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Development of Accelerated Life Tests for Solid Aluminum
Electrolyte Capacitor Made by Domestic Manufacturing Company
and Comparison of Characteristics between Domestic Products and

Foreign Advanced Products

Jung Won Park, Jung Hwi Lee

Korea Testing Laboratory

Abstact

High temperature operating test, temperature humidity test and temperature cycling were
performed at various test levels for solid aluminum electrolyte capacitors made by
domestic manufacturing company and foreign advanced manufacturing company. It was
found that main failure mode of solid aluminum electrolyte capacitors was the decrease
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of their capacitances. The decrease of their capacitances has the same pattern in these
tests. Test result for comparison of characteristics between domestic products and
foreign advanced products shows that domestic products have the shorter lifetime and
their capacitances decrease more rapidly in high temperature operating test and
temperature humidity test. Also in these tests, accelerated tests for high temperature

operating test and temperature humidity test were developed.

I

|

g1 7171 8 Fbl e Fohs S4ol F 1A Y
2% @74 Z7kan Aok A FU AFFEE whd 50% o4 A%
9 %2 AR FAG AR AA ARG FRE 9 207 20 ol2m gk FlA
© 27 QACA AL gRetel AU 1 Y;, e ANNE AT FE 27] @A)
sles gEEe e AR AzAANA AAHT gt

$tu glov Hu

K
s

AR &3, Al 4

& e
shusied odee An ATk £@, AF AAYS FHAN] Astel A
¥

AEe A=Y Faol Be Aol Fn Yok

2 ATolME nA 2RF e ANAHY ASAGPEE A nA LRy
A8 ANAEE Pl et ARe BEAAD, Y AT 93 4 AH AF
& NHakel F ABAole) S4B AAYL MuGozA T ATl Mo T AL

A A1 3t S e,

21 g FF
2 AT Bgez & REL <IY 1>F 2 1A EFrE A3 ANNEHEA
<E I>#% 22 548 #ed



A, olFH /3

<E I> Y EE9 EA
54 g5 4 & H) 31
A At 16 VDC
ANe 150uF &2 +20%
FHALEAE (tan 8) ol 0.08
FAAF 48 A
ESR (100 kHz) 28 m#2
58 fdE A7 3260 mA rms
A2 #ek 184 VDC
A AL 25 ¥4 -55C 7105TC
22 419 A9
T 25, 25y,

32 R o

2 A7E A LT E A ANAHY VY] FFe R
SAOE 2EH2E o) gkl FAN AYFLEA U ANAHY A BE 54
Bot 1FEE P WAUES E2ASRAY 42 2Ed 20 wetd g go| AP

o},
<E 2> neR3AE
ANy =z Ag F EX FAA
105T, 34 AY A7} 30 %7] 274, 168h, 504h, 1272h
125C, A4 A A7} 15 %7] &4, 336h, 1104h




4/ 34 24 ¢501F A8 AR 7EsHAY S E 29 AR AFH] 54 vz

<E 3> &5=AF

A =4 Ag F 54 F3NZ
85C, 85% 30 %7] &7, 456h, 624h, 864h, 1006h
110, 85% 15 %7} &3, 72h, 144h, 216h

<E 4> £XA}o]EAY
Ag 24 A7 £
-55C ~105C 10 27 &4,

oo o

<E 2>9 neR3APe A U FFY H1 HE AELE9 A8 A A A

o] A& HolEjrt o] k&gl YT tsAol e Roeg #eHUY 125T9 F =

A ANgxrHhez M3 a, A3 B4 S =0)7] 93t &2 2EH: #&F
35} 3 tH(Meeker and Hahn, 1985).

Hop @& 2Ef2 $£F ¢ B AE € T

<E 9 2FEAYY Feoe HZ 2F=AFEzHeR B H&H1 e 8T/85%
27% 37148 o 5o FES FF S DAt o go] FFAA FE FFo A
A4S d 7tEAE £ JdE 110T/8%EAY F =282 *H‘Jzﬂc‘i **5“6}9& i, 3
RN EG 2ol FTAAN BAY AFHE wol7] Astd 2 2EHE x| ¢ B2
AEE MR <E 4>9 LEALIEAFYY F e 2E7F ¥Edd g AEE

j
2 FASE AR 43 AFSE BYNN SFLASIE G2 ARE Alole] Lo o
stol waHE DFALS BAFy] Aot APES AELE WAAH LEAZAYL

e

g #Ast7l Astel AP o) G gL

7zt A9
g ta4712e et 2ol A

oo =
AYJES =

<E 5> X335 % 2¥VAE
it A R e R R
31E% AR EFWHS(4C/0) < 20%
frasde 0.08(x71 At¥) X 15 = 012
THAR 48 ph o8t
23 NE A

