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1.0 INTRODUCTION .

Wet slug'tantalum capacitbr failures were experienced in the Apollo
Telescope Mount (ATM) during system teéts. The NASA Marshéll Space Flight
Center (MSFC) organized a team in late 1972 to investigaﬁelthése failufes
aﬁd invitéd representativesyéf both the Viking Project Office (VPO) and the
Martin Marietta Corporation (MMC)‘to participate, vBoth the VPO and MMﬁ had
expreésed severai c§ﬁcérns over these‘wet slug failures since the ATM
application was similar to Vikiﬁg apélications. These’concerns were:

A, What are the effects on the electrical performance characteristics
of wet slug téﬁtalum capacitors when they are subjected to ripple
current over an extended period of time?

B. What are the characteristics of internal siiver migration as

| a function of ripple current applicationbfor én\extended'period
of time? and, |
C. Does a ”meﬁo?y“ effect ékist in wet slug tantalum capacitors, i.e.,
| will a wet slug fail in the "short'" mode if it‘is squected to a
vgltage stress (dc) farlbelow its rated value for aﬁ extended
period of time and then subjected to a voltage étress at or néar
its rated value?
’Because very limited factual application data, considerable opinion
and mﬁch séeculation exists in the Aeroépace indﬁstry regarding proper
appliéation of wet slug tantalum’capacitors and the fact that the Viking

Lander employs wet slugs in 118 different applications, 77 of which involve

1 This investigation is summarized in IBM Report No. 73W-00050, dated 3 Jan. 1973



some level of ripple current, the VPO and MMC decided to initiate a test
program. The test program was designed to provide conclusive answers for
the three concerns identified above and was performed jointly byrthe Flight
Instfumentation Division (FID) of Langley’Researéh Center (LRC) and MMC.

1.1 Purpose and Scope

The’burpose of this reporf is to describe the approach taken and the
reéultant findings of the MMC portion of the Wet Slug Capacitor Test
Program. The following objectives were established in order to adequately
scope the effect of ripple current and low/high dc voltage stress in Viking
applications: | |

A, Subjecﬁ selected Viking wet slug tantalum capacitors (MIL-C-39006,
CLR 65 style manufactured by General Electric) to dc voltage,
ripple current and environmental stresses which closely dupli-
cate actual Viking Lander applications’énd critically evaluate
rtheir electrical pérformance; |

B. Perform an internal analysis of several test specimen capacitors
selected at raﬁdom from those used inv(A) ébo§e to in&estigate
the silver migration pﬁenomena;

C. Determine if the so célled "memory effect' exists in wet slug
tantalum capacitérs;

D. Expand the wet slug taﬁtalum capacitor test program to include
selected MIL~-C-39006, CLR 25, wet foil capacitors since ﬁhese
were replacemenﬁ candidates for the wet slug should the wet
slug test.program yi;ld“negative results, Also,wet foil capa-~
citors are currently being used in a few fipple current applica-

tions in the Lander.



1.2 Summary

The application of tantalum capacitors in the Viking Lander in-
cludes both dc voltage and ripple current electrical stress, high tempera-
ture during non-operating times (sterilization), and high vibration and
shock. loads. The capacitors must survive these severe environments without
any degradation if reliable performance is to be achieved.

A test program was established to evaluéte both wet slug tantalum
and wet foil capacitors under conditions accurately duplicating actual
Viking applications. Included in the test program was a special test to
determine if wet slug tantalum céps did exhibit a memory effect. The
ripple test program was performed in two phases. The first phase, the re-
sults of which are reported herein, involved subjecting capacitors to
electrical and environmental stresses of the same levels and durations as
typical Viking applications.

The second phase of the test program (The results of which will be re-
ported in Volume II) is the search for indications of silver migration in
the wet slug caps. Included will be the effects of that migration on the
electrical characteristics and performance of the capacitors.

No degradation of wet slug tantalum capacitors was detected due to
ripple current. The electrical performance and silver migration data
developed by MMC indicate that all current Viking applications are within
the capability of this type of part. Supplemental test data developed
by the LRC FID corroborates these findings.

The wet slug tantalum capacitors did exhibit excessive current leakage
after exposure to vibration. The cause of this current leakage was traced

. to movement of the tantalum slug within the silver case. A modification
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consisting of a second crimp near the bottom of the capacitor's case was

developed by MMC and General Electric. This second crimp forces the spider

- to hold the slug much more tightly than in conventional capaci;ors and

thereby prevents the slug from moving during vibration. This modification
is not expected to alter a capacitor's ability to withstand ripple current;
however, additional testing (requalification) is underway to ensure that
there is no effect due to the double crimp.

No‘indication that a memory effect exists in wet slug tantalum
capacitors was detected. Exposure of test specimens to a dc voltage stress
equal to 13.47% of rated voltage for 1000 hours and then abruptly subjecting
the test specimens to rated voltage stress did not induce any anomolous
indications.

No degradation of wet foil capacitors was detected after exposure to
voltage, ripple current and environmental stresses which were identical to
the stresses to which the wet slug tantalum capacitors were subjected.

RIPPLE CURRENT TEST PROGRAM

Figure 2.1 presents an overview of the ripple current test program.
Detatils of this plan are defined in MMC document_CAP-?B-l,2 entitled
"Evaluation Plan ....". The test program evolved after MMC and the VPO
had reached agreement on the following factors:

A, Frequency and waveshapes of AC ripple current;

B. DC voltage stress levels;

C. Mission operating times;

CAP-73-1, Revision D, "Evaluation Plan - Capacitor Evaluation of Wet

Sintered Slug Capacitors,'" with Appendix A, dated 1/26/73, Martin Marietta
Corporation

4
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D. The types and levels of én&ironmental stresses;

E. Test fixtures which duplicate as closely as possible the Viking

electrical circuit, packaging and environmental cﬁaracteristies;

F. The availability of adequate sample sizes of capacitors designaﬁed

for flight usage;

G. The method of electfical parameter measurement and the number of

times they would‘be measured;

H. The techniques to be used when dissecting test'specimens and the

quantity.

Figure 2,2 shows how the capacitors were mounted on aluminum plates
(test sinks) to facilitate environmental and electrical testing. . The capa-
citors were rigidly attached to the plates with epoxy and their axial leads
were soldered to standoff terminals. The soldering and epoxy materials and
processes were identical to those used in flight hardware. The plates with
the capacitors attached, were designed to exhibit a transmissibility of one
to ensure that vibration levels were not amplified.

Special waveform generators were designed and built to produce the
ripple current waveforms and frequencies. A typical test setup which
includes ripple current generators, DC power supplies, interface boxes and
test sinks is shown in Figure 2.3

2.1 Test Anomalies and Changes

After the initial 50G sinewave vibration tests, a problem identified
as out-pflspec forward DC leakage current was detected in 42 wet slug capa-
citors. Subsequent investigation isolated the cause to physical movement

of the slug and verified that the problem was not ripple current related.
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The test sequence was continued with a minor change in order to obtain
additional information on the healing characteristics of the out-of-spec
'capacitors. This change included additional electrical measurements at
the 20‘and,15O hour points during the 700 hdur portion of the ripple
current test to identify éapagitor'recovery‘charactéristics. . Also, the
original program was modifiedvto accumulate up to 1500 hours'of;ripple
current éﬁ sélected capacitors.,

2.2 Test Data and Analysis

Capapitanée; DG leékage current and Dissipation Factor (DF) were
measured and recorded for each capacitor in the test program per Figﬁre
2.1, The‘&ata for each capacitor, inciuding a derived Eqﬁivalent Series
Resistancé’(ESR), are tabulated in Tabies 2.2 thru’2;i3. The ESR was
~ computed using the equation:

ESR = DF
- 2TFC

where, ' DF

]

Dissipation Factor

]

F 120 cycles (measurement frequency)

C

]

capacitance, mfd.
Table 2.1 relates the data for each group of capacitor dash numbers and
case sizes to a particular detail data Table (Tables 2.2 thru 2.13).
Before performing an analysis of the measurement data taken during
this test program, it was detefmined that:
1. The product of ripple current amplitude and operating time
is the measure of stress seen by a capacitor.
2. The worst case stress levels to be seen by capacitors in the
Viking Lander by case size are:

9



Ripple Total Detail
Capacitor Cap Current® Ripple Ripple Data
Type Value DC Bias¥ (RMS) Freq Temp Application| Are Shown

—-— in

Case Size (uid) (Volts) (ATBF) (KHZ) °c) Hrs Table:
Wet Slug 68 40/60 .150/ .400 10 +70°%C 1000 2.2
(-010) 68 40/60 .150/.400 10 +70°¢ 1500 2.3
GT-3 68 40/60 .300/.400 | 10 +70°C 1000 2.4
68%% | 40/60 .300/.400 10 +70°C 1000 2.5
Wet Slug 82 10/50 .170/.400 10 +70°¢C 1500 2.6

(-007)

GT-3 82 10/50 .270/ .400 10 +70°¢ 1000 2.7
Wet Slug 56 40/75 .250/.400 20 -37% 1000 2.8

(-024)

GT-3 56 40/75 .350/.400 20 -37% 1500 2.9
Wefogi;g 39 | 40760 | .100/.250 | 72 +70°C 1500 2.10
&%

Wet Foil

G5 580 10/15 1.5/3.2 5 +80°¢ 1000 2.11
Wet Foil o

c3 200 6/15 0.425/3.5 50 +70°¢ 1000 2,12
Wet Foil °

ch 100 35/50 0.425/3.5 72 +70°¢C 1000 2.13

* Test/Mfgr Rated Value

%% (Capacitors Previously Subjected to 2000 Hrs DC Bias Life Test

TABLE 2,1 1INDEX OF TABULATED ELECTRICAL PARAMETERS-

RIPPLE TEST PROGRAM
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184 | 68.1uf | 67,1uf | 68,3uf | 68,0uf { 68,0uf | 68.,0uf | 68B.0uf |68,2uf HA £68.3uf | 68.0uf
188 | 67.3uf | gg.ous’| 66.6uf | 66.8uf | 66.9uf | 66.7uf | 66.7uf | 66.8uf RA 67.0uf | 66.8uf
189 | 67.3uf | 67.1uf | 66,9uf | 67.2uf | 67.3uf | 67.2uf | 67.1uf | 67.3uf A 67.4uf | 67.2uf
203 | 67.3uf | 67.1uf | 66.9uf | 67.2uf | 67.0uf | 67.1uf | 67.1uf | 67.3uf HA 67.3uf | 67.2uf
207 | 67.4uf | 67.1uf | 67.2uf | 67.4uf | 67.4uf | 67.4uf | 67.2uf |67.3uf RA 65.%uf | 65,8uf
236 | 67.7uf | 67.luf | 67.7uf | 67.7uf | 67.8uf | 67.7uf | 67.6uf | 67.8uf A 67.9uf | 67.7uf
CAPACITANCE 237 | 67.3uf | 67.1uf | 67.0uf | 67.0uf | 66.9uf | 67.8uf | 66.7uf |66.8uf ¥A 66.5uf | 66.4uf
257 | 67.5uf | 67.1uf | 67.2uf | 67.4uf | 67.3uf | 67.2uf | 67.1uf | 67.3uf ®A 67.3uf | 67.1uf
244 | 68.5uf | 68.0uf | 68.5uf | 68.4uf | 68.3uf | 68.4uf | 68.3uf | 68.5uf RA 68.6uf | 68.5uf
{SPEC: 68de + 5%} 117 | 67.9uf | 67.,0uf | 67.8uf | 67.9uf | 67.9uf | 67.8uf | 67.8uf | 68.0uf RA 68.1uf | 68,0uf
- 111 | 66.8uf | 67.0uf | 66.6uf | 66.6uf | 66.8uf | 66.5uf | 66.4uf | 66.5uf FA 66,7uf | 66,5uf
107 | 67.4uf | 67.0uf | 66.6uf | 66.2uf | 65,0uf | 64.7uf | 64.6uf | 64.8uf NA 64,9uf | 64.6uf
092 | 67.4uf | 68,0uf | 67.0uf | 67.1uf | 66.8uf | 66,8uf | 66.8uf |66.8uf NA 66.7uf | 66.6uf
071 | 68.0uf | 67.0uf | 67,7uf | 67.8uf | 67.9uf { 67.6uf } 67.5uf i 67.8uf HA 67.8uf | 67.8uf
069 | 68.1uf | 67,0uf | 67.9uf | 68.,0uf | 68.,2uf | 68.0uf | 67.9uf | 6B.2uf HA 684,3uf | 68.2uf
170 | 67.3uf | 67,0uf | 67.0uf | 67.1uf | 67.0uf | 66.9uf | 66.%uf | 67.luf VA | .67.luf| 67.0uf
171 | 68i1uf | 68,0uf | .67.9uf | 6B.0uf | 68.0uf | 67.9uf | 67.8uf | 68.0uf HA 68.1uf | 68.0uf
173 | 66.9uf | 67.0uf | 66,8uf | 66.8uf | 66.8uf | 66.7uf | 66.6uf | 66.%uf HA 67.0uf | 66.9uf
178  67.6uf | 67.0uf | 65.5uf | 65.5uf | 65.7uf | 65.5uf | 65.4uf | 65.7uf NA 65.9uf | 65.8uf
181 | 68.3uf | 68.0uf | 67,9uf | 68.1uf | 68.2uf | 68,0uf | 67.9uf | 68.2uf WA 68.2uf | 68,1uf
184 } 140 na | 34 na 54 na 50 na 38 na 40 na 44 na 52 na NA 54 na 60 na
188 | 140 na | 36 na 54 na 45 na 31 na 40 na 42 na 50 na NA 50 na 52 na
189 | 135 na | 35 na 53 ua 44 na 31 na 38 na 42 na 50 na RA 48 na 50 na
203 | 130 na | 35 na 52 ne 43 na 31 na 38 na 42 na 50 na RA 48 na 50 na
207 | 130 na { 39 na 53 na 44 na 31 na 40 na 42 na 50 na Ra 52 na 54 na
236 | 140 na | 34 na 50 na 44 na 31 na 36 na 42 na 56 na NA 46 na 48 na
237 | 135 na | 33 na 50 na 44 na 30 na 38 na 42 na 46 na .7 44 na 50 na
DC LEAKAGE CURRENT 257 | 135 na | 35 na 48 na 40 na 29 na 40 na 40 na 46 na NA 44 na 48 na
244 | 125 na | 38 .na 48 na 40 na 29 na 34 na 36 na 46 na HA 42 na 46 na
(SPEC: 2000 na) 117 | 120ne [42ne {45na |40na [29ns |34 [38na (SO ma B | 42na | 46na
-9 111 | 110-na | 34 na 42 na 40 na 29 na 34 na 36 na 44 na HA 42 na 42 na’
na = 10" amp 107 {105 na |40mna |44 ma [45ma [30na |40na (40 ma |50 na HA 4 na | 46 na
ua=10 ~amp 092 | 105na |38 na [42na |37na |29na |36na |38na |42 na NA 42 na | 46 na
071 | 100 na { 38 na 40 na 36 na 2% na 34 na 36 na 44 nia NA 42 na 40 na
069 :| 100 na | 45 ne 42 na 36 na 28 na 34 na 34 na 48 na NA 40 na 42 na
170 90 na | 40 na 40 na 37 na 28 na 32 na 36 na 42 na RA 40 na 42 na
171 70 na | 39 na 40 na 35 ne 28 na 32 na 3 pa 40 na RA 38 na 40 na
173 65 na | 40 na 38 na 35 na 28 na 30 na 34 na 36 na NA 36 na 40 na
178 65 na | 45 na 42 na 40 na 28 na 40 na 38 na 36 na BA 36 na 40 na
181 65 na | 54 na 42 nae 34 na 28 na 44 na 32 ne 38 na HA 36 na 40 na
184) 678 1.661 1.166 »703 +585 o663 +605 »603 wA 2602 obh4
188] .686 1.639 1,195 #715 654 676 +636 +615 NA «614 #6355
189| .686 1.661 1.190 W11 #5630 «612 +632 «630 Na «590 «651
203] .686 1,661 1.190 o711 2594 +613 2613 «611 BA «611 «651
207} .685 1.661 1.185 «709 +630 +630 #631 «670 NA +756 +806
236] .682 1.661 1,176 +706 626 +607 +608 +606 NA «586 +627
2371 .757 1.661 1.426 «852 +733 724 «715 «695 NA <718 <779
ESR 257 707 1,661 1.422 <847 «670 «691 672 .690 RA +650 «711
264F 697 1.63% 1.395 «834 +602 «620 «602 +619 RA 2599 #5697
{SPEC; 1.50hms) 117 .703 1.664 1.409 +840 «605 2606 =606 +624 RA 2565 «702
111 714 1.664 1.435 +857 « 7364 .718 719 18 NA 2696 +758
107} 755 1.664 1,435 #8962 1.02 1,086 1,088 1,105 NA 1,103 1.191
0924 .755 1.639 1.426 <712 #6553 «695 714 o715 WA <775 #1737
071 .748 1.6664 1L.411 «842 +664 «667 «629 #6653 NA 2626 704
069 .701 1.664 1.407 »703 «583 <385 «605 #3525 ¥A «582 +642
170 .756 1.664 1.426 #712 «653 «6%% 713 o712 HA «692 732
171 701 1,639 1,407 2703 <644 2625 2626 #5624 NA «604 +683
173§ 714 1.664 1.430 #7135 +655 636 «677 674 NA +633 +69%
178 | .706 1.664 1.459 <973 .888 <931 «973 2787 NA «905 «967
181} .699 1.639 1.407 .701 «642 +624 +605 +583 WA +583 «623
RIPPLE CURRENT APPLICATION
DC BIAS | RIPPLE RIPPLE|OPER
CURRENT FREQ |TEMP
TEST/RATED JTEST/RATED
(voLTs) feamps-rus) bexuzy 1¢%c)
40/60 .15/.40 10 +70

