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Myth 1: Ta Caps are Conservative Pag

Facts:

< Time and place of development of solid Ta capacitors and
transistors is the same: Bell Labs, mid 1950s.

< Moor’s law is applicable to tantalum capacitors.

& Competition with other technologies  NewTechnologies in Solid chip

Electrolytic Capacitors
forces innovations. - e ;
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Trends: High CV and T, &
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ngh CV tantalum capacitors:
Ll Have thickness of Ta205 less than
100nm => nanotechnology devices.

0 Surface area of a 330uF/10V capacitor
equivalent to 10'° 1uym gate transistors.

{J Dielectric operates at higher E.
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Trends: @

New Package Design (Downsmng)

Facedown Termination = Increased Volumetric Efficiency

Ta Capacitor Packagmg Technologies
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Py MicroTan®
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Conformal Coated
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AVX 2008; TAC microchips
Available from 0.47uF to 150uF (2V o
25V}, EIA codes from 0402 (1005) to
‘ 1210 (3528) ‘ B
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- Vishay 2007 MicroTan capacitors -
) Muiti Array Packaging (MA P)

No Ieads to prowde stress relieve => more problems
related to soldermg-mduced damage?
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materials: multi-anode, flute, g. i i
pyrolysis conditions, polymer g @ i el i@ 1
cathode. LI -
D:llo;ts Efg'r" higher ripple currents: O e mw me mo e
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'Warnings: ' , . 22uF 35V Capacitors
. U1 Too low ESR can cause: @ .
¥ Oscillations in switch mode PS at 5T wxX NS
ESR = 15 mOhm. Che L e
z ¥ Increased probability of surge current failures ’2 ’“‘"m T —
. O Part number does not indicate real Do oo e
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Trends: Low ESR/ESL

Polymer Cathode
Decreased ESR Tantalum Capacitors

U Achieved by design, process, and b u KENET
k

Myth 2: Testing per MIL-PRF-55365 &
Guarantees High Quality of Parts

@ Screening deficiencies:
0 Surge current testing (test conditions, requirements).
1 Leakage current measurements (test conditions, requirements).
{1 Burn-In conditions/Weibull grading (test conditions).
1 No breakdown margin verification.

¥ Qualification deficiencies:
U Effect of soldering stresses is not addressed properly.
1 TC conditions do not allow using parts in MIL-PRF-38534 hybrids
without additional testing..
1 Life test conditions are not stressful enough.
O Breakdown voltages after environmental testing are not verified.

L Accordmg to the document, the pam cannot be used:
2 In unprotected environments (?). - co
Q At Ac currents exceeding nc currents (?)
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Myth 3: Failure o]

Mechanisms are Well Known

¥ What is well known is failure mode
and conditions:
Q First turn-on failures resulting in ignition.
Ul Failures during long-term operation
resulting in short circuit,
Q Failures due to reverse bias resulting in
thermal runaway.

Surge
current
failure

o Failure
£ aftera -
few hrs of
box level

@ There is no commonly accepted test

- expianations for failure met:hanisms

<’ Understandmg of mechanisms of

. degradatlon and failures would allow: -
Q Choose correct acceleratmg factors'
S Design better S&Q test plans; . :
CI Determine ]ustlfiable deratmg condltions

‘Reverse
‘bias .
failure .

rsumdmnwmmummm e Tachnology Workehog dund 233, 2070, NASA GBFC, Grasobek, M0, * -+ . "3

Myth 4: Breakdown Voltages L
Significantly Exceed Rated Voltages

@ Failures as a time dependent dielectric breakdowns.
& VBR_SCT and VBR_scint are critical to characterize quality

and reliability of tantalum capacitors. | M. =100xBR=VR
@ Margin verification test. P o ,
Scintillation Breakdown Margin Surge CumentBreakdown Margin
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= MlL and commercial parts have s:milar distnbutlons :
- 0 Haif of the MlL—spec lots have >1% probabiilty of failure during SCT
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Myth 5: Specified Soldering ﬁ
Conditions Cause no Damage
Q First turn-on failures are often attributed to soldering.

