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SECTION I

ABSTRACT

Approximately seven hundred (700) 47 uf/35 Volt capacitors
w2re manufactured and tested in accordance with Alternate A
ol the proposal submitted and ultimately formalized as NASA
Coritract NAS 8-33424, As the various read-out intervals
occurred, the data was forwarded, as required, for informa-
tion and evalua%fon. The 2070 hour data is part of this
report,
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SECTION 2
DISCUSSION

Prior to the receipt of this contract, the use of surge current screening of
solid tantalum capacitors had been used to minimize turn-on type failures in
high current circuits. There was little background as to its effectiveness
under conditions of continuous turn-ons at elevated temperatures representing
extended life conditions. This included the use of surge current screening in
accordance with Mil-C-39003/3 as well as other user and manufacturer surge
current test procedures,

It is the objective of this contract to determine the effectiveness of short
term surge current screening on solid tantalum capacitors and to measure its
effect on parameters from 120 Hz to 40 KHz,

2, PROGRAM OF TEST

a.
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47 mfd - 35 volt capacitors were manufactured in the Sprague Electric,
Concord ,New Hampshive,facility in a line qualified to "S" level of Mil-
C-39003D.

After standard HYREL burn-in, Weibull proof testing, and DCL screening for
3 gigma distributions, 700 capacitors were received for test which repre—
sented two different sub lots.

The specialized test equipment was funded and manufactured "in house" by
Sprague Electric. -

The parts were suitably identified with this contract and were serialized.

A total of 528 parts were divided into two groups, designated "controls",
and "surge current screened",

Surge current screened parts were exposed to five cycles of surge current
at 25°C, ~55°C and +85°C prior to start of the test matrix.

Each major group of 264 parts was subdivided a5 follows: (See Figure 1)

Life Test 125°C 23 Volts 48 pieces
Life Test 125°C 0 Volts 48 pieces
Life Test 85°L 35 Volts 72. pieces
Cycled Life Test 125°C 23 Volts 96 pieces

All parts were mounted on 24 position test boards with a 1 amp fast blow
fuse in series with each capacitor so that the only resistance between
the power source and any of the capacitors was the fuse resistance of 0.2
ohms in series with each capacitor.

After mounting on test boards, capacitance, DF, and ESR was measured at
120 Hz, 1 KHz, and 40 KHz as well as DC leakage at 25°C and 85°C.
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h, The "Cycled Life Test" was run as follows:
125°C Constant thru test matrix
23V Cycled "on" for 50 minutes and "off" for 10 minutes
17amp  Power Supplies |
120000 Mfd energy storage banks
300 Ampere peak current on chaige into 1 board of 24 capacitors
at a time.
40 Microseconds to 300 ampere peak currents on 'charge”.

5 to 7% Voltage overshoot J
"Off" condition is discharge thru a short circuit
Figures 3 and 4 show the inrush curvent peak and voltage build up.

3. RESULTS OF 2000 HOUR TEST PROGRAM

The results of all of the testing is summarized in Tables 1 thru 4 and
Figures 2, 5 through 20,

The format provides average values and standard deviations of the parameters,
capacitance, dissipation factor and equivalent series resistance at 120 Hz,
1 KHz and 40 KHz,

DC leakages at 25°C and 85°C are shown in median values and ratios of maxi-
mum to median values which indicates the dispersion of the distribution.

Table 1, 85°C 35 Volt Life Test

This summary shows no significant difference to exist between the
controls and surge current screened parts.

Table 2, 125°C 23 Volt Life Test

In the control group, 1 blown fuse occurred at 1000 hours and 2 more
at 2000 hours for a cumulative total of 3 failures, while the surge
screened group had no failures. This result seems to indicate a bene- ]
ficial effect from surge current screening. £

Failure analysis indicated no assignable reason for the faillures to have
occurred. '

Failures at 125°C and 23 volts were unexpected, but it should be remem-
bered that these parts were run without a 3 ohm resistance in series as !
specified in Mil-C~-39003, and had only a 0.2 ohm 1 ampere fast blow fuse f
in series with each part. .