231 n&F A Y

LAY 2 AR EFH FAELE] FF 1056TS 125CoAA FdF 43S 7HA
o] Maat R, 125C 2AANA WstaFo] o ket 29 #F=x). A FAPF ZF4
e AT Aol e HolH 7t doHH



Hg e, olFH /5

MM B MBS vs. AIZE(10BT, B4 BE) HHBY HEB vs. AIZH(125C, 2L £E)

0 0 40 80 a0 1000 120 1400 o] 0 40 [es] 80 100 120 140

AlZH(h) R
a. 1056C A% b, 195C A
<Y 2> Nzbol e AEF Wt Fof

RHEUB vs. AlZH16TC, A FB) RULHG vs. AlZH(125C. FU B F)

140 ¢ A 40 A0 &0 U0 XD 140

0 20 40 €0 &0 100 1a0
ANZHR AlZH(n)

=
HE B39 + 2%
I

i)
A
-
gis
g
)

b 4
%
Ay ro o
pas
|
fru

Loy
o
L
x
N
&
M
b
i

o
o
iu}
+
ol
Ao
i
f
.
A
v
do
i
e
rlo
P
ol
j
o,
il
ne
tlo
+
¥0,
e



6 / 24 14 2705 Ao Al AP L L 39 HAYA AFAS 4 vl

<E 6> 105C 2HAA Al p BEAF(EH: A7)

A p R Fo A p WEYFo
2% FE (o) | Al p WEARD) ;SD/ | ;;; ;5‘; \ ;A:&
1 16.16 9.83 26.43
5 82.48 50.42 13491
10 169.42 103.58 277.11
30 573.52 350.63 938.09
63 . 1607.96 983.06 2630.10

232 LEEAT
EHEEANGAME n2FetA g visbA 2 AAE TS FAELES B Aol we
A A FFE AR B nehd 28 2F), FEARY F9olE 98T B3Pl
gl dlelE 7zt doix
| HUEY WE vs. A2 (B5T/B5%, AL B ) HHRY WS vs. A2 (110C/85%, B4 £ F)
100
0 k
20
wm DOF
w0
F:
W 40
3@
R0 2
10
0 b
Al2t(h) A2k (h)
a. 85°C/85% 73 b. 110C/85% 74

<3y 4> ANzl wE BAEF UE Fol

KUEUE vs. AT (85C/85%, Bt #8)

a. 85C/86% A% b
<Y 5> Algtel g FAEHE W Fol



g, ol FH /T

A 28T Zo] dodF B dioleHe nAZAAHIES EUR 7 =AY nFdolH
g e F ANZ, AdEE nZuHERH 2524 M FH nFR=E HA
T AR FHEE= AHE =Y Yol e 85T/B% = A9
nZuHE AlEstd FHEXE FAH 28 v 22 FHEERV FAHAHNG &, F
3 & BAste] A3 Roz Ui oolE
Hols FAEY LTEQ SASE o] &35

F(t)=1-exp[-(t/915.14)"*]

249 $RLILRE e 2e £3vclHE Ag £ Uk

A
B
i
2
oo
_o#
3R
K
o
1
Mz

<E 7> 8T/8% ZdA A p YR

o = ~ A p REAF A p WEeFe
% HE @ | Ap HEAT® 959 A1%)3}g 05% Al 24 g

1 509.16 405.22 639.77

5 62673 536.11 732.66

10 686.95 606.01 77870

30 802.46 74254 867.22

63 915.14 868.49 964.30

233 25 A01EAN Y
SEAL)EZAY A3} oA EA dFdolEE gz i A% gga e a9
ZZo] dojH

HTUEY UHB vs. MOIB S (RIMOE IV FE)