Table 22 - Test Data, -010 Wet Slug Capacitors Operated at

37.5% of Rated Ripple Current for 1000 Hours
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L ! :
050 | 64.0 nf % 67.0 uf 1 65.5 uf l 65.7 uf| 65,8 ufl 65.8 pf | 65.5 uf | 65.8 uf N/A 66,0 pf ! 65.7 uf
038} 67.3 uf | 68.0 f | 67,4 uf | 67.3 uf| 67.5 uf | 67.1 uf | 67.2 uf } 67.4 pf N/A 67,5 pf | 67.3 uf
056 | 67,2 w€! 67.0 £ | 67.4 uf | 68,0 pf] 67.9 pf] 67,9 uf} 67.8 uf ; 68.0 uf N/A 68.0 pf | 68.0 uf
058 | 67.7 pf 1 68.0 pt | 67,4 pnf | 67.6 uf| 67.4 uf)| 67,4 pf | 67.3 uf {67.3 uf W/A 65.8 pf | 65.7 uf
064 | 67.1 uf’ 68,0 uf | 67,4 pf i 67.0 puf| 67.0 uf | 67.0 uf | 66.9 pf 67,1 pf N/A 67.2 uf | 67.0 uf
068 | 66.3 nf 67.0 uf 166,46 nf 66,0 pf| 66.0 uf} 65.9 uf) 65.7 uf | 65.9 uf W/A 64.3 uf | 64.2 pf
139 | 67.7 uf . 67.0 u£ ;68,0 pf | 68.0 uf] 68.0 uf{ 68.0 uf | 67.8 uf ; 68,0 uf ¥A 68,0 pf | 67.7 uf
137§ 68.0 uf : 68.0 pf 1 67.3 uf | 67,6 pf] 67.9 uf | 67.9 pfl 67,7 uf §68.0 pf /A 68,2 uf | 68,0 puf
118 | 67.8 pf . 67.0 uf 67.3 pf [ 67.6 uf| 67.6 pf | 67.5 uf| 67.5 pf | 67.7 uf R/A 67.8 pf; 67.6 uf
CAPACITANCE 036 | 66.5 uE’ 67.0 of , 66.5 nf | 66.5 uf| 66.6 € | 66.5 uf ! 66,4 uf | 66.6 uf B/A . 66.7 uf ! 66.6 pf
028 167.7 uf | 67.0 uf 67,5 pf | 67.7 pf| 67.6 uf 67,6 uf:67.5 uf [67.7 uf N/A 67.5 pf | 67.3 uf
. 020 | 68.4 uf ! 67.0 uf 68,6 pf | 68.2 uf| 68.2 uf ] 68,1 nuf | 68,2 uf 1.68.4 pf N/A 68.5 puf | 68.3 uf
018 | 67.5 uf ! 67.0 uf. 67.9 pf + 67,9 nf| 68.0 uf ! 67.9 uE’67.8 nf ! 68.0 uf N/A 68.2 uf; 68.0 puf
(SPEC: 68ufd -+ 5%) 015.{68.1 uf 67.0 pf 67.9 uf 68,0 pf| 67.9 uf167,9 uf | 67.9 uf ;68.1 ut N/A | 68.2 uf | 68.0 uf
- 010 {66.7 uf | 66.0 uf 66,2 uf 66,2 pf| 66.2:uf.66.0 uf | 65.8 uf ;65,9 uf N/A [ 64.7 pf{ 64,6 uf
008 | 67.4 pf.i67.0 uf 67.5 pf 67.5 pf| 67.6 pf | 67.6 uf . 67.5 uf ' 67.7 uf N/A | 67.5.pf(67.6 uf
007 | 66,0 uf 66,0 uf 67.5 uf | 65,5 uf| 65.2 uf § 65,3 uf ; 65.2 uf {65.3 uf N/A ¢ 65.2 pf | 65,2 pf
005 167.3 pf ' 68.0 uf 67,6 uf ;67,5 uf| 67.6 uf | 67.7 uf 67.5 uf 167.6 uf N/A P 67,7 pf | 67.5 pf
259 .167.9 pf ;67,0 uf. 67.6 yuf 1 67,8 | 67.9 uf | 67,9 pf: 67,7 uf 167.9 uf N/A 67,7 uf | 67.7 uf
406 |68.4 bf  67.0 uf 68.6 uf ' 68.4 uf| 68.3 uf | 68.2 e 68.2 uf 1684 uf | N/A 68.4 uf | 68.2 utf
; i
i
i
‘ i
> T + .
. ; ; i i
050 |140 na ;3% na 5508 . 60na |25ma {42nma ;60na . S6bma | ;68 na
038 |125na 29 na  S0na S0na ;2lna (30 na 50ma ; Shma {54 na
056 {140 na 30 na S0na’ . 50na |[19ma ;30 na (48 na ; 52na ] 50 na
058 1120 na 32 pa 50 na ;50 na 18 na 30 na 50 na 52 na i 56 na
064 1120 na 30 na 50 na 45 na 18 na 30na (40na | 50 na 50 na
068 {130 na 38 na 55 na 155 na 25 na 38 na ;50na 66 na | 64 na
139 1130 na - 37 na 52 na 50 na 20 na 32 na 144 na ! 56 na 56 na
137 {110 na : 28 na 45 na 45 na 20 na 30 na ;38 na | 46 na i 48 na
118 {120 na {30 na 42 'na 20“ 18 na - {30 na iizm %kgm : . 46 na
036 {130 na |38 na 52 na 8 na 20 na 35 pa na 56 na 54 na
DC LEAKAGE CURRE NT 028 {122 na. ;33 na 42 na 40 na 18 na 28 na i 36 na g 44 pa 146 na
020 {110 na {40 na 42 na !40na |18 na {28 na {36 ma | 46 ma | 44 na
. 018 [110 na 32 na 40 na 36 na 15 na 25 na 32 na 42 na 40 na
(SPEC: 2000 na) 015 {110 na !44na 4202 |38na [15n0a (28 na |34 ma | 46 na ! 50 na
9 010 {115 na 29 na 38 na 38 na 15 na 30na (3% mna | 4Bna | 48 na
na=10 amp 008 1110 na |30 na 38 na 40 na 18 na 28 na '34mna ! 40 mna | 40 na
- 007 [135na {43 na 44 na {S0na (18na |30 na 44na | 5208 | 50 na
ua=10 " amp 005 {115 na (36 na 42na [40ma [15na |28na (36ma | 4bnma f 42 na
259 {125 na 29 na 36 na 38 na 15 na 2502 (32na ! 40 na 3 40 na
406 {105 na (35084 36 na {36na [15na {250a (32na | 4Oma ! 38 na
: !
i ;
i :
i
i i i
i H t
! : i i
0s0| .746 - 1.666 . 1.580 {1.090 - .967 867 951 927 w/A 924 308
038 .710 - 1.639 . 1.418 710 | .708 .553 .612 630 N/a 609 611
056 | .711  1.664 !1.418 L703 .70k 605 626 624 N/a 624 624
058 | .706  1.63%  1.418 .07 .709 709 690 630 N/a .867 868
066 .712  1.639 | 1.418 772 L713 713 Tk 692 N/A L7110 712
0681 .721 . 1.664 1,439 724 .683 686 706 704 Wa 866 .867
139 | .706 - 1.664 : 1.405 703 ¢ 624 605 606 | 605 N/A 624 846
1371 703 1,639 | 1.420 L7091 644 .605 607 .605 N/A .583 585
ESR 18] .705  1.664 1,420 | .707 | .646 .609 609 607 N/a 606 .588
0361 .718 1.666 :11.439 J718 o 657 .618 .659 637 N/a 636 | .637
028 .706  1.664 1.415 706 647 667 648 627 N/A | .66 ' .650
. 020{ .698  1.664 :1.393 . 700 .622 604 642 ¢ .620 N/a | .600 .602
(SPEC: 1.5 0hms) 0181 .708  1.664 ;1.407 706 585 605 606 | 605 N/a | 603 | .644
o151 701 L.664 1.407 L7030 ,664 .605 644 | 662 N/a © .603 .644
010 .716  1.689 | 1.443 722 ) a2 623 665 | 684 N/a .758 759
008 ]| .709 1.664 1,415 L7080 ,707 .608 609 i 627 N/A i .589 608
007 | .726 . 1.689 1.5 L7301 .631 690 671 690 N/A | 651 671
005 | 710 | 1.639  1.413 .08 L 707 666 648 667 0 N/A | 666 .629
259 1 .704 C1.664 | 1.413 L705 ¢ 644 664 646 L7031 N/A 666 666
406 | .698 i 1.664 ~ 1.393 698 602 661 L6462 620 1 N/A .659 .700
. ; | :
; :
i ; :
| ;
s l ] 1

RIPPLE CURRENT APPLICATION |
DC BIAS | RIPPLE RIPPLE JOPER
- CURRENT FREQ |TEMP
TEST/RATED | TEST/RATED R
(vorTs) J{amps-rRMS) | (KkHZ)}(°C)
40/60 157,40 10 J+70