Since the definition of failure is a blown fuse irrespective of electrical {
parameters, one should consider the parameters on the three failed parts,
Which indicates 2 of the 3 blown fuse failures parts still meet all Mil-
C-39003 electrical limits.

The definition of a failure by one blown 1 ampere fuse is a worse case §
failure definition which occurs during a dielectric scintillation, since i
in some cases the dielectric will self heal after the first fuse blow,




. Table 3, 125°C‘0 Volt Shelf Test

Table 3 shows the high temperature storage or zero voltage shelf test
results.,

There does not appear to be any significant parameter differences between
the controls and the surge current screened parts.

Table 4, 125°C 23 Volts Cycled Life Test

Table 4 provides the summary of the surge currvent cyeled life test,

The failures tabulated in this Table are more definitively shown in
Figure 2,

Figure 2 shows diagrammatically, the location of each test board in the
oven, i.e.,, boards 1 and 5 being side by side at the top of the oven and
boards 4 and 8 being side by side at the bottom of the oven. Each block
shown as a "board" indicates the number of failures as a fraction, i.e.,
"2/24" meaning that 2 pieces out of the 24 on the board failed. The
nunerical "hours" indicates approximate times into the test that failures
occurred, since the fallures denoted by LED's, were not visually monitored
between 5 PM and 8 AM weekdays, and 5 PM Friday to 8 AM Monday, but the
time indications are never the less, of considerable interest as compared
to the normal life test readouts.

Performance differences indicated by blown fuses in the cyeled life tests
are more significant than for the normal life tests.

On the "Cycled Life Test'", one board at a time was energized from the
energy stotage banks so each board saw a fast 40 microsecond charge of
about 300 amperes peak, for 2000 charges at 23 Volts and 125°C, during
the 2000 hour test.

Results after 2000 hours show:

Contwol Group Surge Screened Group
4 Failuyes nut of 96 8 Failures out of 96

however, comparing sublots:

Sublot -Controi Group Surxge Screened Group
919825 3 Yallures out of 48 8 Failures out of 48
919827 1 Tailure out of 48 0 Failures out of 48

Comparing surge current cycling fallure rates observed in the testing per-
formed as outlined above with the Weibull (non-cycled) failure rate analysis
performed on each of the sublots indicates the following:

Sublot Control Group Screened Group Weibull
919825 4.17%/1000 Hrs 9,38%/1000 Hrs. 0.0021%/1000 Hrs
919827 2.08%/1000 Hrs 1.04%/1000 Hrs, 0.0085%/1000 Hrs

The above regults appear to be contradictory unless one remembers that static
testing (Weibull) is being compared to dynamic testing (cycled life).

S Y

r&l‘ p

s 20 b




96/8 paudasdg abung jojoy

8r/0 L28616° ojgns
ar/8 St8616 ojgng

£T8616
tojqns
wowiuw
3oad
“dwy 00
@2nog
uauny
abing
w \
ST8616 ]
jo|qn3
¥
z

ot ionr 1o nlikosaionisaiiniiiitel R lniaiialal aliasioiter Ealiak

rz/0

"$5dvZ ¥ gpoog

¥2/0

"2dyz ¥ £pioog
"SIH 6EL1
"SIH 1001
“SIH 676

YZ/v  s:H98g

"$25dyz ¥ 9pioog
“SIH 1451
“SIH €15
“SIH 162

YT/Y SO

"s2dyz ¥ gpioog

Q3IN3DS
INIHAND 30UNS

HO S3inuiy 01 — uQ sajnuyy o5

"S4H 0€0L
rz/t

"$dvz ¥ ypioog

¥Z/0

"s25dvz ¥ gpioog

‘SJH 1451
ve/t

"$5drz K zpioog

‘SIH 10Ol
"SIH §91
vz/e

g

'S5 dyz $ | pioog

STO¥INOD

SHOA €T

J0STL SINOH 000T 494}y SeIn|iny asng umojg
1531 3411 @INDAD

< Mg

4]

