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ABSTRACT

This will detail this new space product showing history of thigdpct and results/data from teealuation study. Base
metal electrode technology has been used inatitemotive industry for many years. The basis dtomotive
gualification ie. AECQ200 specificatiorand Advancements in ceramic technology including particle size reduction,
led to a higher volt per micron in dielectric strengtith the Base metal eleodesystem. Also improvements irthe
equipment required to successfully castnt and stack very thin ceramic layers leasbled the production of higher
capacitance components. ESA asked AVX to take part in a study using BME technology asstfar Hasievaluation
study. The ensuing programme including extenge®ting of the components and interpretation of results took
approximatelytwo and half yearto complete. The results of the test programme showed that the AVX high CV BME
product was witable for space applications and this product is now avaikblEPPL level 2. This will result in the
space industry having available much more volume efficient ceramic capacitors. Slgalier,components can now

be used to replace larger capadtof a similar voltage/capacitance combination. ER®L qualification range is based

on one particular X7R formulation that was in common use 3 to 4 years ago. Since then the automotive product has
moved onto another ceramic formulation which has givethén improvements. It is envisaged thdien AVX carry

out the QPL qualification of this product range this new formulation will be utilised thereby delivering further
efficiency improvements. As ESCC embrace this technology they will be able to taketamgvaof its future
developmentowards ever increasing CV.

INTRODUCTION

This paper describes the technicahleation of BME X7R Multi Layered Ceramic Capacitors (MLCCsing a
perovskitemateria] Barium Titanate These products have been manufactured for twenty years by the MLCC
industry and have gradually replaced most ofRhecious Metal Electrode (PMEjacitor systemi all applicatians
with the exception of spacequucts where there are restrictigriaced on the use of BM&apacitorproducts

BME systems normally use nickeleetrodesinstead of thd®ME combinations(Palladium/Silvey as the electrode
structure. This is accompanied by @&hange to theermination material set from a SilvBalladiumor Silver
termination to a Coppeetminationmaterial. BME capacitors consishainly of nonreducing dielectric materials,
barium titanate, doped with a range of intermediate ionic sized rate ieag. The ionic rare earth ions are used
primarily to improve the reliability performance of the dielectric matéfal

Ceramiccapacitors with BMEsystems areow used in almost all areas déetronics such as Automotive, Medical,
Industrial, Telecommunications and many commeraigplications. Even in the Space Industry there are some
occasions where the only availatproduct utilises a BMnaterial set and therefore is seledmdusebut tested to the
usual stingent requirements fopsace.

The present wplified BME ceramic capacitoproduct range available from AVX LimitedAVX) contains Surface
Mount, Leaded Products and Stacked Assembly type produlttsh are supplied throughout Europe éine rest of the
World.



EUROPEAN SPACE PRODWCT EVALUATION PROJECT

In 2008 a program for evaluating BMEBgacitors was initiated between the European Spgeacy(ESA) and AVX
This program involved planningphaseto establistwhich ceramic apacitorproduct angedo be evaluatetbr Surface
Mount Devices(SMD) and wha type of estingprograms should be usedlhe testing was carried out BVX06 s
laboratories witlthe use oflub-contractorsor the ®ldering processes to mount th CCs on tothe printed circuit
boards PCB). ESA designed thdormat for the reliability testingwith a significant focus orii werstressing the
componersg using higler temperature and voltags to establish the grformance of the producange at elevated
conditions

The initial poduct range of intesst was established using a comporeatesize from 0®3 (EIA values)up to a
maximum size of 1812 The smaller0402 BME productsvereavailable but were not selected foe #tvaluation back
in 2008, although since then their actual usage hasased ignificantly across many electrorépplicationsand are in
demand significantly throughout the USA Space and Aerospace industries

The wltage range selézd for evaluation was from 28 - 100V, the morecommon ligher reliability \oltage range.
The 25100V capacitor product range is positione@ll inside the current BMEange, 4V i 3 KV) and has a long
history of reliability data. The product portfolio map illustrated in.Figndicates the various selected range of
componentsisedtodayincluding that of the range used for the E&/4luatiorwork.
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Fig. 1. ESA Evaluation Study Range

PRODUCT DESIGN FOR SPACE APPLICATIO N

MLCC product desigtis based upon four key component arefia capacitardielectric layer thickness, side/end
margin dimensions, capacitor cover layer thickness and capacitancesallustrated in Fig2 *.

Ceramic Layer Dielectric Thickness

BME capacitor products are presently utilisifiged dielectric hickneses of anywhere from <=2m for low voltage
(4V) X5R devices to 8(m for the higher Voltagé2kV) X7R devices. So the 28 - 100V X7R product would have a
dielectricthickness irthe region obum to 18um depending on actual voltagating. This may differfrom supplier to
supplier but these are typiasign parameters for the AVoduct range.