HUBY wEE
33883883888

AtOl1 2 £ (8)

a AAEF Wse
<2¥ 6> Atol

gt
+
E-3

o}
LEAl|EANYANE 38 TR E AL
g FAT 23 g 22 FHERY

A
o
38
0
A g
n
ol
M
H
rr
Ac)
s
I
e
tH
i
N
ol
o
2



8/ 3 24 &FulF Ad) ANAE Y 7HE5EAE AR L 39 AAYA AFFe) 54 vim

F(t)=1-expl-(t/161.83)*™]
FAHE FEELZRE &3 2 FHboHE 4& & Yok

<E 8> SEAf|ZAYel 3loiA Al p WRAS

1% 8 (p) Al p BEH(h)
1 46.95
5 72.79
10 88.34
30 122.64
63 161.83

24 7F&EAE i

23"l A AF upet Zo) A YRuE A3 AHYAEHY 3@ nFR=E FHLB
Zagt 295z AAESY A @4
Ag o] Aol webd YA AFL 7z
o BeHYone FHWLFS) FHFAFL
HozM NH&ERde Mg

P
)

241 €% AEHAEF ojRE FS
2 2EHYLE o]lE3E A$ dAZ 2EYA ZANAM HAA Lo dalEHE AFS
Gen e RdE BEE Aoz AP
(1) o= 3 AJHolA HAALE H3E J{x7] AAEF - tAHoll Ao AALZH) <100/
27 AHEF WE BT 2L JEATEEES B
A8)=1{0.4343/1 @n)"to]}exp { — [ log (&) — 1%/ (26D}
@ A7l HE FAET Asgel G5 ot T e YA HAE wAL

w2 oh(iE Reh 9], 1985).
dys()=(KD*?
o, 4os(DE RN AAEF Mg FY4ak(median), K& &&= A, = Al
g Aol o] Rde] e AAd4E HEW oS 2L MEgrdo] dojxith
Indys(H= BAlnK+ Blnt

= y=a+bx
Surg BdolA WIEE Y4 Kt SEol o@de, ngd ge ohfus

K= Aexp(—E/ET)



g9, o1 3% /9

o
iy
r
et
oX
L
2
vy
)
)
=
[
s
ke
¥
rﬂ

A4(8.617x10%V/K), T= HULE(K), A&

A Folo] oigt 2do] AFRA &Asr] At
In4% In to} BAE 2 ehd 23 g 2y o) 2YZEFE Ingd9 In t9
wAE dgdAe Jdee ¢+ Ao

in A vs. In1{105C, I §F) In A vs.In L{125C, Ak £:F)

5
45
4
35
< 3
< 25
T2

) 15 :
! 1
05 05
0 0

4 45 5 55 6 65 7 75 4 45 5 55 6 65 7 75
Int int
a. 105C 24 b. 125C %7

<Y 7> DERIIAYNMEY In g9 In to] BA

H F4E Indys(De Tt 2 E Indos(H% Ing #AE F 2

i
=
2
o
dlo
&
mi
kg

-

In Alt)

4 45 5 5.5 6 6.5 7 7.5
Int

<2¥ 8> Indy(H Inte A

P 2E 248 7|€7] BT AlExA &S »
Wz 7)1&7)7t FgaoE AG oA 4 23 8 yEAL FHAT o9 e FA
Yste] Hr] Bgg o8ty 24 ¥ AT E thSH 2ol RdFEAr).
y = a+tbx = c+ds+bx
s 105C 27e 249 08 e 7HA™, 15T 249 3% 1€ 2E oiv) W%,

o i f

L



10 / 34 24 ¢50)5 A9 ARAE 788 AL £ 39 AAYA AF3H 84 vla

FARA £LZE SASE | 83td Rde HevE ¢ d bE FET AH} dEH 2L
gkol ol A
<% 9> =de meve 3 A3
c d b R’
1.474 1.111 0.224 0.997

Y HERE 24 H42 A nE AHEF A WE Fole 43 e Rde @

<E 10> AgxA E A wE AHNEF s 43 =9

Ay 274 g3 =4 FAE 24
105C Indy s(H=0.2241n720.539 + 0.2241In ¢
05 Indy ()= fln K+ Bln¢ ndos(8 - 1
125C Ind, s(H)=0.2241n102744 +0.2241n ¢
9 BolM 24 RYULPE LE Wsd tE 9HRY, Z odss BAYL 33
W ogew 2o

InK=InA+(—E/1000 - & (1000/T)
—y=a+bx
— y=105.284-37.310x
E=3.215
ol2HEH 105CTxAF 125T £ Atold 7t&AFAF)E o534 2o
AF=exp[(3.215/%) - (1/378—1/398)1=143