Table 2.3 - Test Data, -010 Wet Slug Capacitors Operated at
31.5% of Rated Ripple Current for 1500 Hours
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385 | 67.0 uf {67.0 uf | 67.9 uf [68.0 uf [68.0 uf {67.9 uf 67.9 uf |
358 | 66.0 uf [67.0 uf | 66.9 uf [67.0 uf 167.0 uf 1 66.9 uf 66.9 uf | 67.1 uf
356 | 67.5 uf [68.0 uf | 66.9 uf i67.2 uf |67.0 uf 1 66.8 uf 66.7 uf
355 | 67.0 uf | 67.0 uf {66.9 uf {66.7 uf {66.7 uf {66.5 uf 66.5 uf F/A
354 | 68.1 uf [67.0 uf | 67.9 uf |68.0 uf {67.9 uf ; 68.0 uf 67.9 uf 68.2 uf
. ;
338 | 66.0 uf | 66.0 uf {65.9 uf {66.1 uf  66.0 uf | 66.0 uf 66.0 uf | 66.2 uf
: 309 | 68.4 uf }.68.0 uf [ 68.2 uf [68.3 uf ;68.2 uf | 68,1 uf 68.1 uf | - 67.5 uf !
308 | 67.6 uf | 68.0 uf| 67.6 uf {67.6 uf  67.5 uf{67.4 uf 67.4 uf |} 68.2 uf
CAPACITANCE 302 | 65.0 uf | 67.0 uf | 66.2 uf {66.3 uf - 66.2 uf | 66.2 uf 66,2 uf ; 66.5 uf -
278 | 67.8 uf | 68.0 uf | 67.8 uf {67.8 uf ;68,0 uf ! 67.7 uf 67.6 uf | 67.8 uf
273 | 67.6 uf | 68.0 uf | 67.5 uf 167.6 uf [67.4 uf | 67.4 uf [67.4 uf ! F/A F/A
{SPEC: 68pfd + 5%} 271 | 68.0 uf | 67.0 uf'| 68.4 uf i68.4 uf :68.5 uf: 68.5 uf |68.4 uf 68.7 uf - 68.7 uf
] M H
i i
i i :
| : ‘
| ;
: :
i
. |
H i H i
| ! ; i
! : 3 ' g
3851 90na | 34na | 40mna 450 [ 40na (20m2 [50na | 50 ma 46 na 56 na : 46 na
358) 90 na |35na 39na j45ma {40 na 20na 48na 48 ma 40 na 54 na | 46 na
35| 80ma |3%pa |40na (46 ma |38ns 20nma 48 na 48 ma 50 na 52 na {50 na
3551 90ma | 45na [44ma [ S6ma {42na  22na ' S58nma | F/A B/A /a1 Fla
351 75na |33ma [35na [4hna [38na . 20ona (48 na | 48 .na 40 na 50 na |48 ma
338 70na | 3208 |35na (43na [3Bna  19m2  S0na 42 ma 42na | S2na i 46ma
309| 70na | 38na {40 na |120na | 42na  19na 50 mna - 42 ma 40na | 48 na 50 na
308] 70ma |4lna [33na {40pa [37na | 18 na 142 na 44 ma 8na | S0na ;50 na
DC LEAKAGE CURRENT 302] 65na [37mna |33 npa |[40n2 |38 na  18na |40 mna 40 ma 40 na | 46 na - 50 na
278| 65na [40na | 40na [38na [35ns ' 19na |44 na 46 na 38na ; 48na 50 na
PEC: 2000 i
{SPEC na) 273] 70na {4208 | 40n2 |42na !38na  21na ;50na  F/A F/a F/a F/A
9 271) 70ns {39na |35na [35na [357ma 19ma [40ma . 40 na 38 na 4 na ? 56 na
na= 10_6 amp : :
ua=10" amp ! ;
i
i H
i
|
385| 713 | 1.664 | 1.407 ! .703 703 1684 684 .935 701 681 .613
358 .724 | 1.664 | 1.190 .642 .594 .595 614 .809 711 593 877
356 .708 | 1.639 | 1.190 711 713, .695 716 912 17 .875 642
3550  .713 | 1.664 | 1,190 | .716 676 1,678 .698 F/A F/A F/A F/A
3s4] 700 | 1.664 © 1.173 .632 586 | .605 .625 .836 .700 .603 .642
338{ .724 | 1.689 | 1,208 .650 623 | .623 643 .861 .701 .601 .621
309] .698 | 1.639 | 1.167 630 661 | 662 623 .840 688 .629 622
ESR 308 .707 ; 1.639 | 1.178 .636 609 . .630 .669 .863 .680 622 .649
302 .735 | 1.664 | 1.203 .648 .621 641 641 .835 .699 .618 .638
278 .705 | 1.639 | 1.174 634 .585 .588 .608 .857 .665 .587 587
(SPEC: 1.5 Ohns 273 .707 | 1.639 | 1.180 636 630 | .630 .630 F/A F/A F/A F/A
271 ,703 | 1.664 | 1.164 .629 600 7 .500 620, .830 .656 .519 .579
; , :
! |
;
i
|
o
14 i i i f
| L l |
NOTE
F/A INDICATES CAPACITOR REMOVED FROM TEST
SINK AND FORWARDED TO FAILURE ANALYSIS
LAB FOR INTERNAL SILVER ANALYSIS AND/OR RIPPLE CURRENT APPLICATION
FATLURE CAUSE ANALYSIS DC BIAS | RIPPLE RIPPLE JOPER
CURRENT FREQ |TEMP
TEST/RATED|TEST/RATED R
tvoLts) |{amps-rMs)| (KHZ}}(°C)
40/60 30/.40 10 +70

Table 2.4 - Test Data, -~010 Wet Slug Capacitors Operated at

75% of Rated Ripple Current for 1000 Hours
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213 | 66.4 uf 66.4 uf 66.5 uf 66.6 uE | 66,7 uf | 66.5 uf | 66.7 uf| 66.6 uf
194 | 67.6 uf 67.7 uf 67.8 uf 67.6 uf{r/a F/A E/A ¥/A
218 | 68.5 uf 68.6 uf 68.5 uf 68,5 uf | 68.8 uf | 68.7 uf | 68.6 uf| 68,5 uf
203 | 69.3 uf 69.0 uf 69.4 uf 69,4 uff 69.7 uf | 69.4 uf | 69.5 uf| 69.4 uf
195 | 65.3 uf 65.4 uf 65.4 uf 65.3 uf| 65.5 uf | 65.4 uf | 65.4 uf| 65.3 uf
220 | 65.4 uf 65.5 uf 65.7 uf 65.5 uf| 65.8 uf | 65.8 uf | 65.8 uf 65.7 uf
205 | 68.4 uf 68.5 uf 68.4 uf 68.5 uf ea/;.a uf 6?.5 uf 67.6 uf 6@;.5 uf ]
; 215 | 69.2 uf 68.8 uf 69.2 uf 69.2 uf | F/A Fla F/A F/A
CAPACITANCE 210 | 67.0 uf 67.0 uf 67.0 uf 67.2 uf | 67.2 uf | 67.1uf | 67.1 uf| 67.0 ut
207 | 66.0 uf ! 66.4 uf 66.5 uf 66.1 uf| 66.4 uf | 66.2 uf | 66.3 uf| 66.1 uf
211 1 69.1 ug 69.1 uf 69.2 uf 69.1 uf| 69.4 uf | 69.3 uf | 69.3 uf| 69.2 uf
, 222 | 65.0 uf: 65.1 uf 65.0 uf 65.0 uf| 65.3 uf | 65.2 uf | 65.3 vf| 65.1 uf
{SPEC: 68ufd tS%) 199 -] 65.9 ufi 66.0 uf 66.2 uf 66.3 uvf| F/A ¥/A ¥/A F/A
i
1
!
i
i
i
i
H
|
213 90 na 32 na 30 na 52 na 40 na 40 na 52 na 56 na
194 | 80'na 32 pa 28 na 70 ua F/A Fl/a F/A F/a
218 ) 90 na 34 na 28 na 38 na | 40 pa 40 na 50 na | 54 na
203 | 160 na i 36 na 28 na 30 ua | 500na 42 na 64 na | 2,50
195 | 170 na § 35 na 28 na 18 ua | 46 na 40 na 46 na | 90 ua
¥
220 | 100 na § 34 na 28 na 36 na | 42 na 40 na 4 na | 42 na
205 260 na | 35 na 28 na T 20 ua 42 na 46/ na 66/ na 5 ua
215 | 160 na | 38 na 28 na 38na | F/A ?/A P/ F/A
DC LEAKAGE CURRENT 210 150 na 40 na 28 na 80 ua 46 na 46 na 44 na 9 ua
207 90 na 40 na 25 na 30 na 44 na 48 na 44 na 40 na
211 120 na 40 na 25 na 34 na 46 na 52 na 44 na 38 na
(SPEC: 2000 na) 2221 90 na 41 na 25 na 2us | 50 ma 50 na 42 na | 36 ma
199 | 1060 na 40 na 25 na 30 ua Fla Fl/a F/A F/a
-9
na- 10_6 amp :
ua=10 " amp :
:
1 ;
1
H
H
213 | 1.207 1,799 1.196 1.198 | 1.372 1.196 1.113 | 1.155
194 | 1.335 1.646 1.056 1.177 F/A F/A P/A Fla
218 | 1.162 ! 1.741 1.045 1.045 | 1.233 1.042 1.005 | 1.007
203 | 1,241 | 1.731 1.146 1.185 | 1.370 1.146 1.145 | 1,185
195 | 1.219 | £ 1,706 1.095 1,117 | 1.316 1.135 1.095 | 1.127
220 | 1,339 | i1.823 1.210 1.255 | 1.431 1.290 1.209 | 1.231
205 § 1.280 i 1.860 1.163 1.239 | 1.430 1.239 1,179 | 1.220
215 | 1.243 ° 1.620 1.150 1.150 | F/a F/A F/A F/a
ESR 210 | 1.188 $ 1,664 1.187 1.107 | L.302 1.146 1.087 | 1.108
207 | 1.367 1.799 1.196 1.304 | 1.478 1.302 1.240 | 1.324
{SPEC: 1.50hms) 211 | 1152 | 1.613 1.150 1.113 | 1.299 1.148 1.052 | 1.07
222 { 1.323 1712 1,224 1.224 | 1.442 1.220 1.198 | 1.222
199 | 1.208 1.689 1.082 1.120 | F/A F/A ®/A B/A
i
NOTE
F/A INDICATES CAPACITOR REMOVED FROM TEST
SINK AND FORWARDED TO FAILURE ANALYSIS RLPPLE CURRENT APPLICATION
LAB FOR INTERNAL SILVER ANALYSIS AND/OR DC BIAS R%fy_a [
FAILURE CAUSE ANALYSIS CURRENT FREQ |TEMP
TEST/RATED [ TEST/RATED R
(voLTs) [(ampPs-rMs}| (kHz){(°C)
L0/60 .30/.40 10 [+70

Table 2.5 - Test Data, -010 Wet Slug Capacitors with 2000 Hours

of DC Life Test Time Operated at 75% of Rated
Ripple Current for 1000 Hours
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117 81.9 uf. 0.0 uf} 81.4 uf 82.0.uf 81.8 uf 82.0 uf B1.9 uf 82.1uf 82.1uf 82.1 uf;8L.9'uf
113 82.6 uf 81.0 uf| B2,5 uf | 82.9 uf 82.7 uf 82.7 uf B2.7 uf 82.9 uf B2.9uf 82,8 uf 82.6 uf
108 80,9 uf ' 83.0 uf{ 81,5 uf ; 81.6 uf 81.3 uf 81.6 uf 8l.4 uf 81,7 uf 8l.7 uf 8L.5 uf 8L.5 uf
104 82,6 uf  81.0 uf 82.4 uf | 82.7 uf 82.7 uf 82.7 uf 82.6 uf 82.8 uf 82.8 uf 82,8 uf 82.8 uf
101 82.8 uf 82.0 uf| 82.7 uf ; 82.7 uf 82.7 uf 62,9 uf 82.8 uf 83.0uf 82.9uf 83.0 uf 83.0uf
. y !
086 81.0uf B2.0 uf! 81.4 uf | B1.3 uf 81.3 uf 81.0 uf 80.8 uf 80.7 uf 80,7 uf 80,1 uf 80.0uf
085 80.8 uf 82.0 uf: 81.2 uf & 80,9 uf 80.9 uf 80.8 uf 80.6 uf 80,9 uf  80.8 uf 80,7 uf 80.7 uf
CAPACITANCE 082 ° 81.0 uf 81.0 uf 81.2 uf 81.0 uf 81.0 uf 80.8 uf 80.7 uf 8L.0 uf  B80.9 uf 80.9 uf 80.9 uf
079 80.4 uf 79.0 uf 8.2 uf 80.4 uf 80.4 uf B80.5 uf 80.4 uf 80.7 uf  80.6 uf 80.5 uf 80.4 uf
075 81.8 uf 82.0 uf 81.9 uf 82.0 uf 81.9 uf 82.0 uf 82.0 uf 82,2 uf  82.1 uf ~ 82.1 uf B82.1uf
072 B1.0 uf 81,0 uf 80,9 uf 81.3 uf 81.0 uf 81.4 uf 81.2 uf B8l.4 uf 8l.46'uf 814 uf Bl.4 uf
(SPEC: 82ufd + 5%) 070 81.4 uf B1.0 uf Bl.4 uf - 81.7 uf 81.3 uf 8L.4 uf BL.5 uf 81.7 uf  8L.6 uf BL.6 uf 8L.5 uf
066 82,0 uf 82.0 uf 81.6 uf 82.0 uf 82,0 uf 81.9 uf 81,9 uf 82,1 uf 82.1 uf 82,1 uf 82.0 uf
044 80.8 uf BO.0 uf 80,3 uf  80.6 uf 80.6 uf 80.6 uf 80.6 uf 80.8 uf  80.8 uf 80.6 uf F/A
039 82.5 uf 82.0 uf 82,3 uf 82,7 uf 82.8 uf 82.8 uf 82,6 uf 82,8 uf  82.8 uf 82.7 uf 82.7 uf
i
117 85.na 5n2a  S5ma 6na 18na 15ma 1502 13 na 5w 9 na 17 na
113 80 na 7 na 4 na 5.8n2a l.4ma 12 na 14 na 12 na 5.4na 8 na 17 na
108 100 na 6 na 4 na 6 na 1.6 na 1l pa 15 na 11 na 5 na 8 na 50 na
104 80 oa 5 na 2 ma 6na 1,7na 1llna 1353 1lna 4,2na .8 na 14 na
101 480 na 160 na 4na 250na 1,0 ha 150 ma 8.4ua 600 na 220n2 8na 2 ua
086 . 80 na 5 na 3 na 7.50a 1.0na 10 na 3 ua 40 na 5 pa 7 na 1 ua
085 90 na 5 na 2 na 7.5na 1.0 na 9 na 200 ua 12 na 6.2na 6 na 200na
DC LEAKAGE CURRENT 082 75 na Bna 2na 9na 1.0ma  9ma l3ua 9 ma Shna 608 600na
079 60 na 7 na 1 na 7.50a 1.2 na 9 na 9 na 8 na Spa - Spa 12 na
075 70 na 6 na 2 na 6.5n2 1,0 na 9 na 8 na 7 na 4 na 5 na 1l na
(SPEC: 2000 na)
072 60 na 6 na 1 na 8 na 1.2 na 8 na 8 na 7 na 4 na 5 na 10 na
-9 070 70 na 7 na 1na 9ma 1.2pa §uma 1.4 bua 50 na  200na 1 ua
na =10_, amp 064 75 na 6na  2na  10na 1.0na 8na 4 ua 7 na 3.4na 6 na 12 na
ua=10" am 044 70 na 6 na 2pa . 10na llna 8mna ihua Jua 100 na 1.,3ua  F/a
p 039 65 na 9ma 2na | 12na 1.0na 8na  7Tna  6ma 3.4na Sna . 10ma
| 5
i
H
i
1
117 .778  1.592  1.369 777 .681 .582 664 808 662 646 648
113 .771 1,573 1.351 704 625 .593 593 .672 576 - 576 .562
08 .787  1.535  1.370 716 603 .601 .668 844 .682 650 618
106 L7710 1573 1,353 706 .577 577 578 . 769 577 576 .609
101,962 1.5 1,540 1,021 962 .960 737 879 704 686 .687
086,786  1.556  1.565 832 .783 .786 821 1.019 854 .927 912
085  .788  1.554  1.373 .787 . 705 .607 675 .820 .689 673 657
ESR 082  .786  1.573  1.373 704 .655 607 657 .819 .672 .556 656
079,792 .1.613 1,373 .710 660 609 660 .822 675 .625 660
075  .779  1.554 1,361 696 599 .598 .598 £790 614 597 .581
(SPEC: 1.5 Ohms) 072,786  1.573  1.378 .783 .688 652 670 847 652 V667 .652
070  .783  1.573  1.369 ¢ .698 .652 .603 602 779 618 601 602
064 777  1.554 - 1.366  .6% 679 599 648 775 614 .613 647
044  .788  1.592 - 1,388 1 .790 691 .707 . 707 886 722 690  F/A
039,772 ' 1.55%  1.356 690 .593 .593 .594 .769 .609 .593 .577
; i
!
| ; :
| | i i
NOTE
F/A INDICATES CAPACITOR REMOVED FROM TEST
SINK AND FORWARDED TO FAILURE ANALYSIS RIPPLE C 1 ON
LAB FOR INTERNAL SILVER ANALYSIS AND/OR 5C BiAS T RIPPLE 'H%&"iﬁER_—
FAILURE CAUSE ANALYSIS CURRENT FREQ |TEMP
TEST/RATED | TEST/RATED
(voLTS) |(amMPS-RMS)| (KHZ) |(°C)
10/50 .17/.80 ] 1o J+70