For all of the spacerpducts desiged for this evaluation the AVXlesign team deded to use a very conservative
approach and build in additionaiedectric layer thickness beyond the present Automotive designs. As an example the
present 50 automotive grade would use &kbctric layer of around 4.55um and for an equivalenpsacepart a figure

of 11um was chosen as the minimum for ceranaiger thickness.



Capacitor End and Side Margins

The capacitormargins are used to protect the innefeetrode structure from the outside environment and the end
terminationswith an opposing polaritandare usually made as small as feasible for manufactsings tamaximise

the area of the electroddape and hence theapacitance valueThis means that the minimum designed side and e
green marginfor a commercial padrearound 75m, whereas for aniomotive part this would be 1(@n.

For the spacerpduct designs this was setlatQum for 25V rated poductfor both side and end margits ensure an
extra desigrsafetyfeature.

Dielectric Cover layers Top and Bottom
The @ver layers that are set on ttog and bottom of the internal electrodack are designed normally at a minimum

of approximately 7am for a canmercial part and 1Q0n for an aitomotive part. For the pace product designs the
25V has minimum cover layer thickness of fur?the 50V parts have 1@ and the 100V parts are minimum 160.

Capacitance Value

The capacitance value for each MLCC case size is determined by the folkEyuaton (1)

(N . 1)A 0

Here, Cis capacitancbo.lis the dielectric permittivity of the MLCC materials, N is the number of electrodes layers, A is
overlap area of the internal electrodes and t is the thickness of each of the dielectric layer.

The design teanuse thisformulaeto calculate the actual numbof electrodes needed for tmequiredcapacitance
value.

C=

0y

Fig. 2 Showsthe key component areas of a capacitorer layers, margins and dielectric thickness

Termination (Cu + Epoxy) Cover Layer

Effective Plate Area EPA Margins

Fig. 2. Capacitor Design.



PRODUCT SELECTION AN D DESIGN DETAILS
Six capacitovalueswere selected bthe ESA for evaluationand thesecoveredthe following criteria

The five caseiges 0603,0805, 1206, 1210, 1812

The three wvltages 25, 50 and 100V

The maximum apacitance value §.F

The product with the maximunolitage stress placed oni i, the 1812 100V 2.RF has avoltage stress of 5.6
V/um

The detds of this test summary are iraible 1below. This gives the detailed design attributes of each péint tive
number of activedyers the dielectrichickness @green),the minimum cover layers and the sidad margin minimums
for each of the six selected parts festing. The Vum value is a theoretical tailation based on designs ancltage
rating. The capacitance, IRnd DFvalues were measured on a-pegibrated HP4278A and HP4339B metdrkermal
cycling testing was completed on ESPEC Thermal Cycling chamber.

Table 1. Test Vehicle Summary

06033C184 4 8 12 8 170 170 765 3.1 110
08051C104 43 18 200 18 254 254 76.5 5.6 50
12065C105 m " 160 9 170 170 76.5 45 30
12105C105 88 13 160 9 170 170 76.5 38 20
18121C225 131 18 176 18 254 254 76.5 5.6 7
18123C825 215 9 240 8 203 203 76.5 27 7

+ 8 um chosen for min dielectric thickness to meet TC X7R requirement
* Number of active layers ranged from 43 to 215

ESATEST EVALUATION PROG RAM

The program as set out B5A had 4 phases to itThis is shown Fig. 3

INITIAL ELECTRICAL
MEASUREMENTS

GROUP 3 GROUP 4
Contrel Group  [25pcs Destructive tests Steacy-siste m

INITIAL INSPECTION

Accelerated Life
test

25pcs 25pes 25pcs

SUBGROUP 24 SUBGROUP 28

Step-stress Selection of

Accelerated Life
Conditions.

SUBGROUP 2B (1) SUBGROUP 2B (I1)

Step-stress test

* VOLTAGE STEP STRESS TEST = VSS : TEMPERATURE STRESS TEST = TSS

* For Sub Group 2B and Group 3 , Tests were halted as soon as 50%+ fails were realised

» Analysis was performed on all components that were stressed to electrical failure.

+ Life Test Conditions (ie Group 3) were decided by ESA based on VSS & TSS results(ie Sub Group 2B)



Fig. 3. Test Programme
Group 1

Completel initial electrical, visual and dimensionahalysis on 25 pcs from the giart numbers by selecting rando
samples from production lots.

