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Basic Facts of BME Products
As a commercial technology, most BME capacitors are manufactured for hig
volumetric applications: i.e., highest capacitance per volume
Only a small portion of commercial-off-the-shelf (COTS) BME capacitors can
meet high reliability applications
Two options when beginning work with commercial BME capacitors
— Approach 1
» Select from BME product catalog using a quick turnaround screening method

(pick up a few good apples from a bucket of a mixture) to eliminate those that
will never pass high reliability qualifications

» Use an existing qualification documentations for high reliability evaluations of
a specific product line

» Existing Documents: MIL-PRF-123 for PME capacitors; MIL-PRF-55681, NASA-EEE-
INST-002, GSFC S-311-P-829C, AEC-Q200, GIDEP, etc.
— Approach 2

» Select units from various suppliers (typically 100% screened and meeting a
certain level of reliability, e.g., automotive grade) with moderate cap values,
and perform significant voltage de-rating

» Develop a part selection list and a general guideline that may apply to several
suppliers’ products : Commodity products

- Different source, different behavior
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Some Questions on BME Capacitors

— What determine the rated voltage and how to derate it?

- Do we need a minimum dielectric thickness for BME as for
PME?

— How to simply screen BE capacitors for high-reliability
applications? If possible?

— Impact of microstructures (dielectric thickness, grain size) and
macrostructures (number of layers, chip size, etc.) on
reliability?

- Whatis the true impact of oxygen vacancy migrations on the
reliability and failure modes of BME capacitors? (D. Liu, CARTS
conference paper, 2013)

- Isripple current testing really needed for BME capacitors?

Guideline Development for BME Capacitors
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3. D. Liu, “Failure modes in capacitors when tested under a time-varying stress,”
CARTS proceedings, pp. 210, (2011)

4. D. Liu and M. Sampson, “Some Aspects of the Failure Mechanisms in BaTiO5-
Based Multilayer Ceramic Capacitors,” CARTS Proceedings, pp. 59, (2012)
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5. D. Liu, “Highly Accelerated Life Stress Testing (HALST) of Base-Metal
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What Determines the Rated Voltage
of a BME capacitor with X7R Dielectric?

Two basic facts about ferroelectric BaTiO dielectrics

1. Inhomogeneity in resistance

» For X7R dielectric with large grains, a core-shell structure is often
reported due to the inhomogeneity between grain boundary and the bulk
of the grain

» For dielectric with small grain, the inhomogeneity in resistivity has been
revealed, i.e., grain boundary always exhibits higher resistivity
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What Determines the Rated Voltage
of a BME capacitor with X7R Dielectric?
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Two basic facts about ferroelectric BaTiO; dielectrics

1. Inhomogeneity in resistance
» The applied voltage distribution is inhomogeneous
» Due to the formation of a high insulating depletion layer at the grain
boundary, most of the voltage will be applied on the grain boundary
regime
* V/grain is one of the key parameters that determines the dielectric
strength in the BaTiOj; dielectric layer
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What Determines the Rated Voltage
of a BME capacitor with X7R Dielectric?

v

Two basic facts about ferroelectric BaTiO; dielectrics

2. Impact of average grain size

»  When applied voltage and the dielectric thickness is identical for two
capacitors, the one with smaller grain size has better electric strength

»  This is why smaller particles are always preferred for BME capacitors
»  The voltage per grain is lower for BME capacitor with smaller grains

: v
Voltage per grain —@

key parameters that determines the dielectric strength in the BaTiO; dielectric layer
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Voltage De-rating: An Engineering Approach

* Per MIL-PRF-123, all capacitors with Precious-
Metal Electrode (PME) and X7R-type dielectric
shall have a minimum dielectric thickness of 20
um at 50V rating

» For BME capacitors with X7R dielectrics, an

OR NWRUON®O

Measured Dielectric thickness (um)

engineering chart for voltage de-rating was _”
developed after cross-sectioning ~100 BME -
MLCC samples
0 20 40 60
*  50% voltage de-rating appears adequate Rated Voltage (V)

e Minimum dielectric thickness vs. rated voltage
can be defined

Technology Rated | Dielectric thickness |Grains per layer Voltage_ (V) at 50% Voltag_e Minimu_m d after
voltage | d (um) (Measured) (Measured) de-rating/grains | (V)/grain | de-rating (um)
PME 50V 20-22 22-28 25/(22-28) 1.14 17.6
BME 50V 7.5-10.2 23-25 25/(23-25) 1.09
BME 25V 3.4-4.6 12-13 12.5/(12-13) 1.04 4.2
BME 16V 2.5-3.5 9-10 8/(9-10) 0.89 3.2
BME 6.3V 2.0-2.2 6-7 3.2/(6-7) 0.53 2.1