2322 105CHA 9 1000417 AlE2 125CollA 7TA dAsH 5dd Alg 208 F
T A

SR AEHAE o|§3E ALE £% AEALE oS5 B39 kA BA
o dAI 2EHA ZANA AMEFe) dIHE AFLS ¢S 2L ELE EE AL
Z B g

<E 11> NZxA d Az e FAAgy dgge d3 = d
A =23 g3 =d F4d 29
85°C/85% Indy 5(#)=1.0561n0.019+ 1,056 In ¢
/85% Indy ()= Bn K+ Blnt &5

110 /85% Indp (9 =1.0561n0.329 + 1.056 In ¢
9 BoA FAHE RYERE 2% W3 wE fgrd F oy 2 FAHNE FAS
W e 72



ugd, olFH /11

InK=InA+ (— E/1000 - £)x (1000/T)
—y=a+bx
— y=39.842-15.686x
E=1.352
o2 RE 85T/85%=7 3 110°C/85% Alolel 7t& A4 (AF)E g3} 2t}
AF= expl(E/k) - (1/358 —1/383)1=17
22 85T/85%%A 2 100041 A8 110T/85% A 59A1ztet A Aletd Y
EFE ¥ F AA "o

e
>
0%

pl=)
2,

25 =9 AzxgA FEFHe 54 R AHA vlu

=9 AxdA FEH 54 2 AALE Blusty] At AAdM HE FREol &
dEo 1A LFvE Al AHAH GA FEE TG A FF diEte AAG
SRAY, EFENY, SEREXNF S LT =N APt

NE A i 2A EFojE A ARAEHA JoME FH nFE=I FAEFY A

Koo

I~

APoem Alztd W AAEFS] WIe g 2 B Jerddo T 2E e
HRE flstel T FES AAUEF WH B Yehudch
HMBE HES vs, AlZ (105C, A4 2 E) HUBY WS vs. A (105C, R £ F)
10 = i 4
9 G e 20
g s e BRI
w7 : P Pt e n 0
w 6 T e e B oo
B 5 s e k7l
Wy . e w 0 i o o s
9';0 3 0 15 m‘;)’ S
;;2 . :;‘owy e + S e D
X
1 5 b g
0 0 . "
0 20 400 600 a0 1000 1200 0 20 400 [:04] 800 1000 1200 1400
AlZE (h) Al (h)
a. 9= 44 ¥ b. 4 £ F
<Y 9> Ao e AAgH g A (LLFAIE 106T =)
HUBY HEZ vs AlZH(125C, YA B E) HHRY HEB vs. A2 (125C, A B E)

a 9= A FF b, =4 BF
<™ 10> Aol e FHEF e AF (L2R3A1E 15T



12 / 3% 24 22505 38 ARNEL 44 A2 D 29 AR ASH) 54 ¥l

HUBY HEHE vs. Al (85C/85%, Yt R E) YHEY W3R vs. AR} (85'C/85%, 24 B E)
45
©
~ B R
g S Z
- o
W 2 )
) il
.
w15 gg
% 10 2
Y
-10
A2k (h) AZh(n)
5 5L
a. 93 4A *F b. =4 2 F
<Y 11> Azl wE ZHEF ¥ 3 (LFEEAY 86T//5% x37)
HHS W8S vs. A2} (110C/85%) MNBY WG vs. AIZ (110C/85%, T4t £F)
0 100
0 20 b
2w g O}
w w o r
]
?Ji o 5
o W 4
o 0 R 2
10 10
0 [
AlZH (h) AIZY (h)
5 sz
a =3 dA FF b. F4 #F

<Y 12> Az mE FAEF Az B (FF=AEF 110T/85% x=4)

HHEY HEE vs. MZH (RIMOIEMY, AMNRE) HUBY WSS vs. AMOIZ = (2TAIOIZ, IH FE

2y wsalg

u

HHBY U8B (%)
CaonmurONDOD

0 0 100 150 200 290 30 3B 40 40
AZHh)

a S 4A ¥F b
<Y 13> A e A8 Wst Y (LEAIEANF)

L)

AeHF WEg volEHZRE o £ Kol I #Fe B¢ =

9 29 Zol Aol

o



ug 4, ol FH /13

& e FEFR o ELHI etso. o4k
w—°~l 13 elHE v‘i‘—*-if“} 2% dg3 2 1ZE # FEEL FHIAJSG. 34
a T