Table 2.6 - Test Data, -007 Wet Slug Capacitors Operated at
42,5% of Rated Ripple Current for 1500 Hours
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018 | 82.2 uf| 81.0 uf; 82,3 uf uf! 82,3 uf ] 82.3 uf F/A F/A Fla F/A
320 | 81.7 uf | 81.0 uf | 81,1 uf uf} 81.7 uf| 81.7 uf  81.8 uf | 81.7 uf 81.7 uf| 81.7 uf
314 | 81.8 uf | BL.0 uf{ 82.0 uf uf! 82.0 uf [ 81.7 uf : 819 uf . B1.7 uf 8L.8 ufl 8L.9 uf
306 | 80.7 uf| 81.0 uf| 81.0 uf uf! 81.1 uf{ 80,9 uf 81.1 uf - 80.8,uf B1.0 uf] 81.0 uf
303 | 82.5 uf| 81.0 uf| 82,4 uf uE) 82.5 uf; 825 uf B2.8 uf | 82.6 uf 827 uf} 82.6 uf
) i
H ' ]
286 | 82.3 uf| 81.0 uf | 82.4 uf uf|'82.5 uf ! 82.3 uf 82,5 uf  82.4 uf | 82.2-uf' 82.5 uf
265 | 83.7 ug] 81.0 uf! 83.9 uf uf| 83.9 uf 84.0 uf 84.3 uf  84.1 uf} 84.1 uf' 84.0 uf
CAPACITANCE 264 | 82.9 uf| 81.0 uf| 82,9 uf uf| 82.9 uf: 82.9 uf . 83.0 uf  82.8 uf | 82.8 uf 82.8 uf
) 252 | 82.0 uf | 81.0 uf| 82.0 uf uf)| 82.4 uf 82.3 uf . F/A FlA T R/A F/A
471 | 82.0 uf| 81.0 uf] 82.0 uf uf; 82.4 ufl 82.3 uf 82.4 uf - 82.1 uf’ 82.1 uf 82.3 uf
445 ) 81.3 uf| BL.0 uf! 81.6 uf wf| 81.5 uf 81.3 ufiBL.S.uf  81.3 uf  BL.4 uf| 81.4 uf
(SPEC: 82ufd + 5%) 421 ] 83.0.uf| 82,0 uf' 83.0 uf uf| 83,1 uf, 82.9 uf* 83,1 uf | 82.8 uf 83.0 uf] 83.0 uf
- 418 | 82.0 uf| 81.0 uf| 82.0 uf ufi 82.3 uf: 82.1 uf 82.4 uf  82.0 uf 82.3 uf '82.3 uf
404 | 80.9 uf] 81.0 uf| 81.0 uf; uf] 81,0 uf: 80.9 uf 8l.1uf ; 80.9 uf 80.9 uf. 80.9 uf
390} 82.5 uf| 8.0 uf | 82.7 uf: uf| 82.6 uf 82.6 uf 82.8 uf : B81l.9 uf ' 80.4 uf 79.7 uf
377 81.1 ufj 81.0 uf’ 80.9 uf 81.0 uf 81.2 uf 81.2 uf
374 | 81.0 ug! 81.0 ufy 81.0 uf; R/A L F/a F/a
367 83.9 uf( 82.0 uf| 84.0 ufl 83.9 uf  83.9 uf 83.9 uf
363 | 81.1 uf| 81.0 uf! 81.3 uf] 81.1 uf_ 81.3 uf B81.3 uf
357 82.5 uf| 81.0 uf; 82.4 uf| 82.6 uf = 82.8 uf B82.8 uf
337| 82.7 ug] 81.0 uf' 82.4 uf ! 82.4 uf 82.6 uf: 82,6 uf 82.9 uf  82.6 uf 82.7 uf 82.7 uf
336 | 81.0 uf| 82.0 uf. 81.1 uf{81.2 uf 81.1uf 81.0 uf 8l.1 uf  80.9 uf ' 8l.1 uf 81.0 uf
331 81.7 uf| 81.0 uf! 81.5 uf [ 81.4 uf 81.3 uf' 81.0uf 81.4uf . BLOuf B80.9 uf 80.9 uf
3314 83.2 uf| 82.0 uf} 82.9 uf: uf | 82.1 uf 82.4 uf 82.2 uf 82.3 uf  82.0 uf’ 79.9 uf 79.7 uf
3904 82.0 uf| 82.0 uf, 82.0 uf] 82.0 uf; 81.9 uf 82.0 uf 82,0 uf . 82.2 uf _ 81.9 uf , 81.9 uf. 82.0 uf
T H
d : :
018 | 115 na 9 na 9pa-. 12 mna 4 na 7na :100ua F/A D F/A F/a F/A
320 § 105 na 9 na 9pa | 1l na 6 na 7 ma S5ua 860 na 6.8na - 12 na 800 na
314 90 na 11 na 8ma ! 13 ma 2 na 8 na 14 na 14 na 6 na 10 na 13 na
306 90 na 9 na 8 na 1l ha 2 na 8 na 12 na 12 na 5.4na 9 na 13 na
303 95 na 9 na 8 na 11 na 2 na 8 na . 400 na 11 na 4.8na 10 na 380 na
286 115 ra 9 na 7 na 11 na 2 na 8 na 11 wa 11 na 4.2na 9 na 12 na
2651 210 na 12 na 7na . Il na 2 na 8 na 6 ua 11 na 5 na 9 na 11 na
. 264 100 na 9 na 7n2 | 12 na 2 na 7ma ; 18 ua 1;. na 4.4na 9/na ?.4“6
252 90 na 9 na 6 na , 10 pa 2 -na 7 na 10 na F/a Fla F/A F/a
DC LEAKAGE CURRENT 471 ] 110 na 9 na 6na ; 9na 2 na 7 na (500 pa 10 na 5 na 8 pa 3.4ua
445 § 115 na 9 na 6ra ® 9uqa 2 pa 7 na 3 ua 13 na 3.6na 9 na - 130 na
(SPEC: 2000 na) 421} 70na ! 9na | 6na : Buma 2na . 7na  9ma  9ma 3 na 9na  8.na
418] 86na ! 9ma 5na - 8ma 2 na 6 na 902 10 na 4,6na 8 na 8 na
na = 10‘9 am 404 | 90na | 902 | 5ma . 9ma 2na  6na . 9ua 200 na 5.2ma  10na  2.8ua
g p 390¢f 100 na 9 na 50a | 8na 2na ! 6na 20ua 20 na 6.8na 10 ma 3.2ua
ua=10 " amp ; i : |
377 85na | 10 na 594 0 B8Bna | 2Zma ; 6na 7 na 8 na 4,6na 8 na 9 va
374] 95ma i 9ma 5na | 8na ! 20n0a ; S5na 40 ua
3671 90 ma 9 na 5na . Boma 202 | 5mpa 6 na 7 na 2 na 10 na 1.4us
363 80 na Bna v 5pa i 8na 2pa i S5mna -300na 8 na 2.2n8 7 na 19 ua
357 ] 100 na i 9 na 5 na 8 na 2 na I S na 15 ua 1.5ua 12 na 8 na 1.4ua
337] 85:na { 9na’ S5pa. 7na 2ra | 5ne 9 ua 8 na 2-na 7 na -5ua
33| 9na | 9na i S5npa 7ma 2 na 5na 12 ya - 46 na 60 na 8 na 3.2ua
331¢f 90 na | 9ma | S5na 7 na 2 na 5 na 3 ua 9 na 2 na 7 ma 3 ua
3314 90na ' 9ma | 6na  Bma 2 na 5 na 6 na 7 na 2'na 7na  10ma
390Al 90ma ; 9na ! Sna Bna 2 na 6na 40 ua 60na 54 na 26 na 11 ua
i i
T 1
|
!
018 678 | 1.573 1.354 . 708 611 612 .661 F/A F/A F/A F/A
320] 682 | 1.573 . 1.37% 715 637 | .617 665 811 .665 601 .601
314} 681  1.573 . 1.359 714 586 | .598 .584 .810 665 584 599
3064 .691 | 1.573 . 1.376 722 591 .21 606 .850 673 .606 .606
303{ .676 ! 1.573  1.256 .707 (581 .61l /579 1.585 .658 .561 .578
286 .677 | 1.573 | 1.256 .709 580 .611 .580 .852 .660 597 .595
265 .666 | 1.573 | 1,330 .695 601 | .632 .568 .786 .646 .583 .584
ESR 264] .600 | 1.573 : 1,345 .768 642 | .608 656 927 705 .641 641
252 .680 | 1,573 | 1.359 L708 . .581  .612 612 Fla F/A F/a F/A
471] 680 *D 1.573 | 1.359 L709 G 582 . .612 612 1.593 614 .565 .580
N i ‘
4451 686 | 1.573 | 1,366 716 | 618 651 620 .813 .620 603 619
{SPEC: 1.50hms) 41| 671 | 1.55 | 1.343 712 0 .590 - .60 .608 .798 673 575 575
418] 777 | 1.573 | 1.359 703 ! .s80 580 581 1.593 614 .564 .580
406| 689 ! 1.573 | 1,376 721 5 .62l o622 .672 .867 .688 623 .639
390  .772 i 1.573 ’ 1.348 706 643 1 .610 642 849 .680 .599 614
3771 .785 ' 1.573 | 1.378 718 620 | .620 653 863 .688 .653 .621
3760 .885 : 1.573 | 1.5713 .983 865 655 ®/a B/A ) Fia ®/A
367] .664 | 1327 .633 i .601 .569 789 632 .569 .569
3s3| .85 . | 1.371 .ny .652 670 880 | 703 | .652 .897
357] .712 | 1.573 | 1.353 706 612 ! .59 .609 .832 | 658 | .5717 593
: | ' ! |
337] .674 | 1.573 | 1.353 . 706 595 .594 578 1.584 610 1 577 .577
336 .786 | 1.554 | 1.374 721 637 1 .21 622 .867 .688 .621 638
331 .780 | 1.573 | 1.368 781 652 7 685 693 863 i 720 672 .787
3314 .766 | 1.554 | 1.345 770 711§ 708 .742 967 809 | 979 .998
3904 777 ] 1.554 | 1.359 Rt 615 | .64 .684 855 | .80 | .709 .799
I ] I I
NOYE
F/A INDICATES CAPACITOR REMOVED FROM TEST
SINK AND FORWARDED TO FAILURE ANALYSIS RLPPLE C b LCATLQ
LAB FOR INTERNAL SILVER ANALYSIS AND/OR DC BfAs | RiPPLE = [RIPPLEJOPER
FAILURE CAUSE ANALYSIS CURRENT | FREQ |TEMP
TEST/RATED | TEST/RATED .
(vOLTS) ](amPs-RMS) | (kHZ) §(°C)
10/50 .27/.40 10 |+70