@ MSL is not established for chip tantalum capacitors.
@ Pop-corning in Ta capacitors exists.
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Post steam-ageing fracture . Deformation of Tantalum Capacitors -

_ ... might result in short crmurt - Dunng Reflow Soldenng Simulation -
g Moisture sorption, mcreases deformatlon of the package L
-0 Fractures of the package durmg so!denng might happen. s
] Baking before soldering mtght ehminate package damagmg, i )
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Myth 6: Ta Cap Can Withstand @
Reverse Bias Conditions up to ~10%VR

» Not verified for solid and wrong for advanced wet tantalum capacitors.

@19 DSCC drawings for non-solid and 9 for chip tantalum capacitors were
issued during 2006 to 2010 period .

< 1n many cases DSCC parts are essentially commercial capacitors.
& Advanced wet tantalum capacitors might fail at reverse bias ~150 mV,
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Reliability of ngh-Voltage Tantalum @

Description: FY10 Plans:
fon test its and methodology di f during 1 - Differont types of S0V and 83V military and commercial
2000 task, reliabliity of new high voltage untalum capacitors with comparabie characteristics, but obtained
P will be d using lorated iife tasting. | from different vendors, will ba used In this study.
Safetymafgfn; for scintlllation and surge current -1 Distributions of AC and DC characteristic's of the parts,
will be eval for d;g,,..m types of Inciuding surge current and scintifiation breakdown
. vl Degradi of ts and | voltages, and leakag wiil be ‘, d.
fallisros wiif be Investigated, the mechanism of fallures wil ?;,: ° ;i;;fg:'y“dm' wted iife -t different
38 lovels u
:o dl:ixtt:;eﬂ and derating requirements will be compan rellablitty of di ttypes of hlgh-
“gg - , and terating #
a Tbo existing scroening, qualification, snd derating
requirements for high-voltage capaci will be tyzed.
Schedule: . ' ) Deliverables: , )
: o C T} The delfverable Is & report {white paper) containing
Rellability of HY 010 analysis of iterature data and test results obtafnwin this
Tantalum Capack JTFTMIATM] JTITATSTOINT D) study. - .
Quaterly reports U R o for g, qmllﬂc.tuon, and .
Measwements of C. D ESR V T T 11 derating M‘-‘"mﬂ cT Lo
" Analvsis of distributions U Results of analysls and nlhbirny qua;!ﬁcntlon R
Accelernted testing P hos will be d¥ tacturers of
_ Breakdown voltages capachiors, presented at CAR!’S and ot!m confomm:es,
Analysss of test results ‘”d blished 'EEE :
White paper i o S
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Goals for FY10 | g

U Analyze absorption and leakage currents in tantalum
capacitors. Develop simulation models and
determine selection criteria.

U Investigate degradation of leakage currents under
reverse bias.

U Analyze behavior of oxygen vacancies in Ta205
dielectric of solid tantalum capacitors using HALT
and TSD techniques.

Discuss derating conditions.

Recommend Bl conditions at dlfferent temperatures
using s:mu!atlon models. i

- U Present results at CARTS and ECTC publlsh three o
' ‘papers. \ i

0D
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Expected Impact to Community

Q Screening and Qualification
A system of tests to select and qualify solid chip tantalum

capacitors for high-reliability applications has been suggested.

U Using HALT
Accelerated life testing at high voltages and temperatures can
be used to assure quality for critical systems.

O Assembly
Bake before soldering might eliminate package fractures.

0 Analysis of anomalies
Accumulated statistical data and techniques can be used for
comparative assessment of quahty of capacators in case of
anomalies or failures.

U New Technologles . ‘ '
. Developed methodolo%y allows for assessment and
quahﬂcatsan of new te nologres for space apphcatlons

ra&minmwmmwmmm L — Suvw 2224, 2010, BARA GHEG, Gramoult, 2. ¢

©

Status/Schedule | @

U The necessary parts has been acquired.

(J PC-based experimental set-ups have been
upgraded and the necessary programs developed.

U TSDC technique has been developed.
O Most of experiments will be completed by 9/10.