Note: BME capacitors normally have better microstructures, i.e., smaller grain size and more
uniform grain size distributions, and therefore they should have better V/grain
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Voltage De-rating: An Alternative Approach

7Y

Dielectric o) Defect
Dielectric Defect Thickness d Feature

Thickness d Feature T T Size r

Sizer
v
Dielectric layer reliability: Ri(t) — 1, whend > r; R;{t) —» 0, whend = r,
-
For Weibulmodel:  prgy = o7l . |4 — (f)f
: d
Since: ¥ =cX¥, Tistheaverage grain size

We have: P= [1— I:E}e] = [1— {g)s‘:l, = 5)

P is a geometric factor that determines the dielectric reliability
with respect to the microstructure of an MLCC.
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Voltage De-rating: An Alternative Approach (Cont'd) @

C _5s
With External Stress:  #{¥,T) = ﬁ e &l

t o o}t = &
We have: R:{t) = R, (1) - ’1 = (g)? = E_[?W.ﬁ%] - [‘1 - (%) l.a! =5

—[%-V”’-e;?r
In many cases: Ru(t < 10° years)=e =1

So finally a single layer dielectric reliability can be simplified as:

Rty = [1 - (g)ﬁ]

a is an empirical constant that depends on the processing conditions
and microstructure of a ceramic capacitor.
a=6(V<50) and a=5 (V>50) For BME MLCCs
a = 5 for most PME MLCCs
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Reliability: From a Single Dielectric Layer
to an MLCC Device?

[ J.
: f = ol ¢ (‘:Ir Y
=7
ol

(@ (b)

Total capacitance: K, =€; + €3 +L3..+C; ..+ Cx =N L;

Total reliability: B.=Ri xR X Hg_ %R %Ry~ Rg?

R;(t): Single dielectric layer reliability, as discussed earlier
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Impact of number of dielectric layers: From Single
Layer To Multilayer
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Reliability of MLCC

+ The reliability of an MLCC R,decreases with increasing N
The value of N can be as high as 1000!

e N
Rir=q) =R (" = [1 - (EJT . (> &)
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MLCC Reliability: Impact of the Chip Size

Chip Size | Length (um) | Width (um) | Terminal-t (um) Side(pmmz;rgin End margin (um) Effe(cr:\r;i;"ea chip sf;zcemsrcaling

0402 1000 + 100 500 + 100 250 + 150 125 100 0.225 =

0603 1600 + 150 810 + 150 350 + 150 1575! 100 0.763

0805 2010+ 200 | 1250 * 200 500 + 200 250 150 1.520

1206 3200+ 200 | 1600+ 200 500 + 200 250 150 3.510 15.60

1210 3200 £ 200 | 2500 + 200 500 + 200 250 150 5.940 26.40

1812 4500 +£300 | 3200 * 200 610 + 300 300 200 10.920 48.53

2220 5700 +400 | 5000 * 400 640 + 390 320 220 23.074 102.55
1825 4500 £ 300 | 6400 + 400 610 * 360 300 220 23.244 103.31

» Effective chip size 0805 is equal to 6.76 times 0402 MLCCs connected in parallel

—_ B
» Reliability: R'DE‘UE e RU-‘I-!.P'.!

* Ingeneral: R:‘;}, = HEJW?

*  Where S is the MLCC chip size scaling factor with respect to the chip size of an
0402 MLCC; xy is the EIA chip size
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MLCC Reliability: Impact of the Chip Size (Cont’d)

» The reliability of MLCCs decreases with Ros0y99.99%—
increasing chip size, but not significantly 100% § H————
* When the chip size scaling factor increases by § 80% ™ Ro102=99.9% ]
a hundredfold, the reliability declines: 2 g
> 45% when Ry, = 99% [ ~—
> 10% when Ry,0, = 99.9% 5 ao% Rotgz=00%— e
> 1% when Ry, = 99.99% g o
* On the other hand, the dielectric thickness

also gradually increases with MLCC chip size 0% s 1210 2220

0 1812

+  Since the reliability of an MLCC roughly 02 1200 FIA Chip Size

follows a power-law increase with increasing

dielectric thickness, the reliability decreases D‘e'ec"‘C(;gifkazﬁiésc-tmtrcg)Ch‘P size

due to increasing chip size have been fully £ 100 '