Group 2
The secongbhase hd two subgroups:
Subgroup 2A

Thermal Shok test or25pcs from each lot.

Subgroup 2B
This Sub groupvassplit into avoltage andemperaturestresstest whereby the samplase deliberately ovetressedn

an increasingtep sequence until 5% of the samples have failed.

(1) The capacitor samples were initially tested 28°C for 168hours thenwith the voltage st at
increasing multiples of ratecbitage;example4 x rated wltage first stepA 5 x rated wltage second
stepA 6 x rated etc.

(2)The capacitor samples were initiatBsted at ratedoltage for 168 burs with the émperature set at
increasing levels from 106G A 125°CA 15C°C etc up to 22%C.

Group 3

Group 3test regime whereby theampleswill be tested at significantly elevated voltagand tmperaturg
combinations for up to a maximum 2000hrsilusd% of the parts have failedlhese test conditions will be well above
any normal parameters aatedesignedo take the product to failure.

Group 4

Group 4 was akSD test on a sample from each of the six part numbers.

RESULTS FOR GROUP 1, 2

Group 1 Results

All of the amples for eacbf the part numbes were inside gecification

Group 2 Results

The thermal shock results froBubgroup 2Awere of surface mounteILCCs whichhad beerreflow soldeed and
then subjected ttemperatureshock from -65°C to 128C through 25 ycles, details are below iRig. 4 This is a

standardest whichall products would be expected to pass and riectie were found in any of thamples testedsee
Table 2 for results



MOUNTING

30min @ -65°C

30 min @ +125°C

5min @ +25°C

ELECTRICAL
MEASUREMENTS

MOUNTING IEC 60384-1 - IEC 60384-1 Reflow oven
THERMAL SHOCK -65 / +125; 25 eycles - ESCC 2263000 | Cyclic temp. chamber ESPEC
EXTERNAL VISUAL - ESCC 20400 ESCC 20400 Microscope
CAPACITANCE 1hHz, 1V UHR/QAC/ 35-94 |UHR/QAC/ 50-05] HP 4278A, CAP calipers/scanner
DF 1kHz, 1V UHR/QAC/ 35-94 |UHR/QAC/ 50-05] HP 4278A, CAP calipers/scanner
INSULATION RESISTANCE 1°RV UHR/QAC/ 35-94 |UHR/QAC/ 50-28 HP 43398, IR scanner

Fig. 4. Thermal Shock

Table 2. Thermal Shock Results

Test Results :
( Conditions -65°C / +125°C @ 30min / 25cycles)

+ All parts were electrically tested before and after Thermal Shock:
for Capacitance, Dissipation factor and Insulation resistance.
« All parts were inside electrical specification limits .

Subgroup 2B
Sulgroup?2B is split into 2B (1) and 2B (2).
Subgroup 2B (1)

This sulgroup of partswvere tested with increasing voltagéresss until 50% ofhe partshadfailed, the failure mode
beingdefined by a short circuit (<= 1IMOhm Resistance).

Note any failed part wasubsequently realysed and categorisedlhe test cycle is shown below iRig. 5 with the
reference specifications and equipment.

During each step of thest the samplexperienced 25°C for 168hours in the life chamber with theoitage factor set
to multiples ofthe rated wltage. The exactoltage settings are shown imfle 3.



MOUNTING

18123C825K

Gla

=

06033C184K

N

50 75 100

12105C105K S0V 100 150 200

ELECTRICAL p— . -
MEASUREMENTS 12065C105K S0V 100 150 200
08051C104K 100V 200 | 300 | 400
18121C225K 100V 200 | 300 | 400

VOLTAGE STEP <
The step-stress sequences
shall be terminated when 50%
of the speciments have been
destroyed

!
ELECTRICAL :
MEASUREMENTS :
:

!

!

:

RESULTS

MOUNTING |EC 60384-1 - |EC 60384-1 Reflow oven
VOLTAGE STEP 125°C - ESCC 2263000 Life oven
CAPACITANCE 1kHz, 1V UHR/QAC/ 35-94 | UHR/QAC/ 50-05| HP 4278A, CAP calipers/scanner
DF 1kHz, 1V UHR/QAC/ 35-94 | UHR/QAC/ 50-05| HP 4278A, CAP calipers/scanner
INSULATION RESISTANCE 1*RV UHR/QAC/ 35-94 | UHR/QAC/ 50-28| HP 43398, IR scanner

Fig. 5. Voltage Step Stress (VSS)
Table 3.Voltage Step Stress (VSS)