Table 2.7 - Test Data, -007 Wet Stug Capacitors Operated at
61,5% of Rated Ripple Current for 1000 Hours
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{
066 | 54.0uf | 53.6uf | 54.0uf | 53.9uf | 53.9uf | 53.8uf| 53.9uf | 53.9uf NA | 54.0uf; 53.9uf | ¢
058 | 56.3uf | 55.6uf | 56.2uf| 56.2uf | 56.2uf | 56.2uf | 56.3uf . 56.3uf MA | 56.4uf| S6.2uf | ¢
056 | 55.5uf | 55.6uf | 55.3uf | 55.5uf | 55.5uf | 55.4uf| 55.5uf ; 55.5uf B | 55.6uf; 55.5uf
056 | 55.0uf | 54.6uf| S4.6uf | 54.9uf | 54.9uf.| 54.8uf| 54.9uf! 54.7uf MA | 55.0uf! 54.9uf
053 | "55.5u€]55.6uf | 55.2uf | 55.4uf | 55.4uf | S55.4uf| ‘55.4uf * 55.5uf NA | 55.5uf: 55.3uf
059 | 56.1ue} 55.6uf | 56.0uf | 56.2uf | S6.lue | 56.2uf| 56.2uf ; 56.2uf | 56.3uf 56.2uf
060 | 56.2uf | 55.6uf | 56.0uf | 56.2u€ | 56.luf | 56.1uf| S6.2uf ; 56.2uf na | 56.2uf  56.2uf
035 § 56.2uf} 54.6uf | 56.0uf | 56.2uf | 56.1uf | 56.1uf| 56.luf: 56.luf BA | 56.2uf! 56.1uf
CAPACITANCE 061 | 55.2uf|55.0uf | 55.0uf | 55.2uf | 55.3uf| 55.2uf| S55.3uf 35.3uf ¥ | 55.4ufl 35.3uf
: 065 | 55.5uf | 54.6uf | 55.2uf { 55.2uf | 55.4uf | 55.4uf| 55.5uf - 55.5uf BA | 55.6ufi 55.5uf
|
028 | 55.0uf| 54.6uf | 55.0uf | 55.0uf | 54.9uf | 54.9uf| 55.0uf  55.0uf BA | 55,0uf! 54.9uf
{SPEC: 56ufd + 5%) 031 | 56.2uf{ 55.6uf | 56.1uf | 56.0uf | 56.1uf | 56.luf! 56.1uf . 56.luf | 56.2uf! 56.1uf
* - 034 | 55.3uf| 55.6uf | 55.0uf | 55.3uf| 55.2uf | S55.1uf| 55.2uf . 55.3uf BA | 55.3uf] 55.2uf
030 | 55.5uf| 55.6u [ 55.0uf | 55.3uf | 55.5uf | 55.5uf| 55.6uf i 55.6uf BA | 55,7uf] .55.6uf
029 | 55.6u€| 55.6ue | 55.4uf | 55.3uf | 55.5uf | 55.5uf| 55.6uf’ 55.6uf NA | 55.6uf] 55.6uf
032 | 56.0uf| 55.6uf | 55.6uf | 56.0uf | 55.9uf | 55.9uf| 56.0uf | '56.0uf MA | 56.0uff 56.0uf |
033 | 55.4uf| 56.7u€ | 55.2uf | 55.3uf | 55.3uf | 55.3uf | S55.4uf | 55.4uf NA | 55.5uf; 55.4uf
062 | 56.2uf] 54.7uf | 56.0uf | 56.0uf | 56.0uf| 56.0uf| 56,1uf | S56.1luf N | S6.2ufi S6.lug |
066 | 56.1uf} 55.6uf-| 56.0uf | 56.0uf | 56.1uf| S6.luf| 56.2uf| 56.2uf M | 56.3uf; S6.uf |
027 | 55.5uf] 55.6uf | 55.0uf| 55.3uf | 55.4uf | 55.4uf| S55.5uf | 55.5uf NA | 55.6uf] S5.4uf |
!
;
t
064 | 70na 28 pa  27.5na | 32na | 100a | 34ma | 36 na | 24 pa MA | 30ma | 36na
058 §80na {3 na " 27.5na | 36na | 9na | 36ma | 38na | 26 ma X 32na | 40 na
056 1 80 na 32 na. ' 25 ma 32 na 9 na 32 na 36 na 24 na NA . 30na 36 na
054 ] 80 na 30 na 27 pa 32 na 9 na 32 pa 36 na 24 na Mo . 30na 36 na
053 |80na [31na 27na | 32na | 10na | 30ma | 36na | 24 ma N . 30na | 34 na
059 |80na |36mna 27na [ 32na | 9na | 36na | 36mna | 24na Mo 1 28na | 36ma
060 | 7582 i35na 26 na | 34 na 9na | 3bna | 36na | 26ma N | 30na| 36na
035 ] 90.na 42 na | 26 na 32 na 9 na 32 na 34 na 26 na NA : 28 pa 34 na
DC LEAKAGE CURRENT 061 §80na {38na |25ma | 30ma | 8na-| 30na | Mna | 24ma NA | 28ma | 34ma
. 065 §110 na }29na | 23 na | 28 na 7na | 28na | 32na | 22 ma M| 26 0a | 32 ne
(SPEC: 2000 na) 028 |80na }30ma ;23n {26 na | 7ma | 28na | 32pa | 26ma M | 2%na| 32m
031 | 9052 {40na  25ma ! 28 ma 7oa | 28na | 30na | 22 na Mo | 26na | 327ma
na-= 10'9 amp 034 § 90 na 35 na |22 pa 29 ma 7 na 28 na 32 na 22 na A ' 26 na 30 na
- 030 100 na {40 na | 25 na 25 na 8 na 28 na 28 pa 24 na NA 28 na 3% na
ua=10 " amp 029 80 na |36 ma éZOna 25 na 7na | 28pa | 28na | 22 ma NA 24 va | 28 ma
032 {90ma {40na |22na | 22na 7na | 27na | 28na | 22°na ¥A . 22na | 30ma
033 180 0a (38ma |20ma | 24ma 7na | 26na | 2802 | 22 ma A i 26na | 30ma
062 190 na 40 pna ;20 na 24 na 6 na 26 na 26 na 22 na FA ; 26na 26 na
066 |95 na :44na |18na | 23 ma 7na | 282 | 28ma | 22 ma e | 221na | 28ms
027 | 100 na 43 ma [ 18 na 24 na 6 na 26 na 28 na 22 na N 26 na 28 na
! *
i
: !
066 | 737 1218 juses 0 a.1my .615 .641 640 640 NA 614 640
058 | .707 |1.174 . 1.488 | 1.129 .590 614 .612 .612 N ,588 613
os6 | .717 174 1512 {1,143 .597 622 621 .618 ¥A .59 .621
056 | (724 §1.19 ;1.531 ! 1.155 604 .629 628 1630 NA .603 .628
053 | .77 {174 (1515 | 1.145 598 622 .622 .621 NA .597 623
059 | 710 f1.a7s §1.493 1 10129 591 .615 .590 614 vA .589 613
060 | .850 [1.174 ]1.493 | 1.129 591 615 .590 614 NA .590 .613
ESR 035 | .708 11.196 {1.493 | 1.129 .615 .615 .591 .615 N .590 615
061 | .865 {1.187 {1,520 | 1.149 719 \721 .763 .743 NA .78 743
os5s | .77 l1.96 f1.515 | 1.149 .622 622 .597 .621 NA .596 645
(SPEC: 1.5 0hms) 028 | 724 1196 {1.520 1.3 | .e28 | .j00 | .e03 | .627 M ; .603 | .65
o3 | .708 1174 [1.490 | 1.133 .591 615 6151 .615 M| .590 .638
036 | 720 fiam |1.520 | 1,147 601 .626 .625 624 NA' ¢ 599 649
030 § 717 {1174 |1.520 { 1.147 .597 621 .620 .620 M D .59 .620
029 | .76 |1.17 |1.509 | 1.147 .621 .621 .668 ,620 M .620 .620
032 | .71 |ra74 |1.504 | 1,133 641 664 .663 .663 NA | 616 616
03 § .79 [1.194 11.515 | 1.147 623 671 670 670 M .645 .622
062 | .708 |1.194 |1.493 | 1.133 .616 .616 .615 615 N | .59 1615
066 | .70 |1.174 |1.493 | 1.133 .591 .615 614 614 NA i .612 615
027 | .77 11174 [ 1.520 | 1.147. | .622 .670 .621 621 WA .620 622
RIPPLE CURRENT APPLICATION
BT BIAS | RIPPLE EJOPE
CURRENT. | FREQ |TEMP
TEST/RATED [ TEST/RATED
(voLTs) f(amps-rMS)| (kHz) |(°c)
40/75 .25/.40 20 -37

Table'2, 8 - Test Data, <024 Wet Slug Capacitors Operated at
62. 5% of Rated Ripple Current for 1000 Hours
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155,1 of!

017 | 56.1 uf,; 55.6 uf 55.2 vf, 55.2 uf | w/A | 55.3 uf | 55.4 ut
021 ] 56.0 uf 55.6 uf ' 35.1 ufi 55.2 uf | 55.1 uf 1 55.1 u]35.2 uf
001 | 56.3 uf| 55.6 uf 55.4 ufi 55.4 wf ' 55.4 uf | 5.4 uf | 55.4 uf
005 | 56,1 uf . 55.6 uf 55.0 ufl 55.4 uf':55.3 uf : ;55,3 uf | 55.4 uf
003 | 55.6 uf. 55.6 uf 56.1 uf: 56.4 uf 56.2 uf ; ! 56,3 uf | 56.3 uf
; : f {
010 | 56.3 uf 55.6 uf < 56.8 uf! 56.8 uf 56.2 uf ;56.8 uf ' 57,0 uf 56.2 uf 57,0 uf | 57.0 uf
0081 56,4 uf '55.6 uf °55.4 uf; 55.7 uf 55.6 uf 155.7 uf ;55.7 uf} 55.7 uf | 55,7 uf | '55.8 uf
CAPAC ITANCE 025 | 55.2 uf: 55.6 uf - 55.2 uf. 55.7 uf . 55.8 uf {56.0 uf , 55,9 uf| 35.8 uf ; 55.9 uf | 55.9 uf
009 | 56.1 uf. 55.6 uf - 55.2 uf 55.4 uf 35.3 uf 155.4 uf 55,5 uf| 55.4 uf ! i 55,5 uf | 55.5 uf
012 | 56,0 uf 55.6 uf . 55.2 uf 55.2 uf . 55.2 uf *55.1 uf’ 55,2 uf | 55.1 uf } i 5.2 uf | 55.3 uf
3 ’ . : i H
026 | 56.2 uf! 55,6 uf :55.4 uf, 55.2 uf 55.3 uf '55.4 uf !55.4 uf| 55.3 uf’ ! 55.3 uf | 55.6 uf
(SPEC: 56ufd + 5%) 039 | 55.5 uf; 56.6 uf '55.4 uf 55,2 uf - 55.4 uf :55.4 uf | 55.5 uf: 55.4 uf i 55.5 uf [ 55.5 uf
- 040 | 53.5 uf: 54.6 uf [53.2 ufl 53.3 uf 53.4 uf [53.5 uf’ 53.4 uf] 53.4 ut 53.5 uf | 53.5 uf
045 | 56,0 uf. 54.6 uf | 55.2 uf 56,0 uf 55.8 uf ,55.8 uf 56.0 uf | 55.8 uf ¢ 55,9-uf | 55.9 uf
042 | 55.7 uf 55,6 uf :55.2 uf 56.0 uf 55.4 uf 155.4 uf '55.4 uf] 55.3 uf ¢ 55,4 uf | 55.4 uf
- 043 | 55.2 uf® 54.6 uf { 55.1 uf 55.4 uf 55.1 uf 55.1 uf 55.2 uf’ 55.1 uf 55.2 uf ! 55.2 uf
0417 56.4 uf . 55.6 uf [ 56.1 uf 56,2 uf 56.2 uf :56.2 uf 56.3 uf: 36.3 uf 56.3 uf | 56.4 uf
036 | 54,5 uf 54,6 uf | 54.0 uf 54,4 uf 54.3 uf [56.4 uf 54,5 uf | 54.6 uf 54.5 uf | 54.5 uf
038 | 56.3 uf 54.6 uf !55.9 uf' 56.1 uf 56.1 uf [56.2 uf 56.3 uf. 56.2 uf | 36.2 uf : 56,3 uf
019 | 56.0 uf’ 54.6 uf ;55.7 uf  56.0 uf 55.8 uf {55.8 uf . 56.0 uf . 55.8 uf | 56.0 uf | 56, 0 uf
i | :
018 | 55.3 uf .55.6 uf |‘54.9 uf 55,3 uf 55.3 uf |55.3 uf '55.4 uf 55.3 uf 55.3 uf | 55.4 uf
022 | 55.2 uf! 54.6 uf 1 54.6 uf  55.3 uf 55.0 uf 155.0 uf 55.1 uf . 55.0 uf 55.2 uf | 55,2 uf
021 | 55.9 wf! 55.6 uf {55.6 uf 55.7 uf 55.8 uf 155.8 uf 55.8 uf’ 55.7 uf 55,9 uf | 55.7 uf
026 | 56.3 uf; 54.8 uf {55.6 uf 55.9 uf 56,2 uf 56.2 uf !56.3 uf S56.2 uf 56.3 uf | 56.3 uf
013 | 56.2 uf; 54.6 uf |55.6 uf, 55,9 uf | 55.9 uf |56.0 uf | 56.2 uf | 56.1 uf N/A 56,1 uf | 56.2 uf
a | -
017 25 ma 16 pa . 33ma : 27 na 80 na 32na i 30 na N/A 36 na | 42 na
021 2ma ! 6na, 3lna  27ma ; 68 na . dhna | 30na } 30 na | 42 na
001 26na ' 15na;: 31 na 27 na ; 62 na 30mna | 32na ! 28 na | 40 na
€05 23pa | 16naf 30na 2612 | 68na | 30na | 28na | 28 na | 38 na
003 © 30ma { 15na: 32na : 25na © 7Zna  30wna | 28na | 28 na |40 ma
010] 85na! 27me | T5ma‘ 32me | 28na  60na 30 ma | 30m§ 27 na | 38 ma
008 90 na | 26 na 16 na , 28 na 25 na ; gg na 30 na ! ;: na } 26 na | 36 na
025| 85na i 28mna | 13na, 28na 26 na | na 28 na ) na 26 na | 36 na
DC LEAKAGE CURRENT 09} 90ma: 28na | Lwa. 28ma 26ma ) S5me ; 30ma’ N0m { 2608 )38 ma
012] 85na 26na i 10na., 26mna  21na | 55na 28 na; 26ma - | 2ne 34ma
: |
024| 85nha 28na | 13ma. 25na 26 ma I 52na 28 ta | 26 ma 25 na | 34 na
(SPEC: 2000 na) 039] 100 na 26 na ¢ 12 na 22 na : 40 na 26 na © 24 na 24 na | 32 na
040 90na  26ma ; 1lna 20na | 50 ma . 26 na . 30ma 22 na |32 na
-9 045] 100 na 30na | 12 na 20 na ! 52 ma 26 na - 24 na 24 na | 30 na
na=10 *amp 062 | 110na ~ 30na _ 12 ne 19na | 50na . 26 na ' 264 na 2 na |30 na
- ; '
ua=106amp 043] 100na i 28na | 12 na 19pa : 50na | 2 na - 22na | 22 na | 28 na
041) 125na - 32na ; 10na’ 19na " SOma | 26na 22 na 24 na 30 na
03| 90na’ 28ma ! 12 na 19na . 50na | 24na 22 na 20 na |30 na
038] 115 na ' 32 na | 10 ne 19 na 50 na I 24 na . 26 na 20 na i 30 na
019| 100 na 36 na ° 1l mna 19pa 48ma ' 2% na 2% ma 22 na | 28 ma
1
018 90 na 34 na 10 na 18 na 50 na 24 na 24 na | 20 na | 26 na
022 90 na 30 na 10 na 17 na 50 na | 22 na 20 ha 18 na | 26 una
021} 110na  40ma 10 ra 17na ' 50na | 24na  24ma 20 na | 26 na
026f 110na 40na 10 na 17ha * 50na | 24na  20ma 18 na | 26 ra
013} 110 na | 40ma 10ma lﬁmi50m,24na 2002 | N/A 20 na | 28 na
i | ;
: ) ;
o17| .852 L1764 1.590 1,149 625 1,601 .695 671 1 N/A 623 | .670
021] .853 1,176 1,590 1.1%9 602 .B02 | 697 627 . .625 | .601
001 .849 1.174 - 1,581 1,145 622 599 } .700 622 ] P22 | .598
005 .852 1174 1,592 1.145 575 | .599 695 625 623 .598
003 .859 1.174 1,561 1,125 613 | U590 .683 .613 to.el2 | .589
010 .849 1176 * 1.542  1.167 .583 .700 675 .661 | .651 - .651
008] .847 1.561 1,139 572 .595 .619 .595 618§ .5%
025] .865 1.587  1.139 642 592 .688 .689 616 | .664
ESR 009} .8s52 j 1.587  1.145 .599 622 621 598 621 1 .597
o12] .853 11,587 - 1,149 .601 626 1 625 602 626 . .575
i i N
. 024 850 1.581 © 1,149 .623 .622 622 | .671 623 1 .622
(SPEC: 1.50hms) 039 17 | 1.581 | 1.149 622, .622 621 1 670 21 toear
ool .7a4 ! 1.646 | 1.190 621 | .644 646 | .621 644 - 595
as| 711 1,587 1 1,133 642 ] 618 639 | .665 616 i .617
oa2| s ! 1.587 | 1.133 .646 622 .670 671 io.e22 ¢ 670
o431 .721 1,500 ! 1,145 .626 626 673 626 626,601
041] .706 1.561 § 1.129 613 1 613 | .659 612 . .612 7 588
036} .730 1.622 1 1.164 | .61l { .634 .681 634 i .632 608
038] 707 1.567 | 1.131 | .638 | .613 659 .613 .613 : 589
019{ .711 1196 | 1.572 . 1133 | .59 618 663 5% 615 ¢ 592
o8} .720 1174 | 1595 - 1,47 | .599 623 646 671 623§ .598
022 .721 1,196 | 1.604 | 1.147 627 627 .550 675 626 | 625
021§ .712 1,176 | 1.575 | 1.139 .618 618 642 667 666 | 667
026} .707 1,191 | 1.575 | 1.135 613 613 636 661 612 | 612
03| .708 1.196 }1.575 | 1.135 .593 616 i 637 .662 n/a 614 | 613
|
RIPPLE CURRENT APPLICATION
DC BIAS | RIPPLE
CURRENT FREQ |TEMP
TEST/RATED {TEST/RATED .
(voLTS) J{AMPS-RMS)| (KHZ){(°C)
40/75 .35/,40 20 |-37