# H@3}r] fte S FEFAAM FH R BEEZE A HeEhRdd.

-
=)
-

ol e rln

<E 12> 9= 4A FE3 4 FF U994 v

gy FF 5 AdA B E =3 R &
LR Y 13E (RFEE HE) 1YE AFEE A8
105°C 10%/1000h@105°C 629/1000h @ 105°C
LEEAY SHEE (ol BEE HE) SHEE (ol ZEE HE)
85°C/85% F(t)=1-exp[-(t/1190.50)**] F(t)=1-exp[-(1/915.14)""]
HEY (ol EEY L) FHEE (Yol E¥E L)
ER-PARNENE = ;
tel2A14 - F(t)=1-expl-(t/161.83)*™]

s Lol WARA FE

JZHH 16T 2ANE BEFES /IZOR 4 RFo| T4 ¥ Eo| ulstel o o)
98 798 ¢+ Au, STA ZUANE B0 $98 AGes I 2B 3

2 dFdMe Fas —‘—ET o] Fold TAHE 7|71 8 FT7to] wEtd dA F27F T
7t e =4 IA EFvE A 714H/\1E1°ﬂ datd o8 7bx 2EHd2E L3 o
¢ ANPLS Fao 51%5'-5 2 w7t ES stetsta, sotd nZAMIUES THESeke Al
FAke ¢5% & e SN ENE S 7H“a’3}9&4. T3, 9o AR AxFAANA A
g 1A gFuE Al A st FLY AFE st A FEH S R AHA
< Bl

T4 24 @FuE d3 AHAEHY aFERE Fo H9s7] st z2
FIAE, SFEAY, SEAIEANIT 23 FE IFE=EE APEF 72U Aoz W
AL, At e FHEF] HAas dAT S HolA AFE ¢ F UG AT
75"%*% e AL 4o E £43%t U3 2L d3rdg &3

(1) 2= 2Edf2=8 A/ A

ofk



14 / 34 24 27015 A8 ARAHS 7H45RAE AL 2 39 AUQIA AFAe 54 vjm

105C =79 #$: A=(720 539xt)°~22“, 125C =219 7% 4=(102, 144 x £)**
(2) FE 2EYLE Qe A
85C/85% % 4 A% 4=(0. 019><t)1056 110C/85% =9 H9: 4=(0.329x "%
AGAIZHE @58 5 e 7IEAgSHE HEsz] gt Ao FAgol 285 E
2N 2FEAHA didte 74zt 7)|&9 A¥zAR o &S 249 F 27
A Aldaded, AE 2F L2EFAYY F$ 105CT 125TAo1 9 7h&AS7 143, 8
5C/85%% 110T/85%Ak01 9] 7h&A$7E 1721 Aoz EAHAY, 18jmz 105ColA 9
1000A1ZF Al g & 125C Al A 7TAZEgt "a‘/\]ffP?i; %—?—it& Al 5238 d $ dx, 8T/85%9
Aol 1000A1ZF A€ & 110T/85%°0 A 5941 T AASH 5dd AE A4S @ 5 A
4ot =99 A AMEGAAA A REHR vlwsr] Y5t AANA HE HREol
T2 989 12X 4FuFE A AARANEH AZGAY FES ANFsded, ANE 2y o
o HolHE FARFIN vud A LFEAFY F Ao ©E 549 wsld 9o
A Aol7t iAoy ALHFAFY LAl AFH Y F ol Aol AA zo)7}
E Aos wIAY. ULHEAPY A 106CE 7188 w T4 BEo AL 1ZFol
62%/1000ho.2 94t B-F 10%/1000he] Hleted oF 68 A& w2 Ao vElR:, 2TA}
olZFAIYY AL Ui FFY HE AHE2ED HQA -50ToAM 105Ce HHNAH 2T
400A o] S5t HSIAIZ A i REL 1] F % M= mAe] BAE R gtony Ak
FE9 A$ole 200x101E dlol 107] F 87419] Aol WA Y. o225y FA HEol
EZo vlgted e 9 2% #sto] izt WAool dFe ¢ £ U FF ol £
HE B8] 93ld 1L 2 2283 =EHAUL oo EA AN E FHAIE
Qtoll Wik A7t FEsojof & Rolr},

b
¥
e
o

[1] Meeker, W.Q. and Hahn, G.J.(1985), How to plan an accelerated life test - Some
Practical Guideline, ASQC Basic References in Quality Control: Statistical

Techniques, Volume. 10.
[2] = RAL 9 (1985), B REs-#% - &M, AREGE



