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Voltage transient characteristics and microscopic mechanism
of tantalum capacitors under impact load
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(1. School of Chemical and Blasting Engineering, Anhui University of Science and Technology,
Huainan 232001, Anhui, China,

2. Sinosteel Maanshan General Institute of Mining Research Co., Ltd., Maanshan 243000, Anhui, China)

Abstract: To investigate the failure mechanism of tantalum capacitors under shock loads, shock experiments were conducted
on tantalum capacitors using shock waves generated by underwater explosions with an electronic detonator. Five groups of
experiments with different shock intensities were designed by varying the distance between the capacitor and the electronic
detonator. The transient voltage characteristics of tantalum capacitors under different intensity shock loads were studied. The
voltage variations of tantalum capacitors were explained based on the changes in internal leakage current and external charging
current, and the failure modes of tantalum capacitors were analyzed. Scanning electron microscopy was utilized to observe the
microstructure of damaged areas in tantalum capacitors and the micro-failure mechanisms of tantalum capacitors under shock
loads were discussed. The results indicate that tantalum capacitors experience short-circuit failures after shocks, with a
significant decrease in voltage initially, followed by a slow rise and self-recovery. As the shock wave overpressure increases,
the probability of tantalum capacitor failure increases, with a critical overpressure threshold of approximately 32 MPa.

Different types of voltage variations correspond to different failure modes, including instant self-recovery after breakdown,
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slow self-recovery after breakdown, and repetitive breakdown with self-recovery. Different types of voltage variations exhibit
significant differences in the peak values of initial leakage currents, with the first type ranging from 2.5 A to 5 A, the second
type ranging from 1 A to 2 A, and the third type ranging from 8 A to 9 A. Moreover, larger peak values of leakage currents
result in narrower peak widths. The micro-failure mechanisms of tantalum capacitors under shock loads include the
propagation of microcracks within the oxide film leading to excessive local electric field strength and breakdown, impurities
and surrounding crystalline oxide film protruding to form conductive channels in the region of thinner oxide film, and the
formation of through-cracks followed by gas ionization leading to breakdown.

Keywords: tantalum capacitor; shock loading; underwater explosion; electronic detonator
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Fig. 1 Experimental test system
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Table 2 Shock wave overpressures at different distances

Wit /M Pa
HE & /cm - - - whil PR T4 /MPa
b elllls 2N 3 Y
13 38.627 38.045 38.557 38.410
14 36.157 37.219 36.358 36.578
15 31.974 32312 31.845 32.044
16 30.146 29.418 29.022 29.529
19 24719 25.767 25.057 25.181

043101-3



5 44 % FHIR, A bR T B A 0 i R A AR S L B %4

1/3\ @
Pm = k(QR/ > M 42 A Measured value

S py, S WA VR, © W K2R, R gl e
TS S R0 Z A B BT, kR o 2330 5 5 0
GIPSEES SR8 s 3}

— % 8 BT PRI TNT 250 1 g, = 30}
$08 1 g TNT 76K FHHESEFTIE DU TSE, & 5 l
a S3IHL52.27 R 1130 4 ks DR s 1y S U 4
13 Cole £y X B ISR AT AT I, Al 3 23.1-2 003 014 015 016 017 018 0.19
B RTRAE ), b i s 0 SR S A R/m
BOWFEE, BRZEAEE B I Y, Rk ol 92508 FI3 oM R S S A
BHEHA. Fig. 3 Comparison of calculated and measured
2.2 ;':P ﬁ%ﬁﬁ‘l‘ﬁ’\] EE, Eﬁfiﬁ‘-ﬁ'ﬁ% shock wave overpressures

T IR S5 25 S A A3 TR B, R B A3 H AR Ak il 2 A AR IR . b B A R A Y LR
AR 73 3 2, ATE] 4(b)~(d) Firzn o 18] 4(a) s 1E by 80t B B FL A A R R R AR AR AE