96/¥ s|o4uo) |ojo)
8v/1 78616  io)qns .
gv/€  §Z86l6  dojqng
W
128616 /
tojqns L
wnwiuy
‘)oad
-dwy oog
8cnog
juaiind
abing
¥
Sz8616
jojqng




e L e v S L,

0 L3°T2 ¢ O3S0 1G4 ¢ PPty
¢ 20°67 : SB2'0 &22°% : 040°8
Y 20°67 ¢ s£2°0 STE Y T 500
0 £S LT  £Ze*a STa'v * 8900
0 £r 32 ¢ £SO 263°C 3 250°0
JNILIYINKAD eS8 D652
CQIH/AXUH) OILVY 333 NVIASH
--5n01S 3ISAd—— —————————— (¥n) g e
SI0°0 ¢ 8S3I°0 100 : 2e2*0 880°0 * S&£°0
ST0°G * &5T°0 8500 ! 9£2°0 8£0°0 ¢ I148°0
*10°0 ¢ 393°0 0EG'0 ! Ot2°0 8£0°C * 20%°D
¥i0°0 ¢ &ST°0 0£0°9 * 8£2°0 ££6°0 * SO0
¥30'C : £93°C I£0°0  Lv2'0 8€0°0 * 200
ZHNOY ZHAT ZHERT
e 430 QLSITAV  (SKHO) UST ————— B ——
G48'Y ¢ $5°SOT 99°0 ¥ 91°9 830 : L2°T
$45°Y : ¥I°SOT s9'0 : g2° 030 : 92°%
&L%% T BE'SOT $3'0 1 £8*9 0%'0 ¢ &2°7
SIv“y : Ly °SOT 90 : 28°9Q 03°'0 2 DE'T
9L2*% * 00°SOT 99°0 ! £5°9 8F°0 * IE'T
ZHXOE ZHAT ZHOTY
————— (3C d1S:9AY (X)) ¥OLIVS NOILVJISSIQ —————
6172 ¢ 3292 £5°F * 9g°2r ¥S5°T ¢ 83'2r
23'2 ¢ se92 25°F t 4E°2Y £5°F * G4 2Y
£0°2 © g2 92 25°F t 2v 2% £5°Y & vA Tt
21°T : ar9z 2S°F & Lv2y ¥5°T t SLtey
11 BRI A At 261 ¢ gyrar vS°T ¢ autat
zHMOY ZHNT zHE2Y

e (0 ALSESAY

weee SALNNMO XEINIAZADES

KKK WL ADO 2l

(Fn) JTNVLIIVJIYD

e i o e e et

FEIRMOVEE e

s - pon € o~
SLTIONSGSSE: © &

LoERELA

L= a2t

ADAMS

T TT19VL
0 3%k P 1EEt §BL°G t 490°0
1 LLBE t LERte TLIF T 940" 0
2 Q2 0 ¢ 8GR o 93L 't * 990°'0
g PLUTE P SO0LT 0 G2E° vt ££0°0
o 2908 T gEvto S4%'% 1 S40°D
FOLLY 1ORND .52 JeS2
LAIM/XUY) LILYY 331 NuIqgau
~=SM0T1E ASMd—= oo YRy Jg———m——— —————
SI0°0 : ¥§T°0 ZeO°G 20 2r0'0 : £0b°0
SY8'G P v9TD 200°8 ¢ wvED TE0'0 : SOv° O
SI0°0 : 9970 2000 ¢ &bET 0 100 t SI¥'Q
vI0°0 ¢ Y910 IE0°0 ¢ 9H2°0 IH0'0 T 8I%°0
ST0°0 : &91°0 £20°0 : 652°C 840°0 ¢ 0g£Y°0
ZHNGY ZHHT z02y
R —— N3A ALS:9AY  (SWHO) ¥E3 ~——e—m————mm
103°9 : £4°£0% 20 & 989 21'0 & pe°y
248°'S t 85°90F £L°0 ¢ vY¥ 9 270 62°%
SI8°S ! +£°90% vL0 P 95°9 2500 : ge°F
9LL°S ¢ £L°90T 220 ¢ 059 210 ¢t ve'y
£89°S ! 0/'90% 9'0 ¢ £8'9 €10 ¢ 88°¥
ZHUOL ZHAT Toznegy
||||| N3G ALS:9AY () ¥0LIYS NOTLVJISSIA ————-
202 : apr9e (SRR SRR 17 sk : ggtzy
£6°1 ¢ £8°52 vYtT L0 et QY 4EEY
98°7 t §y's2 TR IR 4 1% St'T ! gvcEY
67T : &3°S8 ¥r 3t 91°Tb 9t°7 t g5av
£8°Y - 41762 #HT 2 §T2L b 1 ¢ §S 2L
zi0 e ZHHT ZHOEY
xxxxxxxxx ALY ALISIHAY  (40) TINYLIIAY]) —————ee
B =V W T B 10 S B Y Y o Ton RSP
e LEEILL LT mmamas