Table 2.9 - Test Data, -024 Wet Slug Capacitors Operated at
87.5% of Rated Ripple Current for 1500 Hours

1
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T T
! ]
L l H
026 | 38.0 uf [38.4 uf [38.0 uf [38.0 uf |38.0 uf {38.0 uf {37.5 uf ;37.6 uf ; 37.2 uf | 37.2 uf [37.1 uf
021 |38.4 uf |38.4 uf {39,0 uf {38.6 uf 138.6 uf !38.5 uf 38,6 uf 138.7 uf | 38.7 uf | 38.7 uf |36.7 uf
097 | 38.0 uf [38.4 uf {38.2 uf {38.3 uf [38.3 uf :38.3 uf [38.3 uf 138.4 uf | 38.4 uf | 38,4 uf |38.4 uf
014 | 38.0 uf |38.4 uf {38.2 uf {38.0 uf |38.0 uf ;38.0 uf [37.9 uf |38.1 uf | 38.1 uf | 38.1 uf {3B.1 uf
101 | 37.9 uf [38.4 uf |38.2 uf (3.0 uf 13B.0 uf -38.0 uf [37.9 uf |38.0 uf | 38.0uf ' 37.7 uf {37.3 uf
¢ .
093 | 37.6 uf [38.4 uf 138.1 uf 37.7 uf {37.7 uf 137.7 uf [37.6 uf |37.7 uf } 37.7 uf | 37.7 uf {37.7.uf
081 | 38.0 uf | 38.4 uf {37.7 uf |37.8 uf [37.8 uf 137.7 uf [37.7 uf [ F/A F/A ¥/A F/A
CAPACITANCE 067 ] 38.6 uf | 38.4 uf |38.6 uf }38.6 uf 138.6 uf 38,5 uf |37.8 uf |38.2 uf | 38.2 uf | 38,1 uf |38.2 uf
060 | 38.2 uf |38.4 uf {38.3 uf {38.3 uf {38.2 uf 38.2 uf |39.1 uf {38.4 uf | 36.3 uf | 38.4 uf {F/A
031 | 37.6 uf | 38.4 uf [37.7 uf {37.7 uf {37.6 uf (37,6 .uf |37.6 uf |37.8 uf | 37.8 uf | 37.8 uf |{37.8 uf
011 | 38.0 uf [ 38.4 uf 137.7 uf {37.8 uf ;37.7 uf '37.7 uf {37.6 uf [37.8 uf | 37.8 uf | 37,8 uf |37.8 uf
{SPEC: 39ufd + 5%) 036 '} 38,0 uf | 38.4 uf '38.0 uf [38,0 uf ;38.0 uf 138.0 uf {37.9 uf |38.1 uf | 38.1 uf | 38,1 uf |38.0 uf
- 037 | 37.9 uf | 38,4 uf 138.0 uf :37.9 uf [37.9 uf 137,9 uf |37.4 uf [38.1 uf | 38.0 uf | 38,0 uf |37.7 uf
023 | 38.9 uf }:38.4 uf [39.1 uf !39.0 uf |38.9 uf ;38.9 uf [38.7 uf {38.2 uf | 38.2 uf ; 38.2 uf {38.2 uf
035 | 37.7 uf | 38.4 uf !38.0 uf :37.8 uf {37.7-uf 137.7 uf |37.8 uf | /A B/A ¥/, R/A
3 K
034 | 38.2 uf | 38.4 uf 138.0 uf ‘38,3 uf [38.2 uf 38,2 uf [37.7 uf [38.2 uf | 37.8 uf | 37,7 uf |37.9 uf
033 | 38.1 uf | 38.4 uf [38.0 uf '38.1 uf [38.0 uf ,38.0 uf |3B.0uf 138.2uf | 38.1 uf | 38.1 uf 38.1 uf
039 | 38.8 uf | 38.4 uf ;38.9 uf 38.8 uf [38.8 uf :38.8 uf |38.5.uf |38.9 uf | 38.9 uf | 38.7 uf |F/A
041 | 37.6 uf | 38.4 uf 137.3 uf "37.4 uf {37.3 uf [37.3 uf [37.3 uf [37.5 uf | 37.4 uf | 37.5 uf {37.4 uf
042 | 38.4 uf { 38.4 uf 138.4 uf "38.5 uf {38.4 uf (38.6 uf 38.4 uf [38,5 uf | 38.6 uf | 38,6 uf [38.6 uf
]
040 | 37.2 ug | 36.4 uf 37.3 uf 37.3 uf |37.2 uf |37.2 of [37.1 uf |37.2 uf | 37.3 uf ! 37.3 uf [37.3 uf
047 | 38.0 uf | 38.4 uf +38.0 uf 38.0 uf [38.0 uf {38.0 uf }37.9 uf [38.1 uf | 38.1 uf | 38,1 uf {38.1 uf
027 | 38.4 uf | 38.4 uf -38.5 uf 38.4 uf [38.4 uf {38.4 uf 38,0 uf {38,6 uf | 38.5 uf | 37.9 uf |37.9 uf
050 | 38.7 uf | 38.4 uf :38.8 uf 38.7 uf |36.8 uf (38,7 uf [38.6 uf [38,9 uf | 38.8 uf | 38,9 uf 138.8 uf
051 | 38.8 uf | 38.4 uf [38.7 wf 38.9 uf {38.9 uf {38.8 uf |38.9 uf | F/A Fla B/A F/A
026 | 50 na 32 na 18 na 3 ma {800 ua 20 na 27 na  |400 ua
021 | 50 na 32 ma 18 na 6 ua 70 na 24 na 26 na 3ua
097 150 na 35 na 16 pa na 4 ua 15 na 24 na 25 na 3 ua
014 |55 na 25 na 16 na na 100 va | 180 na 64 na 200na 44 e
101 | 5002 {30 0a (15 ma va 40 ua | 50 ma 22na | 26na {100 va
093 | 50 na |26 na |15 ma na 16 ue lua | 20na | 23na |24 ua
:; sg na 34 na 14 na na 2 ua F/A . Fla F/A F/A
50 na {28 ma 14 na na 200 ua 8.4ua i 20na 24 na 70 ua
DC LEAKAGE CURRENT ggc; ;2 na §s ne 14 ma na lwa |180ua | 700 na | L.4us | B/A
na 8 na 14 na na 50 na l4na i 20 na 18 na 20 na
{SPEC: 1000 na)
9 011 |50 (28na (15 ma na 2.5ua | 18 ns 22na | 18 ne 1 ua
na =10, amp 036 ] 60n2 '20na ;l4ma na 80 ua }180 ne 200 na | 21008 100 ua
_ 10-6 037 {50na {20 na ‘14 na e 150 ya | 110 ns 3 na | 2008 160 ua
ua = amp 023 60na (2 na 12 na na 80 ua (2.6 ua 22 na 20 na 5.4ua
035 1'50na 120na 13 ma na 15ma | F/A Fla E/A FlA
03 |55na {20na 12 pa na 150 ua | 1.5 ua 2 na | 18n8 180 ua
033 155 na 20 na i1l ma na 80 va 1200 na 26 na 28 aa 28 va
039 | 5508 [20na 112 ma na 500 ua | 24 ua 26 sa | 150ua | p/a
041 | 50 na 20na ‘12 pa na 2 va 18 na 24 na 16 na P00 na
042 | 50 .na 20na 12 na na 15 ua 2 ua 100 na 200na 20 ua
040 [60na [22na (13 pa na 15ua | 2w 20z | 1508 |10 ua
047 |50na (23na 12 na na 3na | 22na 2%na | 1508 {16 na
027 | 50 na 22 na {13 na na 5 ma 2 ua 50 na 20 na  }140 ua
050 150na [20na f12na {15na i5na (14 na [1.5ma | 25ua 220 na | 10008 BOO wa
051 160na {20na [13na |16 nma (l4éna [15m2 {23 ma | ®/A F/A F/A F/A
g
026 | .838 266 [1.676 .838 733 .698  |1.096 |1.340 .998 998 [1.072
021 §1.266 1,244 {1.633 :1.066 .928 999 .996 | 1.268 .959 1993 994
097 | 1.257 - 1.244 11,668 1.247 [1.073 1.073 {1.177 |1.278 1.070 | 1,277  [1.070
014 | .838 1,244 11.668 .838 977 .837 840 | 1,114 835 .835 870
101 | .840 | 1.244 [1.668 838 733 .837 840 |'1.082 .837 .879  [l.138
093 | 1,080 1,244 [1.672 :1.056 879 914 L917 | 1.090 914 914 .914
081 | .838 {1.244 ]1.690 843 72| 844 703 F/A P/A F/A [F/A
ESR 067 | .825 |1.244 11.650 .825 826 . 827 [1.333 [1.319 1.180 1,113  11.07%
060 | .83¢ il1.244 [1.663 .832 J764 1,903  [6.104 |1.036 796 759 [F/A
(SPEC: 2.9 Ohms) 03t | 1.271 i1.244 1,690 j1.267 |1.093 2,299 [1.199 |1.333 1.263 | 1.227  [1.193
o1l | .838  1.244 1.690 843 846 BG4 846 | 1.087 877 877 877
036 | .838  1.246 [1.676 838 837 1,803 .840, | 1.044 .835 .800 .837
037 | .840 | 1.264 (1.676 840 840 .805 993 | 1.044 .803 .837 .985
023 | 819 1.244 (1,629 817 682 ! 750 822 {1423 1250 [1.214  [1.284
035 | .845 1.246 [1.676 843 776 .809 12,526 F/A F/a w/A F/A
}
034 | .83 1,244 1,676 .832 7664 833 {1.020 1.041 1.0s2  |1.085  j1.015
03 ] .83 1.246 l1.676 .836 872 907 837 11,041 .835 800 .835
039 | .821 1.244 ]1.228 .821 684 684 |1.102 .989 ,750 788 [p/A
041 | .852 | 1l.264 |1.708 .852 782 L824 .853 | 1.025 .851 848 851
042.{ .829 | 1.244 |1.659 .827 J760 .760 .829 .999 790 755 .756
040 1 1.092 |1.244 {1.708 !1.067 891,927 {1.001 |1.212 .889 924 995
047 | .838 | 1.244 |1.676 .838 872 ! .8n L840 11,044 .870- 835 .83%
027 | .829 |1.244 {1.655 .829 760 i760  }1.012 .893 758 |1.014  [1.050
050 | .823 |1.244 |1.642 .823 .752 822 11.649 .989 752 749 684
051 | .821 [ 1.244 [1.646 .819 750 685 |2.454 Fla Fla F/A F/A
MOTE
F/A  INDICATES CAPACITOR REMOVED FROM TEST
SINK AND FORWARDED TO FAILURE ANALYSIS :
LAB FOR INTERNAL SILVER ANALYSIS AND/OR RIPPLE CURRENT APPLICATION ]
FATLURE CAUSE ANALYSIS OC BYAS | RIPPLE — TRIPPLE[OPER
CURRENT FREQ |TEMP
TEST/RATED|TEST/RATED
(vOLTS) J{AMPS-RMS)| (KHZ)}(°C)
210/.25 22 0

Table 2. 10 - Test Data, -021 Wet Slug Capacitors Operated at
40% of Rated Ripple Current for 1500 Hours
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640 uf