Results Summar

25 1812 8.2 2.7 0 0 [ 0
25 0603 0.18 3.1 0 0 0 0 3
50 1210 1 3.8 0 0 0 0
50 1206 1 4.5 I
100 0805 0.1 5.6 0
100 1812 2.2 5.6
Colour coding vs Failure mode + Conclusions :

- Generally the higher the Voltage Stress the earlier the
failures occur

1 or more manufacturing defects detected
100% Ower stress cracks, Stress Fails or dielectric breakdowns

Mo defect found but minimum margins observed * The 1812 2.2uF and 0805 0.1uF 100V have Volts /um =5.6
and showed fails around 4 X rated Voltage

Passed, 0 defects

+ The 25V parts both showed fails around 7 x Rated
Voltage and have Volts fum = between 2.7 and 3.1

SUBGROUP 2B(1) - DISCUSSION

The results for the 2 x 25V rated part8123C825 & 06033C104how that these two partaredto show some fails
around the 8 x ratedoltage. The product with the higher \ffm stresed levels 1812 8.21F, shows more fails overall
as the voltage was increasé&tihen it reache® x rated wltage tls product hd reached the 50%aflure rate. This
follows the theory of higher Wi stressng resuls in earlierimore failures.

The results for th&210 50V UF (2 x 50V) rated part didchot have any failuresntil 8 x rated wltage(400V) whereas
the 1206 LF hadinitial fails at 4 x rated200V) and by9 x rated it was over the 50%ilure rate. The difference in
voltage stresbetween the twaomponentsvas0.7 V/um, with the 1210case size componeséeing the lowest stress
as it had a thicker delectric layer thicknessf 13 um versusl1l pm for the 1206 &e, so thisfollows the trend as
above Both these parts perfoedwell since there is largeoltage acceleration factbeing appliedbut the 1210 50V
1uF has agreatemperformancecompared with a similar cap value ismaller case size.

The results for the 100WILCC showedthat the 1812 2|2 capacitorshowed failuresat 4 x ratedsoltagewhereas the
0805 0.um did notexhibit failures unil 5 x ratedvoltage Both the 100V capacitors experienced the samgamw/stress
levelsbut at the same time the total electrode area was significantly different between the two caséeiz842Thd



132 electrodes with Ergeelectrode areahereashe 0805size hal only 44 electrodes with small&lectrode areao
that he possibleopportunityfor failure is less with the smaller case size

SUBGROUP 2B(2)

This group of partsveretested with increasing temperatuteess until 50% ofte parts failegthe failure modebeing
defined by a short circuit (<= 1IMOhResistance).

Notethe failure on any panvassubsequetly analysed and categorisedlhe test cycle is shown below irig. 6 with
the reference specificationadiequipment.

During each step of the teshe sample will see ratedolage applied for 18hrs in the life chamber with the
temperature settinigcreasing from 10T to 225C, values are shown inable 4.

MOUNTING
06033C184K
08051C104K| 200V 125 150 175 200 225
ELECTRICAL 12065C105K| 100V 125 150 175 200 225
MEASUREMENTS
12105C105K( 100V 125 150 175 200 225
18121C225K| 200V 125 150 175 200 225
TEMPERATURE STEP 18123C825K| 50V 125 150 175 200 225

ELECTRICAL i shall be terminated when
MEASUREMENTS | 50% of the speciments !
have been destroyed i

'
(N .

RESULTS

MOUNTING IEC 60384-1 = I1EC 60384-1 Reflow oven
TEMPERATURE STEP 125°C = ESCC 2263000 Life oven
CAPACITANCE 1kHz, 1V UHR/QAC/ 35-94 |UHR/QAC/ 50-05] HP 4278A, CAP calipers/scanner
DF 1kHz, 1V UHR/QAC/ 35-94 |UHR/QAC/ 50-05| HP 4278A, CAP calipers/scanner
|INSULATION RESISTANCE 1*RV UHR/QAC/ 35-94 [UHR/QAC/ 50-28) HP 43398, IR scanner

Fig. 6. Temperature Step Stress (TSS)

Table 4. Temperature Step Stress (TSS)

Results Summary

Conclusions:

Colour coding vs Failure mode All parts pass at Temperatures up to 150De@.

Generally within each rated voltage higher
Temperature Stress leads to earlier failures.

The >=1210 Sizes showed the best performance at
Passed, 0 defects the HighestTemperatures.