“compensated” ‘;’ 80 | -
»  Chip size has not been a concern with respect £ 60 EEPTLE e [

to MLCC reliability. GIDEP only has two § 2.0 _gto”

examples for chip size-related failures with 2 L0

thin dielectrics (CKR06) and exceptional ratios &

of chip length and width (CDR02). a 0 5 10 15 20 25
+ Aspect ratio is the KEY. The same design rule Effective Chip Size (mm?)

applies to CMOS gate capacitors.
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Robustness to Surge Test for BME Capacitors

* A NEPP-funded study on
BME capacitors under
extreme surge conditions
(more than 100%) revealed
that the BME capacitor is
one of a few capacitor

products that exhibit superior | Siiter | R Jotee [ CaBowBRerode g 100pmV ey | Vi100p0m)
performance for surge Ta#l 10.0 Solid Ta, Fused 0.49 49
Ta#2 10 Solid Ta (MnOy) 048 192
robustness Ta#3 6.0 Ta Polymer 057 342
. The surge breakdown Al #1 6.3 Al Polymer/Stacked 1.46 9.20
: : AL 63 Al Polymer/Stacked 158 9.95
voltage is at least 10 times AL 12 ‘Al Polymer/Stacked 125 15.00
that of the rated voltage for Al #4 6.3 Al Polymer/Stacked 1.79 11.28
: : ALES 63 ‘Al Polymer/Wound 122 7.69
BME capacitors a”f‘ S times AL#6 40 Al Polymer/Laminated 183 732
that for PME capacitors AT#T 2.0 Al Polymer/Laminated 227 454
2 cCl 63 Ceramic/BME 1231 80.70
* The difference can be well cc2 63 Ceramic/BME 17.03 107.28
understood due to the CC3 63 Ceramic/BME 10.14 63.86
microstricture and CC4 63 Ceramic/BME 13.67 86.12
; cCs 63 Ceramic/BME 13.89 §7.52
construction of BME cc6 50 Ceramic/PME 530 26,50
capacitors cc7 6.3 Ceramic/BME 18.98 119.60
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Impact of AC Ripple Current: A Thermal Structure Issue :

BME MLCC PME MLCC

= \ = \

ko) 2

K \ 3 \

o o

0 2 \

2 2

® o©

g g

5 5 AN

& & |
Distance from the edge Distance from the edge

* PMEs with the lower capacitance values of a given chip size (same dielectric and voltage
rating) have fewer electrode plates than BMEs with the same chip size and higher
capacitance ratings.

+ These electrode plates act as heat extractors (heat sinks) into the thermally resistive
ceramic block.

» The more plates into that ceramic block, the more easily heat can flow out of the block.
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Impact of AC Ripple Current: A Classic Model

A well-studied thermal model for MLCCs by F. M. Schabauer and R. Blumkin, at
American Technical Ceramics, RF Design, May 1981

Crutmrmast

Elacirode
N — ;
- — T i
s = o

Distance along Elcvoda 8

* Ripple current creates a potential local temperature gradient. A thermal structure was built
for MLCCs that allows the theoretical determination of the temperature rise of an MLCC
due to AC current flowing through it. The model has also been used for soldering heat flow

simulations.
» Application notes to circuit designers for MLCC power rating. Many suppliers provide free

software for ripple current estimation.
The temperature rise (AT) caused by the ripple current should not exceed 20°C above the ambient temperature of

the capacitor.
Vp-p value and Vo-p value, including DC bias for the applied voltage, must be within the rated voltage (DC).

— The maximum operating temperature 110°C), including the amount of self-generated heat, should not be exceeded.
» There have been no MIL specifications required for ripple current testing of PME MLCCs in

the last 30 years. MIL specifications are even less likely to be required for BME capacitors.
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A General Expression of Reliability for MLCCs
Rit} = @(N,d.7.5) x AF(V,T) x ¥(L)

]i'(i‘): Statistical distribution that describes the individual
variation of properties (Weibull, log normal, normal)

- . Afunction that responds to the external stresses
“IPW‘T)' (independent of individual units)

20, . Impacts due to the characteristics of a capacitor device
qj(ﬁ‘d’a"s)' (structure, construction, etc.)

