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Introduction

Due to its brittle nature, multilayer ceramic cap@s are more prone to excesses of
mechanical stress than other components usedfacsunounting. One of the most
common causes of capacitor failures is directlytattable to the bending of the printed
circuit board (PCB) after solder attachment. Exisessending will create mechanical
stress within the ceramic capacitor that, if sugfnt, can result in mechanical cracks.

The introduction of lead free solders for attacht@drchip capacitors to PCB'’s has
raised a further area of concern in that lead dders are less ductile than their
traditional tin/lead equivalents. This raises plossibility that the lead free solders
demanded by the EU RoHS directive could cause@sase in the incidences of chip
failure due to mechanical cracking as stress isteared to the chip rather than absorbed
by the solder.

The purpose of this report is to provide detaifgareing:

a. For background information, methods employe&yier to measure the mechanical
performance of the termination material.

b. For background information, the shape of crackated by PCB bending -
mechanical stress.

c. Testing carried out by Syfer to determine tHea$ of lead free solders on the mean
bend performance of ceramic chip capacitors.

International Requirements/ Specifications

The international requirement for bend testingefemed to in several different
specifications.

1. IEC 60384-1:2001 Fixed capacitors for use in etettrequipment Part 1: Generic
Specification section 4.35 Substrate bending tfets to IEC 60068-2-21.

2. IEC 60068-2-21: 1999 Environmental testing: TesRdbustness of Terminations
and Integral Mounting Devices. Section 8 test UecHfes the test required to assess
the mechanical robustness of surface mounting ddegitninations when mounted on
a substrate. Test Wspecifies the substrate bend test.

The purpose of test Wis to verify that the capacitors can withstand begdbads
that are likely to be applied during normal assgnabblhandling operations.
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IEC 60068-2-21 refers to requirements such as ctefleand acceptance criteria as
being included in the “relevant specification”. 8ymaintains IECQ CECC
(International Electrotechnical Commission Quatigytification programme-
CENELEC Electronic Components Committee) produgragal and the “relevant
specification” is QC 32100-A001:2007.

3. QC 32100-A001:2007 Table 2 — Periodic Tests defomsd flex minimum
requirements as:
COG: All types, X7R: Y and H only (Flexicif)
3mm deflection Class I.
2mm deflection Class II.

X7R (non — Flexicap" termination) 1mm deflection.
4. AEC-Q200-005, Board Flex / Terminal Bond Strengésfl

Minimum requirements stated in table 2 stressredstence 21: 2mm (min) for all
except 3mm for Class I.

Capacitor Bend Tests Conducted on Syfer Product

Currently there are 2 methods employed by Syfengéasure the mechanical performance
of capacitor termination when mounted on a sulestrat

1. External Test Laboratory
To maintain IECQ CECC product approval (certifisdBSI “British Standards
Institute”™) Syfer issues capacitor samples to dererl test laboratory for a variety of
tests to be conducted in accordance with IECQ CE£gUirements. The external test
laboratory is not part of Syfer and has full trduggy to International Reference
Standards.

Syfer has maintained CECC product approval for ye4rs.

2. Syfer Bend Tests
In addition to the external test laboratory Sytsio conducts bend tests. Samples of
capacitors are mounted onto FR4 Test PCBs usirB6625n/Pb/Ag solder and
subjected to bend testing in accordance with IEEZC or AEC —Q200-005
(depending on termination and dielectric types.
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Example of FR4
Test PCB Used

Hand pick and place used to
mount capacitors for bend tests.

Syfer's Bend Test Facility
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20mm

Press Head Fig 1. Bend Test Method

\<—> Depth: 50mm

' Radius: 340mm
Capacitor /
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A total of 10 Test PCBs are used for each bend Eesth PCB is mounted with one
capacitor and deflected automatically until theazdor breaks. The software
analyses the change in capacitance measured Bgileait 4288A capacitance
meter. As soon as the capacitance change is gtbhate.0% the bend is recorded in
mm.

The results of the test are saved to the Syferoritiwt also can be communicated as
a printed document as below.

Bend Test Data: Y SYFE. |
Batch Numk: Samale sze ) .
Syfer batch number— g I o «—— Sample size
[Part number. Updated by,
| —Pp 0805Y2000221°C000 PTaylor
Syfer part number— "
0805\G29040_1 23-0ct-2007 D
ate
Distribution p| ot———F—»| T e et
" ¥ i 2a
"
M d I [Sample 1% rap- [10cap, [Sampla 1% cap, |10% cap. :amme 1:. Gap. 'i:“’u cap.
easu re resu ts > V:lm l;;r;a::; ch:a;:: ;4 change |change 7.‘:: chango  change
2z 9098 |>2.898 |12 2z |
3 >10.003_|>10003 |13 23
~10052 [=10.052 |14 24
Goen1  |=9901 |15 25
B =9.978 5 23
7 =0.085 27 il
o ~5.959 B 28 |
E -9.993 18 28 |
10 10000 [>10.000 [2C | FU | |
Extrapolated summary stabistics for 10% cap. hange:
M Mean - 3 std. de Max: =10.000
Standard deviato Lme +3std d Min
Ci it
Type of test conducte%\.%m; B \
=

Document shows the results for Flexi€4perminated components.