T 2 e AR £k i 28 U0 P 4(b), 45 0 ok v R A S B v o AHFR 2500 4 FLFE A 25,000V, 78 3% 31 oif
i BT S RS — i %, o R R A W e R R, 280 1.13 ms T B R AR R A 5.178 V., FifiJi5 HiL R T
I ETE, b TR AR R TR S, 24 25.00 ms I H R SEAR B BRI A K, R B TR AR A
FF O — M e e i A

25 25
20+ 20
2 z
& &
s 15 s 15
S =
10 10
5 Sr
0 10 20 30 40 50 =5 0 5 10 15 20 25 30
Time/ms Time/ms
(a) Normal operating voltage (b) Type I
25 25
20 20
z z
215t 2 r
c G
> Z 10k
10
5 -
5 -
1 1 1 1 1 1 1 O 1 1 1 1 1 1
0 10 20 30 40 50 60 -10 0 10 20 30 40 50 60
Time/ms Time/ms
(c) Type II (d) Type I

K4 il T AL A RO R AR N 2R

Fig. 4 Voltage change curves of a tantalum capacitor under impact load

043101-4



5 44 % FHIR, A bR T B A 0 i R A AR S L B o4

I 2 Hy ARk T 2 LI 4(c), A e L R SR AR, AR5 TR AR P e 3l — Bt 1l J5 #5 E 7o T
2.20 ms FFEZFANHE A 6.404 V, B R AEBRARIK 4R35 24 20 ms, WA ML R e & LR /MR BE % 5,
RGBT, 5 1 28d A fh 2k L Tk f— 3k

T 2 AR b 28 DL 1] 4(d), 45 R B &R 2%, R T B TF, W& 5 T 38d R Asfhih 2k
AR R A B B o 32 il A PG BH R 25 0 R DR T I, B 0.49 ms R & 1.925 v, Fifi 5 FLR7E I
T2 17.102 F120.002 V B B 2 TR, S Jq — IR FREIGTE 6.651 V U512 4.50 ms, fe 2L R K
B 2VHKF.

3 PP A H A AL 34 R WA L 25 A op el B R R B T BRI R RO S . FUEIBRIE) T R R
& TR NS 1 O B N A N S S L R E I 0 113 W SN N P B ) A s e L S
e BIAHLZ Ta,0, MR R T 7 28, EUH B 2R3

XF A b 3 AR AL AR A R S TR S R A B R AT ge i, niEl 5 TR o

SIS I FIR, YA A 5 R R Y R
19 F1 16 cm B, 20 L 25 H R 3 A R AR 4k, 23K 10

HER R 0%, YIS 15 cm B, 10 R apd; oL 8 ggg:‘"

Scd A S Uk A S A, S 50%, 7 [ Type I

PE S wch BB R 4 32.004 MPa.  H L AT L, wpik g 6 —

W S G H S B R B0 I TR 1 2 = |

32 MPa. Bl 4 L 2 SRR 1B 25 =

WL/, e A0k 5 0K, L P 7 A 2t

ZHIK. | | o o
B 25 o B P A, 3 D o PR Ml T s 16 1

f BB 26 5 A7 80 B L 20 Y KB K A Pistance/em

1 K AR 5 L 55%, Jik B 2 () — P e, s AR A TR A A 7 S AR

AR BEEST H AAm
Fig. 5 Frequencies of different types of voltage changes

JEASAR AL, o2 26 T2 R84k, 43331
i1 35% F110%, Horb T 28 i R AR AL 25 5 TE 8K . . ) .

occurring at different horizontal distances between tantalum
sef e B AR T R capacitor and explosion source

3 BERt SRR ALIE

3.1 H[EERTHIE
il B R R AR A S E AR AR /)N, BT Z & AN, o sk A P 25 VR o PR - R AR B A R e R AR E
ke, Ho Ay A AR AR R A5 09 7 L AL . AT PN B T EE EL IR

E-U
I.=—— 2
=2 @
du
L=C— -1, 3
= 3)

A ESHRIRAE, U 98 R A P i R, R g IR B EEAE, C MR A A .