Min. dielectric thickness per MIL-PRF-123

For PME MLCCs: @J(H,d, T, S} =1 Microstructure has shown no impact on
reliability
Well-known Propokowicz-Vaskas equation valid

i A TELNE ftar T {
AF{F}T] L il (_) ( E\T; To ) for most PME capacitors(n~3, E,~1-2 eV)
: .

a
3 E P -Inverse power-law for external field
-Arrhenius relation for temperature
N}f Time-to-failure (TTF) distribution foll
= ime-to-failure istribution follows
- kv E
yit) =2 2 Weibull

Established model fits and has ensured the reliability of PME capacitors for >30 years!
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Accelerating Function Does Not Always Follow Power-Law in BME MLCCs

» Accelerating function

MTTF as a Function of External Field
for BME capacitors has

10000

been found to be more v\‘\\\ y = 1453130092
i y = 2987270114 ° R?*=0.996
complicated oo | 23872 3 \

» Three models have - o \\
been proposed, R .\\-
depending on the E ¥ = 5813 7e 04

Ao £ R?=0.9223
external electric field ¥ 1 ]
strength

* To be evaluated !

10 100

Log (E kV/mm)

E/1 o
AF(V.T) = B bmmd (g?{ﬁ f:)] Less Aggressive: E-model
2 g

£ at low electric stress
iy B\ 7 Lt 1y Most Aggressive: Inverse power-
AF(V.T)=— = (_) (ﬂfr Ta Pr) law in intermediate E -- Longest TFF
t Eq data

i ) 5“{1-5 Least A ive: High fi
S R . AT T, ggressive: High field
AF(F,T) At I A R ) E model — Shortest TTF data
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Time-Dependent Dielectric Breakdown (TDDB): Failure Modes
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* Avalanche-like and thermal runaway-like failure modes
» Avalanche: catastrophic and rapid (in nanoseconds for SiO,); no sign of breakdown
» Thermal runaway: local increase of leakage results in local temperature rise, which causes
further leakage. A positive feedback loop is formed , causing a catastrophic failure (slower and
more gradual leakage current increase prior to breakdown)
» These two failure patterns are hard to experimentally distinguish in BME MLCCs since
any TDDB will involve some degree of thermal damage (avalanche-like breakdown is in
the mini-second range for MLCCs -- very slow)

» The thermal conductivity and thermal diffusivity of BaTiO, ceramics are much less than

that of SiO,
»  Thermal conductivity (W/MK): SiO, = 149, BaTiO; = 2.86
» Thermal diffusivity (mm?2/S): SiO, = 86, BaTiO;=1.18
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TDDB: Two-Stage Dielectric Wearout Failure Mode (Cont'd)

Two Stage Dielectric Wearout
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s e

° |
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* Itis more reasonable to consider the avalanche-like and thermal runaway-like failures as
indistinguishable and to simply refer to these failures as catastrophic (supported by FA
results)

» Atwo-stage dielectric wearout failure mode is better for describing the failure behavior in
BME MLCCs with BaTiOs-based X7R dielectrics

« Two-stage dielectric wearout: A slow degradation, characterized by a nearly linear leakage
increase, followed by a time-accelerating catastrophic failure
— Slow degradation: leakage increases with time nearly linearly due to oxygen vacancy migration
until the failure criterion (100 pA) is reached (parts failed prior to catastrophic failures)
— Catastrophic failure: leakage current increases gradually, followed by time-accelerating

catastrophic failures
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Weibull Modeling Results
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» Weibull probability plot and corresponding contour plot clearly show
the existence of two distinct failure modes!