WD ADIETLE

HEIMODW A IS KORK K

qooe
gooT
005
ase

goge
oanty
005
0se

goge
goey
0gs
ase

ogoe
006y
085
052

synau




- o T R O 1

4 7 4719VL
0 wo.m?»u Py AN ] £ELS 2 a0 z LBy LI 358 LI ee'y Q400 gu02
Q. Sy ES T ¥220 &6 T 4S0° 0 3 D72 T 5= S (2 5 Sl B0°£LT T 590° 0 naay
1] grtLe ¢+ og92to NS4S ¢ Y200 3] 104y ¢ 2¢nt0 bt Y £99'0 [1513Y
8 gece + greto caA0*S  f49n°0 a 20748 Y 4sELt U &Ly LV Te0Q ase
8 Q48T ¢ ¥8f°s 298t : £30°0 f LETVE QL0 ¥9°q ¢ T&0°D0 a
IATLIYINHNND J:58 i Tar s ANIIYTINUNT 3.58 J.52
(A3R/XYHY OILYY 33 NUIgaw ) CQEHZXYHY GILDY 10 NYIA3NW
--SH01d 36Nd-— ———————————— I} Y[ --SNMo0TId As0d-— et e e L YA ) ] e e e
|
L2088 ¢ 9L3°0 S+0°0 & pS2°6 Z90°0¢ : 89¢°0 . S20°0 2 BLTC0 8+0°'0 : 2%2°1 QLE"D ¢ 890 Q09 M
N ced"o 2 &931°0 3100 ¢ ¢¥2°0 &50°0 * 9¥¥‘Q ech't ¢ 89710 00 ¢ £tE°0 L300 bbbt gaoy ;m
&30°8 ¢ ¥91°0 &EB*Q 2 LZE0 £S0°0 ¢ ¢2+°0 : 620°0 ¢ 9T Ive 0 & 25220 TF0°8R 1 S2%° 06 [LF 5 i
8366 ¢ 0910 L7800 ¢ IES"Q 8S0°0 * ATe°O 8¥I0°0 * 4570 SR8 ¢ feaT o LS00 ¢ g2Stto (13954
S30°0 * £49%°0 Y£0°0 2 £S2°0 crng * +Iv°o 23870 ¢ 8970 LEG0 ¢ L5200 4400 ¢ HILCQ i}
. 2ROV ZHAY ZHOCT 2Dy ZHAT zZH 02T
H ——nmemmem————— 0 QLSOAY (SHHO) UYST ——emmmmmmee e 0N3Qq Q*Wuwbc (SHUHO)Y Y8TF ~—~—mmmm—me
L
3323 : 3%°62T sS40 * 89°9 L1 ¢ gty S8'1IT & £S°817 £0°Y ¥ £5°'9 020 * 8v°3 gaoe
£3°0% ¢ 237413 880 ¢ 9% S¥'0 ¢ IP°T £&°6  ¥L°9TT 50 T LR9 710 ¢ 2+°7 2007
FA 3] r &0°21Y 28°0 : 439 £3°0 ¢ +E°T . 288  48B°'CTY 880 ¢ Qg9 10 sy . 00s
8S*Z % IT°IIT gL t S0°9 23'0 ¢ £e°% v L P E8°01IT £80 * 939 QT°0 : &'y 08e
88 "¢ ¢ £4°S0% 343 * 89°9 g%'0 : 28°°%7F 85y ¢ 5£°S507 8§L4°0 ¢ LL°9 23 2% 4]
IIN0Y ZHRT ZHE2T ZHABY ZHUNAT T ozHezT
—-———— 030 G1S:90Y (%) 30103%3 NOILYJISSIQ —~———- ————— A4 §15:90nY {Z) ¥0OLJ¥%d NOILV4ISSIg ————-
1
I /
m &2 * £5°42 S53°T * £58'1% ¥9*} * 10°2¢ 8&'2 g9 /42 VA S PV $ $S°T  97°EL a4a6¢e
' 882 * 8842 £9°T 2 IL°3¢% 29*'% ISy Q4°2 ' 9442 £5°Y ¢ s8I IS8y ¢ 92 2% 00o7y
; bth L 2 A S2°7 + I8 I¢ 3I9*F 1 gy¥Tey £8°2 + 14L42 IS*'T ¢ €5°1¢% T ¢ o1I8teh 008
m I8°2 : 48°42 29°T t £4tIY 29°F t &ztav 082 * 8322 0S°F * So'2b &v°T ¢ BY Tk sz
: ge*e * 2¥°S2 45°T ¢ Ty 49y : vty ¥Iete + sa2'se By 1 ¢ TCaL LT 1 ogstedy i}
w 2HIDY Y ZH02Y ZHAOY ZHAT THOZT SUnon
_ ————-m=-= 30 QIS:0AY  (30) FINVLIGYAYD ——mmwm=— = e N33 GLST9AY  (40) JONYLIOWAY] —————m—m
J —— SLINM QINIHADES  EHO UG —— s S LN IO BMANIDIT e oo oo e e
n mromsn GLTIDOEE C OBE T wem LSEIL Sl L s