640 uf s 690 uf |

711 uf

709 uf

T
216 | 718 uf | 545 uf i TG ae- | KA ! 716 uf] 716 uf
225 | 647 uf| 546 uf) 640 uf 640 uf | 650 uf | 662 uf{ 663 uf 658 4t | NA 655 uf] 655 uf
218') 748 uf | 545 uf | 640 uf' 730 wf | 700 uf | 735 uf, 733 uf . 734 uf I wa 736 uf| 735 uf
226 | 658 uf | 545 uf] 640 uf| 660 uf | 670 uf | 658 ufi 653 uf 654 uf | NA 655 uf| 654 uf
; 227) 662 uf | 565 uf | 640 uf: 650 uf'l 650 uf ; 648 uf! 651 uf: 650 uf. | NA 652 uf; 646 uf
: ¥ : i
. 3 i B i H
223°| 601 uf | 546 uf] 640 uf| 620 uf | 620 uf j. GOl uf; 602 ufl 500 uf : NA 601 uf 603 uf
o 213 | 673 uf | 545 uf | 640 uf 660 uf | 670 uf |’ 673 uf; 674 uf. 671 uf ' va 676 ufi 673 uf
CAPACITANCE 211 | 598 uf | 545 uf | 640 uf! 620 uf | 620 uf | 600 uf!'602 uf; 600 uf - NA 60D uf] -600 uf
217 | 678 uf'h 545 ufi 640 uf! 66U uf | 660 uf | 665 uf| 665 uf, 664 uf | wA 664 wEl 664 uf
204 | 673 wf! 545 uf | 640 uf| 660 uf | 680 uf { 672 uf| 670 uf' 670 uf | NA 670 uf, 670 uf
(SPEC: 5380 ufd - 205 | 700 uf | 545 ut | 640 uf ! 680 uf | 690 uf | 693 uf| 691.uf- - 690 uf NA 690 uf! 692 uf
+75%, -15%) : ; ' : P - :
: i :
! ) t
i i :
H ! :
H i
i :
216} 1.9 ual 2.1 ua | 920mal 2.5ma | 72ua 12,5 vail.5ua 1.0wa i N l0ua B ua
225 1 1.9 ua} 2.3.ua | B60 na |. 2.4 va ; .7 va (2.5 wa{l.8ua 1.0uva | N 1.0 72 ua
218 | 1.9 vaj 2.2 va | 870na| 2.6 va | .75ua ;2.0 va{l.7ua. 1.0va ! MA 1.0 8 ua
226 §'1.9 vaj 2.1ua | 780 nal 2.0 ua | .6 wa ;2.0 wa|l.6ua 1.0 ue N 1.0uaf .7 wua
227 § 1.9 uval 2.3 ua | 790na | 2.6 ua'| .78 va {2.0 va}l.6ua 1.0ua NA 1.0uat .75 va
2231 1.8 uva| 2.0va | 570na | 2.0ma | .62 va |1.75va|2l.5ua" .9 ua N . 1.0uval .7 wa
. 213 1.9 wa| 2.6 val 640 na [:2.4ua | .6 wua .8 wail.5ua .9 ua NA G Buai .7 ua
211 | 3.5 ua| 2.0ua | 580 na | 2.4 va | .52 ua |.1.8 va|l.0va .8 wua M ° Bual .6 ua
DC LEAKAGE CURRENT . 2174 1.5 ual 2.4 ba | -600na | 2.2 ua . .58 va .8 us|1l.6ua;  Bua 1 NA Bua, .6 ua
. ’ 204 |-1:85 val 3.0ua | 790 na | 2.4 uva | .8 wa |2.0 wa|l.5ua’ 1.0wa ! M Yual 7 ua
(SPEC: 9,000 na) 205 | 1.75 va| 3.4 ua | 660na | 1.8 ua {65 ua {2.0 ua|l.6ua 1.0wua | M Bua. 6 ua
9 i
nas= 10_6 amp i i
ua =10 " amp : i
i :
: .
: . )
i i
i | :
216 | 443 | 1.460 | 2.238 | (849 3:459 403 406 400 NA .333 .556
2251 .492 [71.457 .1.989 | .849 4.896 433 432 435 NA 437 1 437
218°] 425 1 1.460 | 2.238 | 654 3.410 .390 .391 :390 NA 389 © 368
226 | 484 4 1.460 0 1.989 | .824 3.562 435 439 .438 NA .437 414
227 481 1.408 {°1.989 | .836 4.080 442 ,440 441 NA 439 619
223} .530 1.457 | 1,989 | .770 3.850 1450 449 .398 ¥A 426 422
: 213§ .473 1.460 I 1.989 | .723 3.958 402 425 356 ., NA 401 . .378
ESR 211 | o532 1.460 | 1.989 | .770 | 3.850 451 469 398, MA 398 ! .398
o 2177 .469 1.460 | 1.989 | .723 4.018 407 .407 359 i MA 383 1 .383
: 204|473 | 1.460 | 1.989 | .824 3.900 426 .427 L2700 ma 404 404
(SPEC: 0.46 Chms) L . N .
R 205 | .455 | 1.460 | 1.989 " .702 3.843 .413 415 369 0 1 ma 392 1 39
: ; i
! ;
: ]
i i
|
H
i ’ |
i
l ] ]

RIPPLE CURRENT APPLICATION __ |
BC BIAS | RIPPLE RIPPLE[OPER
CURRENT FREQ | TEMP
TEST/RATED]TEST/RATED| . .
C(voLts) f(amps-rMSH (KHZ)J(°C)
10/15 1.5/3.2 5.1 89

‘Table 2. 11 - Test Data, Case Size G-5 Wet Foil Capacitbrs
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Operated at 47% of Rated Ripple Current for 1000 Hours




014 | 230 uf | 230 uf | 228 uf | 228 uf | 229 uf [229.uf | 229 ue |w/a N/A 229 uf | 229 pf
018 | 224 uf | 226 pf | 226 uf | 224 uf | 225 uf | 225 uf | 225 e w/a N/A 225 puf | 225 pf
021 } 217 uf {207 uf | 214 uf | 216 uf | 205 uf | 215 pf | 215 ue {n/a N/a 215 pf | 215 pe
022 [ 222 uf 1.222 pf | 221 uf | 221.pf | 222 nf | 221 uf | 223 uf |N/A N/A 223 uf | 223 pf
024 1 229 pf | 229 uf | 226 uf | 226 uf | 227 uf | 225 uf | 227 of |N/a N/A 227 uf | 227 pf
031 | 225 uf | 226 uf 222 of 1222 uf | 223 €. | 225 w€ {224 ne lusa §/A 224 uf | 224 pf
032 I 218 pf | 219 uf | 217 wE | 217 uf | 218 pf |216.4f | 217 pf |n/a N/A 217 uf | 217 pf
038 | 223 uf | 222 uf {220 uf | 220 uf | 222 pf {219 ue | 221 uf Jw/a N/A 221 uf | 221 uf
043 | 215 € {212 pf | 211 wf [211 wf | 212.0f {201 pf | 212 pf |N/a N/A 212°pf | 212 uf
CAPAC|ITANCE 049 | 212 wf 212 pf | 210 pf 230 uf | 212 e | 211 pf | 212 of |w/a N/A 212 uf | 212 uf
052 | 220 pf {222 uf | 221 ps [222 uf | 222 uf |221 pf | 222 uf |n/a N/A 222 uf | 222 uf
062 f 216 wf | 214 uf 211 uf {212 pf | 213 wE {213 pf | 213 s |N/a N/A 213 uf {213 uf
(SPEC: 200fd 059 | 219 uf 218 pf | 217 uf 217 ug J217 uf |217 4 J217 08 [w/a N/A 217 pf | 217 uf
g 058 1 220 uf [222 uf |221 uf |22) pf | 222 uf 222 uf | 222 uf |n/a N/A 222 uf | 222 uf
+15%, -15%) 055 | 220 £ 222 uf 1221 pf 221 uf | 222 wE {222 pf {222 w5 |N/a N/A 222 pf | 222 pf
002 § 214 uf 216 uf 215 uf 1218 uf {215 wf |215 uf | 215 uf |w/a "N/A 215 pf | 215 pf
005 | 220 uf {220 wf {218 uf 218 pf | 219 xf {219 pf | 219 uf |w/a N/A 219 uf | 219 uf
009 | 229 puf 228 uf 226 uf {225 uf | 227 uf (227 uf {227 ue |w/a N/A 227 £ | 227 pf
010 | 218 u 1216 uf |204.uf 216 uf 1215 wf |25 pf | 215 e N/ N/A 215 uf | 215 uf
011 ] 223 uf (226 uf 226 uf | 224 of | 225 uf |225 pf | 225 uf |N/A N/A 225 uf | 225 pf
013 § 234 uf 238 uf [237 uf 1235 uf | 238 pf {238 of | 238 uf |N/A N/A 238 uf | 238 uf
054 [ 220 pf 218 puf (207 uf [217 uf {217 pf (213 € {217 uf |w/a N/A 217 uf | 217 pf
H
i
t
014 | .72 ua 800 na § 200 na | 540 ma | 210 na ! .44.ua | 360 na | N/A N/A 180 na | 170 na
018 } .58 ua | 750 ma { 200 na | 520 na | 200 na | .44 wa | 340 na | N/ N/A 170 na | 160 na
021 | .66 wua | 700 na | 200 na | 480 na | 180 na | . 4 ua | 320 na | N/A N/A 160 na | 150 na
022 -} ,53ua | 800 na | 190 na | 540 na | 170 na | .44 ua | 380.na | N/A N/A 160 na [ 150 na
024 | .57 va 800 na | 190 na | 520 ma | 170 ma | .42 ua | 360 na | N/A N/A 160 na § 150 na
031 | 6lua , 700 ma | 180.na {440 na | 160 na | . % ua | 320 na | N/A N/A 150 na | 140 na
032 { S5 ua | 720 na | 180 na | 500 na | 160 na | . 4 ua | 360 na | N/A N/A 150 na | 140 na
038 +53 ua 720 na } 180 na | 500 na | 160 na { . 4 va | 340 na | N/A N/A 150 na | 130 na
043 § 4B ua | 700 na | 170 na | 440 na | 150 na | .38 ue | 320 na | N/A N/A 140 na | 130 na
DC LEAKAGE CURRENT 049 } .52 ua | 640 na | 160 na | 460 na | 150 na | .41 ua | 340 na | N/A N/A 140 na | 120 ns
052 } .53ua | 650 na | 160 na | 440 na | 150 na | .54 ua | 500 na | N/A N/A 140 na | 120 na
062 | .67 ua 630 na | 150 na | 420 na | 140 na 4 ua | 420 na | N/A N/A 150 na | 160 na
(SPEC: 3000 na) 059 | .67 va | 630 na [ 150 na | 400 na | 130 na | . 4 ua | 400 va !'N/a N/A 140 na | 160 na
058 } .65va | 680 na | 160 na | 420 na | 140 na | . 4 ua | 420 na ! N/A N/ 150 na | 160 na
X -9 055 § .73 ua 750 na | 170. na | 440 na | 140 na | .52 ua | 500 na | N/& N/A 150 na '} 160 na
na=10 ; amp 002 | .68 ua 750 na | 160 na | 460 na | 140 na | .44 ua | 440 ma } N/A N/A 150 na | 160 na
ua =10 amp 005 | .71 ua | 600 na { 150 na § 400 na | 130 na | . 4 ua | 400 na | N/A N/A 140 na | 150 na
603 -} .71 ua 680 na | 170 na | 440 na | 140 na | .45 ua | 460 na | N/A N/A 150 na | 160 wra
010 § . 6ua | 600na | 140 na | 380 na | 120 na | .38 ua | 400 na | N/a N/A 130 na | 140 na
011 { .57 ua 620 na | 150.na | 380 na { 120 na { .38 ua | 400 na | N/A N/A 130 na | 140 na
013 | .63 ua | 650 na | 150 na | 420 na | 130 na | .43 ua | 420 na | N/A N/A 140 na | 150 na
054 | .61l ua | 600 na {150 na | 400 na | 130 na | . 4 ua | 420 na | N/A N/A 135 na | 130 na
014 | 6.918 . 761 .837 837 7664 764 764 N/A N/A 764 764
018 | 7.104 776 .781 .781 849 1416 | 2.534 N/A N/A .849 919
021} 7.333 .733 .818 .818 777 814 814 N/A N/A 814 740
022 | 7.168 788 792 792 747 780 .785 N/A N/A 785 785
026 6.948 766 774 74 759 796 771 N/A N/A W71 .
031 | 7.072 781 .788 .788 773 796 781 N/ N/A .781 781
- 032 | 7.299 799 .807 807 772 810 .807 N/A N/A .807 .807
038 | 7.135 .788 .79 796 756 799 792 N/A N/A 792 792
ESR 043 7.401 .751 830 .830 .79 767 .826 N/A N/A .826 .826
049 | 7,506 .826 .833 .833 794 786 .826 N/A N/A .826 826
0521 7.233 77 792 .788 .735 . 750 717 N/A N/a .788 .788
(SPEC: 1.33 Ohms) 062 § 7.436 818 .830 826 .766 822 822 N/A N/A .882 747
0s9| 7.266 730 880 .752 .807 .807 N/A N/a 807 807
o058 ] 7.233 .788 .792 79 .765 .788 .788 N/A N/A .788 .788
0ss { 7.233 . 788 864 7% 806 .788 .860 N/A N/4 .788 .788
002 | 7.436 .810 .814 .803 777 814 814 N/A N/A .814 740
005 § 7.233 796 .803 .803 .763 799 799 N/A N4 .799 799
009 | 6.948 . 768 845 849 7L L7 841 N/A N/A 841 L7171
010 | 7.299 .810 .818 .884 .789 .814 814 N/A N/A .814 814
011 7.135 T4 .781 781 756 778 778 N/A Wa 778 778
013 | 6.80 135 .806 745 769 .802 .802 N/A N/A .802 .735
o054 { 7.233 .803 .807 .807 .800 .822 .807 N/A NEA .807 807

RIPPLE CURRENT APPLICATIQON
OC BIAS | RIPPLE RIPPLE]OPER |
CURRENT FREQ | TEMP
TEST/RATED|TEST/RATED
{voLTS) f(amMPS-RMS)| (kHZ)](°C)
6/15 0.425/ 50 70

Table 2. 12 - Test Data, Case Size 6-3 Wet Foit Capacitors
Operated at 12, 1% of Rated Ripple Current for 1000 Hours
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106 pf