U The data will be analyzed and report written by
October 2010.
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Highlights/Accomplishments @

O Experimental techniques for characterization of tantalum
capacitors including step stress surge current testing ,
scintillation breakdown testing, monitored HALT, and TSDC
have been developed.

U Failures in solid tantalum capacitors — under surge current
and steady-state conditions have been studied and relevant
physical mechanisms suggested.

O Drawbacks in the existing requirements for S&Q have been
analyzed and new test procedures have been recommended

Cl ‘Based on characterization of multiple lots of mllltary and
L commercral parts a baseline for quahty assessment of new -
technolog[es has been developed ‘ ‘

Tll L'.‘.I Results of this study have been pubhshed in 9 papers in IEEE
Transacttons, Proceedmgs of CARTS WOLTE and ECTC

S
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Plans (FY10/11) @

Based on the Physics-of-Failure approach, developed
methodology, and accumulated baseline data for solid
manganese oxide tantalum capacitors evaluate quality
and reliability of new technology electrolytlc
capacitors including:

{J Hermetic and chip high-voltage polymer capacitors
O Niobium oxide solid chip capacitors

~ QO Micro-package capacitors
E]Advanéed wet tantalum capacitors

To be presevted at the st NASA Eiectronic Parts snd Packaging (NEPF] Frogram Elecirook: Technology Workation Juse 2134, 283, RASA OSFC, Greenbelt, 0.~ . 3§ -
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Backup slides

Mechanisms of Failures: Breakdow

Misconceptions regarding Surge Current Breakdown:
U MIL-spec parts have VBR > VR.
&l Failures occur during a few first cycles only.
{ Proving can eliminate turn-on failures.

correlation between Nf and VBR SCT on "proven” parts
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Mechanisms of Failures:
Breakdown, Cont.

Scintillation and Surge current breakdown.
O Both types of breakdown have the same nature: local
e injection -> avalanche -> thermal breakdown.
d The value of VBR depends on the rate of voltage increase
and trapped charge.
O dV/dt is the most critical factor during testing.

Probability - Weibull
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Mechanisms of Failures: Life Testin

@ Misconception: scintillations are
just a nuisance and parts are
fully recovered by self-healing.

& Scintillation breakdowns are
damaging, they reduce VBR,
increase DCL, and reduce time- TF =1, xexp AH [
to-failure. kT

@ Failures can be considered as 0 .

Failure Simulation
Distribution of VBR:

100uF 16V st 125C 24¥

Vir =77x[—ln(l—p }%
Thermochemical model of TDDB:

“)

time-dependent breakdowns. -
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Mechanisms of Failures: HALT

Misconceptions:
 Tantalum capacitors at high T and V are doomed

by thermodynamics.
1 Reliability is limited by field-induced crystallization. i
1 HALT can not be applied without irreversible degradatlon of oxide.

Reproducibility of degradation in 4.7uF 50V capacitors
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Post—HALT annealing at 140 °C, 160°C, and 180°C
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Effect of Charges in Ta205 @

Calculated I-V Characteristics
Degradation of LC during HALT at different Q, (x = d)

and recovery during annealing Effectal chorge on S0V capacisr
are explained based on 1e02 g =
migration and diffusion of V,**
in Ta,0; using a modified
Schottky conduction
mechanism.
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Simulation at Q= 0.1 C/m? , y,=

Simulation of Degradation

The model allows for 8.9E-3cm?V_secand U =1.1eV
simulation of current Cumentdegradation at 50V HALT
u
degradation for different e
concentrations of V,**, Q,and E"; P, TR 1
. 1ED !
mobility p(T). 5 tem % f j
' g 1E07 § J
Time to stabilization, f,,, 1608 =
. . ' ) 1€-09 r '
d? 1610 “
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IR { S tmehr 3
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Failures under Steady State Conditiog

@ Probability of failure:
P =Pyer % Pyeg
Py~ probability of having a defect in Ta205;
{correlates with the probability of breakdown voltage).

Pgeg— probability of current degradation.

{correlates with concentration and mobility of
oxygen vacancies).

@ To assure rellablhty of tantalum capacitors:
a Safety breakdown margin control; -

D Low level of current degradatlon andlor Iow TSDC
peak .
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