~d L

MMMK WWADNC Rl ASHL ANIAJAUMND ZDAUMS DT ALDIINUE SO S KKK

ORI 8




--Sn07g 3shnd--

g SECZ 09" E EECUT & et g
a 815 : 900"} VAL A
a 81y = 27O &5°1  F gaste
9 £L°L 842D QLY P 260t n
8 ££°LY ¢ 06278 LT S 111
30IIVROD 358 Jenl
CGI/XUR) OIIVYE 23 NYIA3W

SUSIRIRBEREVINIRIIVI'S YT, 5 Wy T ' PR,

e2ete * w410 £40°0 * &ST°0 0LB"0 * 69v0
206 2 L9T0 Ir0‘0 * e¥2°C 29070 2 2¥r 0
83¥8°0 * £91°0 &E0°0 2 9g2°0 *S0°0 ¢ 8Iv°0
L1086 ¢ 65170 L£0°0 ¢ 1E2TO H%0°0  43Iv0
ST8"0 : 891°8 9£0°0 * 45270 2vsn  AIvC0
Ea1) 41 ZHAT ZHO2Y
———————— 30 LSOOV (SHEO) UYBI ———mmmmmmm
981°8 * 25°8IT £6°C * 65°9 8¥°0 ¥ 8¥%'%
&5Q°L * ¥9°E1\Y €80 * ££°9 918 * 4ETY
£98°9 * L9771 ¢80 * £L1°9 £1'0 * 2E°Y
&25°S * 85°847F &40 * S8t 230 * g%
L¥St Y t 8B°vOT QLB * L9 gT"0 ¢ FE°Y
ZHNaY ZHAT ZHeET
————— A CLS:O0Y (%) 301393 NOIIWdISSId -w———

¥8°2 * 2v LT £L'Y 5 SFTIE SLTT P LRIV
M eg e * ¥t FLF O 6571 LA ST R 44
| £8°2 * 85742 L 740 LI YA £ 5 gL°% ¢ LBUEv
cLt2 * evtiR GL°F F G071 LA SIS 4
812 : 18°se 82T * &&"T% gty  gErZY
ZHNEY THNYT ZHGESY
? ———————— O30 CLS30Y 3Ny FANULIOUVEY) - rommmm