25 38 R R I R T T L PR U P, AR rL AT T B AR R, R b T 2 A R R U/ T TR R R RS AR AR R
TR, FUHS T s 4 70 r P A R s plL P DR AT S I, A L RLTRORAR o 8] 3 rp 3 RS TR A v e Al il £ T
XERLAY I, AL AZAE NP 6(b)~ (d) B o 5] 6(a) Z27i thii ZUr VR T T 78 L FEL IR S5 000 R L U B4R HH AR A

P 6(b) XL T Zerg A8 fb o 3 T 28 H A Ak T B It PR 48 F 2 7 oo 80 7 T S AL Bt
o, 1 G B TF IR E D 2.896 Ao KR B0 R R T A BB MnO,, e Az B 8 AR A e BELAEL Y Min, O,
Mn, O, 3% 2 T FLEIH B AT 1 FL 5 A9 56 A2 1Y, JF LWL 375 BE A [t 0 s 1 A% sl R T, PRI 7, 2 3 0

043101-5



5 44 % FHIR, A bR T B A 0 i R A AR S L B %4

ELU U P 1, b THIR L 7 b D W, o015 o 2 P 40 R, T 1 JF A T,
I B TR LA, B R AR, PR R 5,178 V, U 1 kBN BT 1,4k
S/, 75 1.68 ms I FFEZE 0.4 mA, ST EL BB ASE L T . i T 1> 1, AL, Ik
Th BEAFRIE LT T, RSN, L A T 5

[ 6(c) 3 T 36H FEA PRI . 1, M0 1.503 A, BB S I K306 AU A3 KOS, 1, i
/I, 1, AL 6 L5 15 4L 2 D 9522 88K TSR, e B oot ARG . 6 7, 15 1, 58T
T 1 RAREEWN, TR L6 1, b F . BT Min,O, A% A 95 G U, v 2658 4
LR L 5 7 D 2, B AR T . AV SE T 9 20.00 ms R, 1 S48 T
1.6 mA. WM BT 35 T L, U T T 1> £, B H IR I 1T 1, QB2 1T i3 20
A, HETH 5.

P 6(c) 4 W2 FEAS O PP L S 28 52 el W LIS T 8.254 A, K L
PR TER, M TR LIS 0, S A . £ 1,5 1YL R, R TG LT,
TR 1 BRI, VR 0.269 A. KR EUK I AUR, FULILI4 S REIF AT SERAL, 7615
SRS 0L T, FRUCAZE Tl 5F, Lk SR RC | Wk A B B K A, R
1 TPE 20,002 V AR T 3 U5, 545 2 Yt SR TR b, 45 3 Ut PRI, RIS 2 Y
A, PO AR — BRI . 1 150 3 U F W e T T 378 o 1 (265 1, F oo i e
G, I TFFLE T 20 4.50 ms, R FES A MR IR . KRS 3 Uit 07, LI IBE N 402 3
AUREL . PRI ISR T 1 250 T 235 FE B A o TR 0 025 (LT 40, 1
C

1.2
= Charge current 30 —— Charge current
1.0+ Leak current Leak current
2.5+
0.8
20F
< ost g :
= = ~
5] O 15¢F \
=) g
S 04r 3 " \
1.0+ E |
02F / 0 05 1.0 1.5 20 25
05F! H Time/ms
0 ;
_0'2 1 1 1 1 1 -I --I-_ 1 1 1 1 1 1
0 10 20 30 40 50 0 2 4 6 8 10 12 14
Time/ms Time/ms
(a) Normal working current (b) Type 1
—— Charge current —— Charge current
L6 Leak current 8r Leak current
0.4
12+ % 03} | 6 g
< 202 e g 2
g 3 | 5 S
2 0.8 0.1 24
=] ol =
© -05 05 15 25 35 © 2
04F - »—/ Time/ms 2rF /
0r ' 0r Jt:“bb'_b‘—
0 10 20 30 40 0 5 10 15 20 25 30 35
Time/ms Time/ms
(c) Type I (d) Type Il

Ko whifidfir FiRra- e i 2k

Fig. 6 Change curves of leak and charge currents under impact load
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Fig. 8 Topography of tantalum capacitor damage site
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Fig. 9 Failure-repair mechanism of tantalum capacitors under impact loads
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