+ Although the two-stage failure behaviors may be attributed to a single
dielectric wearout failure mode, statistically, they must be treated like
two different failure modes: when processed for the slow degradation,
the TTF data for catastrophic failures shall be considered
suspensions, and vice versa
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Understanding the Impact of T4, to MLCC Reliability

120

100 /
Typ =30 (hr) / Tap = 100 (hF) /
80 / /
60 / /
40

Leakage (pA)

0 50 100 150 200 250
Stress Time in hours

2 t— Iy At
If we assume: —=E( ) — 8(—)=2
Iy Tsp Tsp

Then we have: = 1.4427 X At

T e e
0 m(2)
At is the time that leakage current doubles in value
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BME MLCC Guideline Development

» Selection of BME capacitors:

— Eliminate BME capacitors that were developed for high volumetric efficiency
applications

— Distinguish NPO (C0G) and X7R dielectrics

» Procurement of “automotive” grade BME capacitors for high-
reliability evaluations

— Shoulder-to-shoulder comparison of AEC-Q200 and MIL-PRF-123, Table IX
and EEE-INST-002

— In-process qualification to MIL-PRF- 123, Table X

* Quality Conformance Inspection (QCI) to Groups A, B, and C of
MIL-PRF-123

» A practical part list for BME capacitors

» \Voltage de-rating: Contributions from microstructure and BME
construction (engineering approach and alternative approach)

« Afew words on humidity testing for BME capacitors
» Isripple current testing really necessary for BME capacitors?
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Selection of BME Capacitors

Inspection/Test Test Methods, Conditions, and Requirements -part TypelLevel
[The voltage temperature characteristic shall be referenced to the +25°C valueand | X X X

Ishall be applicable over the entire temperature range of -55°C to +125°C. Dielectric
ype NPO (N) shall be 0+30 ppm/ °C, and dielectric type X7R ( X ) shall be +15,
F15%.

[Destructive physical analysis (pre-termination) shall be performed on each

1. Dielectric Type

linspection lot of capacitors supplied to this specification. X X
- DPA sample size shall follow MIL-PRF-123, Table XVII.
2. Destructive Physical Analysis (DPA) - DPA shall be performed in accordance with the requirements of MIL-PRF-123,
[paragraph 4.6.1, except that paragraphs 3.4.1 and 3.4.2 shall be replaced with|
[paragraph 2.3 herein.
- Margin defects shall be determined using EIA 469, paragraph 5.1.3.
3. Microstructure Analysis IBME capacitors shall not be used for high-reliability space applications if the X X x

[following construction and microstructure criteria are not satisfied
3.1. Nickel Electrodes |All BME capacitors shall use nickel for internal electrodes
[The structure parameter of a BME ceramic capacitor P with respect to its
Imicrostructure and construction details can be expressed as:
P=[I-(@d)* ]¥

here: d = Dielectric thickness that is the actual measured thickness of the fired
lceramic dielectric layer. Voids, or the cumulative effect of voids, shall not reduce
the total dielectric thickness by more than 50%.

a= Averaged ceramic grain size measured per the linear interception method.

N = Number of individual dielectric layers.

a= An empirical parameter that is applied voltage-dependent: a= 6 for V <

S0V, and a=5 for V> 50V.
3.3. Acceptance Criterion [The calculated P shall be greater than 99.999% for the X7R dielectric
[Greater than 3.0 micrometers for the NPO dielectric at V < 50V and greater than 5.0

3.4. The minimum dielectric thickness _Jmicrometers at V > 50V; N should be less than 300.
. . . [The maximum dielectric constant shall be 4000 for the X7R dielectric and 100 for the]
4. Maximum dielectric constant . . X X X
INPO dielectric.

3.2. Capacitor Structure Parameter

Devices supplied to this specification shall have a termination coating of copper)

5. Termination. ickel, or their alloy, or shall be base-metal barrier tin-lead solder (MIL-PRF-123| X X X
¢ ) plated. Tin-lead solder plating shall contain a minimum of 4% lead, by mass.
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Qualification from AEC-Q200 to MIL-PRF-123