1 or more manufacturing defects detected

100% Over stress cracks, Stress Fails or dielectric breakdowns

o ToToI»

No defect found but minimum margins observed



SUBGROUP 2B(2) i DISCUSSION

Theresults for the 2 x 25V rated parts showed that the 181 §art wasvery reliable even up to 225 temperature
with only one defect at the 225 test. The 0603 chip showed >50% fails at the’@Q@6stingpoint and gain this part
had ahigher Vium stress. The results follow the accepted behaviour of acceleldetesting werehie higher voltage
and temperature®sult ingreater acceleration factord.he higher temperatusaesults iranincreagd the mobility of
the conductive mobile speciesontained within théarium titanate structure leiad to anincreased failure level

The results for the 2 x 50V rated pastoowed a similar trend as above in that the thicker dielectric MLCC (12105C105)
parts showed a lower level of faies when the test temperature was increased aboV€ t@mpared to the thinner
dielectric MLCC (12065C105)

The results for the 100V part shedthat the 1812 2% hadno fails even athe maximumémperature 22%.

GROUP 3 TESTING

The ESAtest matrix was devised tevaluatesix AVX MLCCs and test them to 2000 hrs at higher than standard
reliability test conditionsThe six MLCCs were selected llye ESA criteria as mentioned earlier in the repofthe
sampleswvere surface mount soldereché placed into thefe test chambers at the defined conditionsleasurements
were takenfor Capacitance (C), Dissipatiora&tor (DF and Insulation Resistance (IR) at specified intervals in the
2000 hour maximum test cycle.The datawaslogged in a dahbase and used to prepare parametdtadgraphgor
which some examplemreshown later in thipaper pagel3. The IRis the pimary parameter to indicate a failure.

The datacollectedfor the Group 2B voltage and temperature overstresting wasused to design the conditionsed
in Group 3 testingTest group3 hadthreesubsets T1, T2 an@3 with each one using a different fixeemperature and
voltage combination to overstress the components up to 2088 maximum test time until 50% of tharaples hd
failed. These caditions were selected by ES¥d are listed in Table 5 belowlThe maximumeémperaturaised in this
groupwas150°C and the maximum voltage wax rated ltage used on the 25V samples.

Table 5. Steady-State Accelerated Life Test

Voltage and Temperature Conditions

18123C825K 150 125 150 150 200 | 125
06033C184K 150 125 150 150 200 | 125
12105C105K 200 125 200 150 250 | 125
12065C105K 200 125 200 150 250 | 125
08051C104K 300 125 300 150 375 | 125
18121C225K 300 125 300 150 375 | 125

+ The three life test conditions were chosen from the combined results of the TSS and VSS tests.

1) 25v rated parts were life tested at 6 and 8*RV at 125DegC and at 6*RV at 150DegC
2) 50v rated parts were life tested at 4 and 5*RV at 125DegC and at 4*RV at 150DegC
3) 100v rated parts were life tested at 3 and 3.75*RV at 125DegC and at 3*RV at 150DegC

Test halted after 50%+ parts failed electrically.

ACCELERATION FACTORS

The emperaturandvoltageacceleratiorconditionsusedduring the steady stateeeleratedife testgavea substantial
increaseto the accelerator factors as calculated by the model devised by Prokopowicz and®V.askassehad been
calculated for eachfdhe six MLCC parts at each of the set test citioths and are listed below inable 6. These
valuescomparethe relativeacceleration between Tlevsts T2 \ersis T3 compared to éhnormal acceleration used for
life testng which is the TO series (2 x ratedltage and 17°€).



Table 6. Acceleration Factors

18123C825K | 50 125 417 150 125 |33740 150 150 |189198| 200 125 106636

06033C184K 50 125 417 150 125 | 33740 150 150 |189198| 200 125 106636

12105C105K | 100 125 417 200 125 6665 200 150 | 37372 250 125 16271

12065C105K | 100 125 417 200 125 6665 200 150 | 37372 250 125 16271

08051C104K | 200 125 417 - 300 V 125 2109 300 V 150 |11825| 375 : 125 5148

18121C225K | 200 125 417 300 V 125 2109 300 V 150 |11825| 375 125 5148
X The acceleration factors were calculated using the industry standard formula .

X T refers to standard life testing conditions.
o

X For example the 18123C825K tested at standard life conditions for 168 hours equals approx 8 years field use*.
the 18123C825K tested at 150 V 150 C conditions for 168 hours equals approx 3629 years field use*.

* based on 85 Deg C at rated voltage , Ea=1,n=4.

Table 7 Showsthe equation (2)methodology used to calculate taecelerationfactors with theassumptions made for
Activation Energy (Eagand Voltage Stress Exponent (N)

Table 7. Acceleration Factor Calculation 1812 8.2u F

19
t,

RESULTS FROM GROUP 3TESTING

\

\" II{

1.1]
T T

2)

The following thredables show the results from Tests T1, T2 and(T&bles 89 and 10)