017 105.1p€ ) 105.0uf) 105.0u¢ | 105.0u¢ | 105.0u£ | 105.0u¢ | v/a N/a 105 p€ | 105 pe
019 | o5 pf | 94.8.8] 94.ope] 95.onf] 95.0u] 95.0nf) 9a.8uf{w/a N/A 94.8uf ] 94.8uf
030 | 95 pe | 9s.5ue| o4.suE| 94.5uf| ga.0ug| 94.ane| v4.4ns|w/a §/A 94.,4pf | 94.4uf
023 94 pf | 94.00f) 94.0f| 94,18 96.0uf] 94.0uf | 94.0u%|N/a N/A 94.0uf | 94.2uf
100 | 100 uf | 99.6uf} 99.7:f] 99.7:£) 100.0.¢] 100.0u5 ] 99.6uf | N/A N/ 99.6uf | 99.7uf
062 | 100 uf | 100.0uf| 99.9f| 99.9uf] 100.04¢ | 100.0u | 100.0uf [ W/A N/A 100 pt | 100 pf
090 | 89 p¢ | 89.0uf] 89.2:f] 89.2.f] 89.04%] 89.0uf| 89.0uf|W/a N/A 89 pf | 89.3uf
. 047 |. 89 e | 89.20¢| 89.3u€] 89.3uf| 89.0uf] 89.0uf| 89.3.f|n/a N/A 89.3.f | 89.5uf
: 065 § 98 puf | 97.4uf| 97.5uf| 97.5uf] 98.0uf| 97.0nf| 97.4uf|W/a N/A 97,408 | 97.6uf
CAPACITANCE . 044 89 uf | 88.5.£] e8.6uf| 88.7uf| 90.9.f| 88.0nf] 88.5.f|m/a §/a 88.5. | 88.6uf
' 043 | 104 puf | 103.5.£ 103.6p%| 103.5.£] 105,042 | 105.0uf | 203.0uf [ N/A N/A 103 pf | 103 uf
040 | 99 ug | 98.20€] 98.2uf} 98.20€| 98 nE| 98 pf} 98 uf|w/a N/A 98.0u | 98.3uf
-(SPEC: 100ufd 039 | 95 uf | 9s.8uf] 94.8uf] 9a.7u£] 95 e 9 pfl 95 uelw/a n/A 95.0uf | 94.9.F
+50%, -15%) 03 | 88 | 8s.ouf| 88.00£] 97.9u£] 88 pf| 87 ufl 88 nflw/a N/A 88.0.f | 88.0uf
‘ 4 038 | 95 uf | 94.3.8] 94.2uf] ou.2uf] 94 pE| 93 pEl 94 uE|m/A N/a 94,00 | 94.3uf
035 91 uf | 90.0nf{ 90.2uf] 90.2uf| 90 uf| 90 pf]| 90 uf{N/a N/a 90,04 | 90.2uf
03 | 93 uf | 93.muf] 93.0u| o2.0uf] 93 ue| 92 pe| 93 uffw/a N/A 93.0uf | 93.1uf
032 89 pf | 89.9uf] 88.9.f] 89.0.8| 89 nf| 89 nf] 89 ur|wa N/A 89.0,f | 88.9uf
027 | 111 pf | 115.0p¢| 111.6p€] 111.6uf| 212 pE| 111 u€ {111 wE|N/A N/A 111.04% | 111.0f
026 § 97t | 96.3uf] 96.4nf| 96.5uf] 96 pf| 96 wE| 96 uf|n/A N/A 96.0uf | 96.4uf
025 | 103 £ | 102.9.¢| 103.00¢| 103.0uf} 103 pf]| 102 pel103 uflw/a N/A 103.0.¢ [103.0u¢
026 | o0 uf | so.suE] B9.5uE| 89.7uf| 90 uE| 90 uE] 90 wefwa N/A 90.0:£ | 89.7uf
017] .57 ua| 450 na | 120 na | 140 na | 110 na | .24 va | 100 na | N/A N/A 110 na | 120 na
019] .40 ual 430 na | 100 na | 120 na | 100 na | .24 ua | 20 wa |N/A N/A 100 na | 100 na
030} .55 ua] 400 na | 200 na | 110 na | 90 na | .20 va | 160 na |'N/A N/A 100 na | 100 na
023} .36 val 400 na | 100 na | 110 na | 90 na | 20 va | 160 na | N/ N/A 90 na | ‘100 na
100] .57 ua| 450 na | 100 na | 120 na | 100 na | .20 ua | 180 na | N/A ¥/A 100 na | 100 na
062] .46ua| 300 na | 100 na | 120 na [ 100 na | .20 ua | 180 na | N/A N/A 100 na | 200 na
090] .40 ua}300na | 80na| 90 na | 80 na | .16 ua | 180 na | N/A N/A 80 na | 100 na
067] 1,20 va| 700 na | 100 na | 130 na | 100 na | .20 ua | 180 na | N/A N/A 90 na | 100 na
045] .30 va| 350 na | 90 na | 120-na | 100 na | .20 wa | 160 na | N/A N/A 100 na | 100 na
DC LEAKAGE CURRENT 044] .40 ua|400ma | 80 na | 116 na { 80 na | .18 va | 160 na | N/A N/A 80 na| 80 na
- 063] .30 va| 350 na | 200 na | 120 na | 90 na | .20 ua | 180-ma | N/A N/A 90 na | 100 na
040] .25 ua|400 na | 80 na | 10 na { 90 ma | .16 ua | 160 na | N/A n/A 100 na | 130 na
(SPEC; 4000 na) 039 .30 ua)420na | 80 na| 100 na | BOma | .16 us | 150 na | 'B/A N/A 100 na | 120 na
03] .18ua|350na | 80 ma | 100 na‘l 80 na | .26 ua | 140 na | n/a N/A 90 na | 110 na
9 038] .18 ua| 350 na | 80 ma | 110 na | .80 va | .16 va | 150 na | N/a N/a 90 na | 110 na
na=10 amp 035 .18 ua| 300 na 70 na 90 na 80 na | .15 ua | 140 na | N/A N/A 90 na j 110 na
ua = 10-6 034 .18ua|300na| 70na| 100 na | 80 na | .14 uva | 150 na | N/A N/a 90 na| 100 na
amp 032 18ual250 na | 80na| 80 na | B0 mna | .13 ua | 130 na | N/A N/A 80 na| 100 na
027] .28 ua|300na| 90 na | 100 na | 90 na | .16 wa | 160 na | N/A N/A 100 na | 130 na
026] .1l1ua|250na| 80na| 90 na | 78na | .14 ua | 150 na | N/A §/a 90 na | 100 na
025] .20 ual 300 na| 90 ma | 100 na | 80 na | .15ua | 160 na | /A N/A 100 na | 111 na
024 .72 uai 600 na 80 na | 110 na 80 na 214 ua | 140 na | N/A N/a 85 pa [ 100 na
i
017] .s2s .555 581 606 606 .758 580 | n/a N/A .581 .581
019 | .s02 .532 .503 w516 .530 670 545 | w/a N/A 546 .559
o3| .502 .533 533 .533 .592 677 547 | N/a w/a i548 .562
023 | .s08 .536 1564 592 592 677 566 | N/A N/ .550 .521
100] 557 .586 612 .638 636 636 | 639 | WA N/A .639 .585
o062 | .557 .530 .571 2586 557 .636 570 | N/A N/A 2570 .583
030 ] .536 .551 ,550 .565 .536 /536 566 | n/A N/A .566 .535
047] 536 550 564 .59 .536 .536 5719 | wa N/A 579 548
ESR 045 | 649 .599 .598 626 649 .656 612 | N/A N/A 613 | le2s
044 | 536 1599 614 .663 .568 723 629 | w/a N/A 629 .59
043 ] 536 .525 .538 .589 .606 568 553 | wa N/a 556 | 515
(SPEC: '1.99 Ohms) os0 | 563 .567 .567 581 609 .609 649 | §/A N/a .555 .553
039 | .s86 573 587 .602 .586 635 670 | N/A N/A .586 573
036 | .633 .618 .633 .582 678 .686 723 | wa N/A .633 618
o038 | .s86 .619 .648 677 642 677 | wa N/A .592 647
035 | .s25 .588 .617 .632 .619 648 707 | n/a N/A 619 .603
034 | .513 584 .599 .599 642 649 686 | N/A N/A .599 584
032] 53 649 686 685 .685 .670 715 | n/a N/A .626 .686
027) .57 .530 558 618 .568 .538 573 ] N/ N/A .502 is61
026 | 656 .620 743 72 .663 .622 663 | n/a N/A .663 729
025 | .618 .631 664 .669 .618 .585 618 | n/a N/ .618 .682
024} 530 .533 .548 .562 575 .575 530 | w/a N/A 619 .547
i
RIPPLE CURRENT APPLICATION
DC BIAS | RIPPLE | RIPPLE|OPER
CURRENT | FREQ |TEMP
TEST/RATED| TEST/RATED,
(voLTs) {(amMps-rMS)| (kuz)](°C)
35/50 0.425/ 72 70

Table 2.13 - Test Data, Case Size G-4 Wet Foil Capacitors
Operated at 12. 1% of Rated Ripple Current for 1000.Hours
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Case Size Amp -Hours

GT-1 60
GT-2 ; 705
GIT-3 1215

3. Those wet slﬁg tantalum capacitors whose DC 1eakage currént i
went out-éf-spec aftér vibration would not be included in the
population used to assesé'performance iﬁ ripple current applica-
tiomns.

2,2.1 Wet Slug Tantalum Capacitors

Thréee groups of case size GT-3 wet siug fantalum capacitors (Dash
Nos.: =007, -010 and -024) were subjécted to the ripple burrentvtest.
Figure 2.4 is a family of curves which illustrate electrical performance
trends versus part and design requirements for the GT-3'ca§g éize wet
slug capacitors. Shown are ratios of measured parameter vaiues to para-
meter specvvalues for ESR, Capacitance and DC leakage current plotted as
a function of stress (i.e., ripple current amp-hours). Impbrtapt‘milgj
stones in the test program such as the end of each 60 hour sterﬁlizatién
heat soak cycle and the end of 50 G sinewave vibration testing are identi-
fied. All MMC measured data are presented as solid lines. Corroborating
data from LRC FID are shown as dashed lines.

The LRC FID data is based upon -007 MIL-SPEC equivalent wet slug
tantalﬁm éapacitors'that were subjectéd to ripple'currents of twice their
rated value. The LRC FID tests, Which were at_ripple current frequencies
of 120 Hz, 1.2 KHz, 12 KHz and 120 KHz, were basically a life test since
no other stresses were induced, Measurements were made at the 100, 300,

500, 1000, 1500, 2000, 2500, énd 3000 hour points during the tests. The
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high capacitance value ratio for the -007 MIL-SPEC equivalént wet slug
tantalum capacitors tested by LRC FID is attributable to the fact that
the MIL-SPEC equivalent parts are purchased to a * 10% capacitaﬁcevépéé
limit while Viking parts‘are purchased to a £ 5%‘qapapitan§e sbec.

The data thru the 150 amp-hour accumu}agéd ripp}e current stress
point for the 25 case size GT-2, Dash No. 021, wet slug tantalum capaci-
tors tested (see Table 2.10) show trends similar to the GI-3 case size
capacitors. No case size GT-1 wet slug tantalum capacitor; were in-
cluded in the ripple current test program.

Based upon the observed data trends and the_similarify of construc—
tion of all Viking wet slug tantalum capacitors, it is concluded that
Viking ripple current applications do not degrade the electrical perfor-
mance characteristics of wet slug tantalum capacitors. Further, no
significant difference in the capacitors measured electrical values
were noted’as a function of test variables (i.e., operating temperathé,
ripple frequency, ripple current magnitude and DC bias).

2.2.2 Wet Foil Capacitors

One group of each case size, G-3, G-4, and G-5, wet foil capacitors
was subjected to the ripple current test.

Figure 2.5 is a family of curVgs which illustratg'électrical perfor-
mance frehds’vefsﬁs'part aﬁd deéiga:requiféménﬁé for Ehe éase size G-3
and G-4 wet foil capacitbrs teste&. Shown are rétioé‘of measured para-
meter values to parameter spec values for ESR, Capacitance and DC leakage
current plotted as a function of stress (i.e., rip?le current aﬁp-hour).
The end of each 60 hour sterilization heat soak cycle and the end of 50 G

vibration are identified. The trends shown in Figure 2.5 indicate that
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wet foil capacitor electrical parameters are not degraded in ripple
current applications.

Detail data on the case size G-5 wet foil capacitors tested are
presented in Table 2.11. The data for these capacitors is not as
consistent as for the other capacitors tested. It has been concluded
that:

1. Erratic ESRs up to the 200 hour point of ripple current
application were most likely caused by measurement or
recording errors; and,

2. The overall characteristics of the case size G-5 wet foil
capacitors are in general accord with the case size G-3 and
G-4 wet foil capacitors tested,

STLVER MIGRATION EVALUATION

Before the wet slug tantalum capacitor ripple current testing
started, 21 wet slug capacitors were sent to the MMC Failure Analysis
(FA) Laboratory for evaluation. These capacitors, selected at random
from the same date codes as those capacitors mounted on the ripple
current test sinks, formed the control sample against which ripple
current test specimens would later be compared to determine if ripple
current does induce silver migration.

The FA Lab dissected the 21 capacitors and performed a visual
examination of the anode and case to detect the'preSence of free silver
(caused by silver migration). The visual examination was followed by a
quantitative chemical analysis of the anode and electrolyte to determine

silver concentration levels,
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Following the completion of wet slug tantalum capacitor ripple
current testing, forty-six (46) additional parts were selected from the
ripple current test specimens. These 46 capacitors were also sent to the
FA Lab for dissection, visual examination and chemical analysis.-”

Detailed silver migration evaluation data is presented in Volume II
of this report.

4.0 MEMORY TEST PROGRAM

The test program to determine if a memory phenomena does exist in
wet slug tantalum capacitors consisted of:
1. Subjecting 25 wet slug capacitors to a constant DC bias level
of 8 VDC for 1000 hours at a temperature of +70°C; followed by,
2. The application of the capacitors' rated voltage and measurement
of charge current.
The test specimens were case size GTfl, 8.2 microfarad, 60 volt wet
slug tantalum capacitors. Ten of the twenty-five were selected from a
group of‘capacitors which had been p;eviously subjected to a 2000 hour
Life_Test‘at a DC bias of 60 volts., The remaining fifteen were obtained
from Viking flight inventory.
. In electrolytic capacitors, a memory condition is denoted by exces-
sive charge and/or leakage current When avsignificantly higher than
~normal operating voltage is applied. For example, if an electrolytic
capacitor (typically an aluminum foil) is stressed by a voltage of only
lO% er’sayqf,its rated yalue for an extended‘period of time and then
’ rgtgd voltage ;s,applied, the capacitor will exhibit abnormally high
7chgrggvapd_1eakage‘currents,until either the capacitor has reformedvto the
v"higher_volpage or it catastrophically‘destroys itself. Becuase of this

high charge and/or leakage current characteristic, capacitor charge current

versus time was selected as the best evaluation parameter,
28



5.0

Figure 4.1 illustrates the setup used in making the memory test
measurements. The power supply output voltage was set at 60 VDC with the
aid of the digital voltmeter. Switch S-1 was kept open while the capacitor-
under-test (CUT) was connected to the terminals of the test fixture. A
stripchart recorder was connected across the 1000 6hm shunt resistor.
Switch S-1 was then closed and the CUT charge current was recorded on the
stripchart recorder,

Figure 4.2 shows the minimum and maximum charge currents of all
the 25 capacitors tested. All test specimens yielded the standard RC
charge curve. No excessive chargé»or leakage currents or other anomalies
weré observed.

It is concluded that once a wet slug tantalum capacitor is "formed"
(at a given voltage during the maﬁufacturing process), the subsedﬁent
application of voltage well below its rated value for an extended period

of time has no effect on its operational characteristics.,

CONCLUSION AND RECOMMEﬁDATIONS

The test program was invaluable in establishing a better under-
standing of wet slug tantalum and wet foil capacitors. Because the
ripple test accurately duplicated real life conditions, Viking Project
Management has a greater confidence that wet slug tantalum capacitors
are being properly applied in the Viking Program and that their reliability
is acceptable,

As a result of this test program, it is concluded that:

1. Wet slug tantalum capacitors are being properly applied in the

Viking Lander;
29



STRIPCHART RECORDER
HEWLETT -PACKARD
MODEL 7100B

; , ' , 1000
"*DC POWER SUPPLY - cr—%)———:]__CAPACITOR
KEPCO ohms Sy ‘ UNDER
MODEL KS-120-5M Y \ O~ TEST
f TEST FIXTURE

DIGITAL VOLTMETER
DANA
"MODEL 5233-5-4185

FIG 4.1 WET SLUG CAPACITOR TEST
MEASUREMENT SETUP
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It

wet slug

Viking ripple current levels, frequencies, and waveforms,

have no significant effect on either wet slug tantalum or

——

wet foil capacitors.

Wet foil capacitors are being properly applied in the Viking
Lander and are acceptable alternates to wet slug tantalum
capaciﬁors in terms of electrical performance.

Wet slug tantalum capacitors do not exhibit a memory effect
and cén therefore be used in much lower than rated voltage
applications without degradation.

is recommended that the re-qualification of the double-crimp

tantalum capacitor be pursued through its completion.

32 NASA-Langley, 1974 ——
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