Iltems done per AEC-Q200 Iltems not done per MIL-PRF-123

troas , | Roten Adddith | Requitemants.
. s . L. 5 ad - i e BME Capacitors Q Inspection per MIL-PRF-123 Table IX
e and T [ User Soec. | Test 18 pectormen
! EEE-INST-002
Sireas Electrical Sample Size
Tor . Test Methods, Conditions, and P! Part TypelLevel
s Inspection/Test g
. = Requirements
High Tamparatie | 3 AEC-Q200 |MILPRE123 [ 1 2 3
Exposin
s GroUP L
MIL-STD-202, Method 107, Conditon B, i
ratedtemp. o ma. ot temp. (ehen spcifed in
1. Thermal Shock cification/ data sheet, the min. and N/A 182 (200) X X
. shall be sed in e of the
specifed operating temp.)
2 Volage Condioning (Bumn) |1 rted vohtae. N T52G00)
125 °C, 160 hours (Level 1) X
Biased Mumioity 125 °C, 96 hours (Level 2) X
125 °C, 48 hours (Level 3) X
3 Electrical Measurements s secifed
Capacitane MILSTD-202, Method 305 oo 100% 100%
. Disspaton Factor IIL-STD-202, Method 305(shllbe 306) s w0 {100 100% 1007
] MIL-5TD-
uly WY VIL-STD-202, Method 301 100% 100% 1001
Mathod 108 Insulation Resistance: MIL-STD-202, Method 302 100% 100% 100%
Groun 1
1 Visual and Mechanial Examination, [Visual and sumple-bascd mechanieal imspectin to
naterial, design,construction and ¢ performed to requirements of applicable military 100% 15(1) X X X
0 orknanstip pecification
[pestructive physical anatyss tall be performed on
kach inspection lotof capacitors suppled to his
10 pecification.
-~ DPA shal be performed in sccordance with the
BT 2. Destructive physical analysis kequirements of MIL-PRE-123, paragraph 4.6.1, 10 15(1) 50) 30) X
Lopril] fxcept that paragraphs 3.4.1 and 3.4.2 shall be
B2 bl cplced with paragraph 2.3 herein.
[ - Margin defects shall be determined using EIA
ki paragraph 5.1
Group b~ Norleaded devies
TARCHARESE S| 13 | WILSTD | Terminal srength 5C-Q200-006; MIL-STD-202, Method 211 30 200 [120) 2008A
o Bars Y= ST 20 s 208 s [EON EORETETY
3 Resistance o soldering heat [MIL-STD-202, Method 210; conditon C B 200 [120) 1200NA
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Qualification from AEC-Q200 to MIL-PRF-123 (Cont'd)

Iltems done per AEC-Q200 Iltems not done per MIL-PRF-123

— N
‘f; 1 51_';‘“, x-“‘fj L;f o 4 cr Inspection/Test Test Methods, Conditions, and
e ingd L ) Ik AEC-Q200 |MIL-PRF-123[ 1 2 3
e korg side and 2 socure
cpposite sides. Parts maunlod wit ;

port._Test from 10-2000 e Growp IV

hoat of samples, Note: Test condiion D for ICapacitance change over the range of temperatures

Tast condition B fr Leadsd. Pro-hoat 1. Voltage-temperature fand voltages specified shall not exceed limits of A v | eo o
conestion ol 150°C, 60-120sec ks alowed for imits kpecification. NPO Capacitors shall be tested in 2 B

ceramic compan: faccordance with MIL-PRF-123 BP characteristics.

IMIL-STD-202, Method 106
20 cycles (first 10 cycles with Vrated applied)

2. M 7 201 20) 1200 NA
oIsture TESISIANCE v/ IR and DC to specification D O 12

For both Loaded & SHD. Eloctical Tost not AEC-Q200-006 removed this test in version D
ed Magnecal Group V
it :"“'"‘““I" IMIL-STD-202, Method 103, Condition A. AEC-Q200
SMD: i} Madtd B, [Biased humidity.
[ Humidity, steady  |note: s5/85 at rated volage for 1000 hours per AEC- 77 120 1200 5000 NA
- - — frtate, low voltage 200 shall be applied for BME capacitors. The low
c'l“’" wobl 12 ] Unar Spuc oltage portion is not necessary for BME
i kapacitors.(See further explainations)
P. Resistance to solvents [MIL-STD-202, Method 215 5 12(1) NA_NA NA
Group VI
E C IMIL-STD-202, Method 108
AT 2 Roquied for MLCCS ony. 60 60 mismum halding [Ttest = maximum operating temperature
o Lk Viest =2 X Vrated (1X Vrated perAEC-Q200-006) . 3y | o s v
Tormiwl Stength | 22 | AEC-C200- ife - for v 2
iy e Duration: lz:;n‘: ho\lr:f fo; e ‘el 71 .
Bans Lot e | 23 | AEC 0200 | Coramics Oviy 0 hours for fevels 2and
[ IR, AC, and DF to specification

* Many AEC-Q200 test results met and sometimes exceeded those of MIL-PRF-
123, with some exceptions
» Big variations in the number of test samples (TBD)
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