pee——

[Emp—— 18
P —

s |

Boost PFC. D/ Converter

Graphical estimation
g prr—

Operatingcyces 200,000 dring the operating priod of 10 years

Operation under diferent conditions according tothe following tbie:

Durion omer 3005 DUraton by 2 1805 [T

e Te70C T asc
Frequeneyf ) Frequency ¢ 1(aws) Frequency f 1(aws)
10012 138 1002 18
sz n Soktz 12
1w 005
120k osa 20012 03a
p 0 3001z o7
Table
Selected Type: ‘GFS61M035G2S0ETA

R e T

B 20830 100K/105°C | 10mmx25mm 50000 a1 105°C

Table 17: Main porameter GFS61MO3SG250ETA

Capton v o1 cxprzn B [Eem—

[ —————
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Lifetime Estimation p—

MAXIMUM CORE TEMPERATURE RISE AT,

[core semperature rise a1, 10 s s

RIPPLE CURRENT AND VOLTAGE INFLUENCE

Calculation basics

— Stress mode ratio of expected life

[He - HLiz100v)« Hp(s100V)
- snapin [Hu(<1001) - LD(<100V) - LP(<100)
v)

Application parameters ‘
m LIFETIME ESTIMATION b.....

[HU(21601) - LD(2160V) - LP(2160)

1600 - o) m LIFETIME ESTIMATION
- e+ u- 0+ - ut.

LEGEND
STRESS MODE RATIO OF EXPECTED LIFE
Tore vofageo te capacor v
m LIFETIME ESTIMATION 50 of te oo
"
o N KV-"‘P KR\W\E Kvuha:e
Expected lfetime at applcation conditons RIC CONSTANT DERATING K, IN HIGH TEMPERATURE @ Application @ Application Conditions @ Appliction
Upper category temperature c Conditions Conditions
SPECIFICATIONS Application temperature, operating temperature c stion temperature Ty $65°C $85°C >85°C
T < [entacirk, . oss m
BT IVEE00HS0RORD : = 5 Wash 10n/orf IS
< wash10n/0ff 8 spnt 0 Wash10n/Orf S
= . in
st o1 —
Snap Rated rippe current,rated alternatig curent Alms) 3 wenzonrori 8 wash 200/ off L
00 Maliplir o ol corntvs.rauene e cotashect . - whzon/oft 8 wn2 @
b= Application current, operating current Alrms) spin2 " - Spin2 (N
L Application voltage v applcation, Stop I | Stop
45 mm Temperature influence (Abbreviation in the calculation Ky , Krz , .. K] - ' '
Soohe Toorn w Yorka) . . , | ,
oo mas s rCand O SIS - | ooee—— ] | !
= . l ' '
APPLICATION CONDITIONS i
LATION BAsE : ! |
= | - o w00 oo 1w 200 000 050 100 150
[wash 10r Alifetime Ly = Lo Krane * Kupprs * Kvorrace sult us before design- the capacitor in your apphcation.
spin1 2004 . K TeusTa g warnt, underte,
[ wash 2 0n / Off 4200V | d T 8y for any Cap¥on product.
son2 sy
e iid irent influence. See table "Ripple current and voltage influence” on page 3
STRESS MODE OF EXPEXTED LIFE
Huerce soe bl Rippecurent nd vl fence onge 3 wesh  on o INCETZN NEVTSTY
11571
Wer.001_14.08.2020 3 Ufetime Estimatio Spin 2 22l
| - P | BRI o i oo T TR MTEE
[ ————— —
CALCULATION B Lty [ ; ]
. X : I
B sa00h 85 @C @67 10T  OmA 1 wsea 256°C AV 6 191 1 I
21 ook e e [amave o] [ o [ e [208° [atov] |8 [z [ 4 [ W - Goin| iareen] iovo0s]
B EAw WO % GEE WS Mk 4 ot G 5 i, U A o . .
T e e o i B B o o ] B B — alculation basics
B GMG B AN e W SN G WA S SO . G ) 3
A \
. o
.
.
0 AW ion/ONmSHn1  mWeh200/0F
W ou ol Wl e
e of shermating sl curentn e sppltion. Messurementof , snd T, mspin2 mstop
RESULT = EXPECTED LIFETIME ENDURANCE USEFUL LIFE - - o
Ut e sppletoncondtons Ly aozh - 7y privion gl
Totaloperatg condiions i s - 150y woon - 10y
Copsctance se 2 s % | - 2 Jr——
Dspation fctr s 2wk 2008 Sapin Ao G oo
Leakag carent Sl . [ ———— oo Voot 8:00 \ [P
e i st Contos
JUDGMENT pass oo lrmton e contt slscapiancrs

Sap-n Aminum lctroyic Capsitors
Forfurther informaton please contact sals @capaon.org
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China Office - Shenzhen

Fengbin Industrial Park A102,

Tangwei Community, Fenghuang street,
Guangming District, (No. 4132 Songbai Rd.)
Shenzhen 518106 = China

T +86-755-2717-7888
sales@capxon.com.cn

Europe Office
Schwalbenweg 11
Pfullingen 72793 = Germany
T +49-7121-1452700
sales@capxon-europe.com

Taiwan Office
5F, No. 157, Sec 2, Datong Road,
Sec. 2, XiZhi District

New Taipei City 22183 = Taiwan R.O.C.

T +886-2-5592-4699
sales@capxon-taiwan.com

Singapore Office

51 Goldhill Plaza #07-10/11
Singapore 308900

T +65-3-1572870
sales@capxon-asia.com
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South Korea Office
RM309, Metrokhan,

239 Pyeongchon-daero, Dongan-gu,
Anyang-si, Gyeonggi-do = Korea, 14047
sales@capxon-korea.com

USA Office
New York

+1-607-846-4546
sales@capxon-usa.com capxongroup.com