DR
¥y

———— SAILENNMN

AENZEZADS AW ME

MK W ADO 2t LSEL

mranuz SGLTION0 TASHET

Lo R 2D

€ I19VL i
[ PETET T 06T &70°48 1 2r5°g
o I1°9 T JoUy cug T * 3150
4 P SE s ST #3400 607 * S52° ¢
o ARSI T L £66°€ 1 48000
il GO°3T T 2avro 2e3°€ ¢ Z0F3° 0
FAT LY MNNTD D58 J.se
CIAH/XYHY OLLYY 47 NYIQ3W
s 3 A 211 I T & ¥ W e 11 o
I€0°0 * 3SI°0 2500 * 65°0 SL0°0 3 02¢°0
STO'0 * RLVUO eLO*0 * E¥E" D £90°80 : ££¥°Q
220°0 ' S9T°0 et : €Fet0 SG0°C T HIv‘0
020D * &445°0 2700 ¢ 4236 850°0 : v0&°0
8I0°G * 8FT°Q 2CO*0 P ¥SET0 gyg*0 ¢ 80%°0
ey ZHAT 02T
e A ALH29AY (SHHE) ¥ST ————m—m e
TL42Y : f£2°52% g8*T * 94°9 120 t &%°F
23°07 * 8147 06°9 1 vE'9 LI°0 * &42°F
. £€°8 t G0°STV 480 ¢ £1°9 170 : I£°73
0L % SO'GTY £3°0 : 00°9 £1°0 t &2°
40°S t 2G ST £8°0 ' €4'9 2170 ¢ I£°Y
I ZHAT 2H8EY
——— (G JL1STAAY (Z) HOLOVUA NOILVJISSIA ————-
20°E  LaT4e P20 SRR (1 2 £73 1S 3V : £2°8
16°2 * s2°82 65T ¢ S4°IF 95°1 : s&'cY
g8 2 * &4bge 65°T : 80°2% 051 ¢ Lee
g g3t L2 857 t Tauv 86°7 : L5°2t
g2t sETse U SRR 2 Shid 2 4¢3 * 99-2¢
A0 ZHNT THESY
——memee - AT ALS39AY (30) AOMVLIOYEY] ———————e
R - I W o N T i TUOIR L CITY oo e e e
e JEITERL. BTN smramemas
TSI AUMES DL D ALDITUE I A G SR K K

1113174
pool
0gs
i pYsd

gope
0qa07

0es
0se

goge
0go07y
00s
8Se

ague
0oy
aos
05c

o e e e

SUNagH

v9‘-_:;

s

-

oy

-




L T TR

T

-] % ITIVL
8 I¥ 8T 3 GEE°D E3 S AE I BENR FU N v PR i 3= AR 2207 ¢ Y070
s TR 1 S62'a Gpite gLt t BARED BN U EAS)] SO AV AR FX B
Qe €2 L8 3 seTt0 +6TS T auete % £1°8S gL 0 &0°8 600
3 G LT 992" BERG I GAGD 1 ISARE T A S W A £2°S 400
[ 9342 * 2GS0 9EE"S T ¥SAt0 o 13 AP FASEE 9 940°0
SAT1YRND 358 Desiad FATIV RO 258 J.52
CO//XYM) DBILVY 233 NOITI CUANAXUNY OIIYY 131 RuId3au
e TN e 3 ORI £ 018 Y o |t S —" ~=Sn0M 3SAd-—  c————————— (gny I-———mm— e
£20°0 : $9%'8 Ivg 2 : bE2"0 age-0 * ILL‘o 2200 TLV'E LE06°0 * 4¢3 0 +50°0 * £5¢°0
2za‘e * 2930 &20°0 : 8220 +S0°8 * FIYQ 80280 t 89310 520°0 ¢ 2e2* &¥0°0 ¢ SEY*Q
g2se @ SS90 +£8°0 * Qg2 0 |Lo*s * gotv o &T0°0 * T£TQ 00 1 o9ves L6070 P v2Ht0
L3070 3 45T 0 2870 : 2zate Zra* 0 : 2420 L300 * 59370 ££0°0 * 9E2°0 SYG*0 ¥ PIYD
8389 ¢ £97°0 2£6°0 * ar2e orRg ¢ Yorto SIQ*0 * £4%1°0 2E£0°0 ¢ T9:"g ag6°0 3 92H 1
B+ AT zHeay ZRNOE ZHAT 2K0CY

e e A0 QISIOAY  (SHHO) UTT mmmm e

86°0T : BS"61Y 310°7 : 929 850 * 0¥°7
£8°4 3 £8°9I3 £&°8 * %9 £T"8 = 5£°Y%
826 *t ¥ETLIT ¥8°0 * L3°% 510 @ I2°%
8E£'8 * 08°E13 8L 8 * £4°S £¥'9 t 82}
22" T Ivtiel &£°8 ¢ ¥5°9 er'g & 277
THNGY ZHAT ZHRZY

————- 030 CIS90Y (Z) U0LI¥L NOXIVJIGSIE -~ ~m—m

¥8°e * 88°82 880 * ¥9°2k &L70 * L0CLE
656°F & 18°B agn * 942y L4780 HTtey
&8°F * ¢5°82 &L * BACk &Lt 3 LTCEY
£8°% * 2882 4478 * F&er 688 & LY
45T * g¥t92 @8°6 * 91£r 420  LvrEd
IHAOY AT THEST

e (30 G1STOOY ARy JANVEITIIVAY Y -~

X -

e SALLNC CENIZADE HSAOS

332 3T 2%l

AOKOIKIK NS ADOI 2N el LSELLL

SALTTQONEE * Os&T

I U e n A I B i B

e e 436 Q1S:90Y

(SHHO) ¥ST —~——mmmmmme e

- LI°TT i 88413 £8°8  S¢°9 ST°0 : 2T
* &T°0F ¢ 8L SIT 180 ¢ 42'9 £3°0 T 28°F
- €6 T £3HIT z8'h * &L £I'0 ¢ £E°T
o S5¢°8 * I4°27T 9L0 * S1°9 210 ¢ I£°%
8S°S ! ¥S°90¥ r4°0 ¢ %89 T10 1 SE'Y
2108 ZHXT © THO2T
mw nnnnn NI 4LS:9nY #) H01J¥d NOILIW4ISSIA ————m
Tt e 07T * ed'iv FA R SR TAR £
FA S-SR L Ar FOF ¢ Db TN S2'F ¢ BZ Tt
IT'T - ¢at9e 0% OIvC It PO ¢ LT
i3RI S 135 SEEIE LA 9 FR°T O TI&TTY
8L°F ¢ pEte2 LT 2 Litib [ 3 TR -2
3 TphtS ZHHT zHoaT
e - ATE QLSINAY £30) JOHYLIIOUGE] —m—————m
RPN <% W o N\ B o S BTG N ' o SR SRR,
Cemee LESELL D OHSETT QUETIOIALD) s
D BOIE DL BULDITIE MW 2 IS KNOK K

aane
a0y
00s
ase

goauc
0gov
005
ase

cooz
000y
045
8582

0goe
BOoY
84S

gse

SynoH

%

¥
:

Fyif
BT S

y

o
il
W,

TEOTN
LI
R

3
T P

‘.
VB

~10=~




o

4

5.

As praviously explained, Figure 2 shows diagramstically the location of the
test boards in the oven. At the 500 hour readout of the cycled life test,

a temperature profile was made on the top boards where early failures was
noted. The top two boards were found to have been running at 135°C instead of
125°C due to radiation from the heaters at the top of the oven., Heat baffles
were installed witer 500 hours so that all boards operated at 125°C aftar that,

GENERAL OBSERVATIONS

a, 40 KHz capacitance increased almost 10% on all 125°C tests with most of the
increase occuring before 250 hours,

b, 40 KHz capacitance increased only 2.5% on the 85°C tests with most of the
increase occuring before 250 hours.

¢, 120 Hz capasitance remained almost unchanged on both 85°C and 125°C tests,

d, Equivalent series resistance (ESR) at 40 KHz remained almost unchanged on
all tests including the severe cycle life tests with the high current
charging and discharging.

e. D,C. leakage at 25°C, decreased on all tests except the 125°C, zero voltage
shelf test where it increased by a factor approaching 5 times,

f. D.C. leakage at 85°C decreased on all tests except the 125°C, zexo yvoltage
shelf test where it increased more than 1.5 times its original value.

g. D.C. leakage degradation on the 125°C, zero voltage shelf test has a much
greater effect on the lower levels of DCL at 25°C than on the higher +85°C
DCL levels.,

CONCLUSIONS

1. The cycled life test appears to indicate that surge current screening did
not improve the performance of parts on the steady 125°C on/off test and
that the controls had less failures.

Analysis of the numbexrs of faillures statistically however, shows that the
difiference between the two sides is not significant,

Separation of the two sides of the test into thelr respective sublots <oes
indicate that one lot is superior to the other lot on the cycled life test,
eventhough our standard methods of lot evaluation indicated just the opposite.

The results on the cycled life test would likely have been more definitive if
the surge current screening and cycled life tests were performed on the same
equipment and over the same low to high temperature range wilth continuous
monitoring of all events, temperatures, currznts and voltages thru out the
2000 hours.

2., The cycled life test appears to indicate that performance differences can
exist between the two sublots that made up the matrix eventhough normal sub-
lot testing, Weibull accelerated testing and conventional 85°C and 125°C

" life testing did not indicate that these sublots were different. The
details shown in Figure 2 would make it appear that surge current screening
aggravated sublot 919825 since there were eight failures out of 48 pieces
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(8/48) which were surge current screened and only three failu out of

48 pleces (3/48) which were not surge current screened, In thitcase of
sublot 919827 the opposite appeared to occur, That is, there ware no
failures out of 48 pieces (0/48) which were surge current scraened, while
there was one failure out of 48 pieces (1/48) which were not surge current
screened, From a statistical point of +iew, there is no significant
differences between 0/48 and 1/48 if na other information is available,
This is not true when comparing 8/48 with 3/48.

The differences between the two sublots could have been significantly
affected by a temperature gradient problem encountered early in the test
program. It was found that the upper test boards were subjected to approxi-
mately 135°C during the first 500 hours. This may have a bearing on the
difference between the sublots but not between screened and non-screened
test boards,

Xt should be kept in mind that the suxge current screening was done at -55°C,
+25°C and +85°C whereas the cycled life test was performed at +125°C. Had
the cycled life tests repeated the same temperature excursions as the surge
current screening test, the vesults may have been more sharply defined.

3. The design of the surge current test facility for maximum current inrush
while minimizing voltage overshoot was achieved as shown in Figures 3 & 4,
These are typical of the results achieved on allboard positions, It can
be seen that an average of about 14 amps peak inrush per capacitor was
reached in about 40 microseconds with only about 5 to 7% voltage overshoot.
This rate of rise of current with respect to time is much higher than would
be encountered in actual applications, thus a more severe test condicion.

4. Overall, it is not realistic to attempt to draw a firm conclusion as to the
effectiveness of a surge current screen on solid tantalum capacitors based
on the conditions described herein because of the small number of failures.

RECOMMENDATTIONS

In order to provide a more realistic §§§ defimitive evaluation of surge current
screening, it appears that the cycled Tifs t&®t should be modified to include
temperature cycling as well as voltage ¢ #ling., Since mechanical stresses on
the dielectric are proportipnal to the square of the voltage applied, it appears
that a more severe set of conditions would be desirable to determine if this was
a factor in "turn-on" failures, Therefore, it is recommended that full rated
voltage at 85°C be used instead of two-thirds rated voltage at 25°C, Turther,
since the surge current screening was performed at -55°C, +25°C and +85°C, to
more nearly approximate actual use conditions, the temperature cycling during
1ife should also cover the same extremes of temperature of -55°C and +85°C,

An engineering change proposal has been submiq%&@ covering these recommendations.
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