Typical results for Syfer X7R 0805, 1206, 1812 @3@0 capacitor ranges:

PRODUCT MEAN BEND (mm) Mean Bend (mm)
Sintered Termination Flexicap™ Termination

0805 X7R 3.6 6.3

1206 X7R 34 6.4

1812 X7R 3.2 6.0

2220 X7R 3.2 6.1
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Mechanical Crack Shape

By conducting extensive bend testing capacitor rfaanturers including Syfer have
demonstrated that mechanical stress applied byifgtite PCB results in a distinctive
type of crack within the capacitor.

Capacitor Body
and Electrodes

\ Termination

Force

Solder Fillet

Crack Initiation

Substrate

Fig 2. Mechanical Crack

During Syfer’s initial investigation into mechani@aacking over 15000 capacitors were
subjected to bend testing.

Example of capacitors issued by customers to Sgfdrilure investigation:

Yellow potting compound

Termination and solder material
Mechanical crack

Electrodes
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Summary

» Syfer capacitors pass the International Speciboatifor bend testing. In addition to
routine tests conducted at Syfer an external &stratory conducts periodic CECC
tests on Syfer product including bend testing.

» The crack created by mechanical stress during R&8ibg is a distinctive type of
crack.

For further information regarding:

a). Potential causes for mechanical cracking tef&yfer application note “mc-potential
causes”.

b). An alternative termination material that witistls higher levels of mechanical stress
refer to Syfer application note “FlexiCapTermination”.
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The Effect of Lead Free Solders on Mechanical Cradkqg of MLCC's

As mentioned above, one concern with lead freeesslid that the reduced ductility in
the solder could lead to increased incidences ehar@cal cracking of the ceramic.

To ascertain if this concern was real, Syfer iredgd a test program to compare the bend
test results of a number of 1206 size X7R chip cépas when soldered with
conventional tin/lead (Sn/Pb) solders and with m@mn lead free solder alloy -
95.5/3.8/0.7 SnAgCu (SAC). Both conventional €Hip termination (plated tin over
nickel over Silver/glass termination material) é&yder ‘Y’ FlexiCag" (plated tin over
nickel over flexible Silver polymer termination reatl) were tested and ageing at
ambient temperature was taken into account to atalfithe subtle changes in solder
particle size over time had any effect.

Testing Carried Ouit.

* Mount 80 capacitors of each of 5 types of convetily terminated capacitors to
boards using 60/40 SnPb solder and carry out kestohg as above.

« Mount 80 capacitors of each of 5 types-@xiCag" terminated capacitors to
boards using 60/40 SnPb solder and carry out kesioh¢ as above.

* Mount 80 capacitors of each of 5 types of converdily terminated capacitors to
boards using 95.5/3.8/0.7 SAC solder and carrypent testing as above.

« Mount 80 capacitors of each of 5 types@fxiCag" terminated capacitors to
boards using 95.5/3.8/0.7 SAC solder and carryeut testing as above.

* Mount 80 capacitors of each of 5 types of convedily terminated capacitors to
boards using SAC solder, allow to age for 1000hesr@bient temperature and
carry out bend testing as above.

« Mount 80 capacitors of each of 5 typesdxiCag" terminated capacitors to
boards using SAC solder, allow to age for 1000hesr@bient temperature and
carry out bend testing as above.

Total number of capacitors tested = 2400.

Where conventional SnPb solder was used, boaghfinas Hot Air Solder Levelled
(HASL). Where Pb free solder (SAC) was used, bdarsh was gold (Au) flash over
nickel (Ni) plate (NIG).

All boards were assembled using hot air reflow méth Peak solder temperatures were
220°C for SnPb and 260°C for SAC solder. In bases, parts were allowed to cool
naturally to ambient temperature — forced coolirag wot used as this can itself induce
cracks in the ceramic giving false results.
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Results

For each set of tests, the results, consistingehtumber of fractures and capacitance
failures at each bend distance, are entered idtdabase and the mean bend distance is
calculated.

These mean bends can then be compared to evaleatéfect of the two different
solders.

Mean Bend Difference in
Chi Mean Bend SnAgCU mean bend
< P | Termination | SnPb Solder g S~ between
ize )
(mm) conventional and
(mm) Pb free solders
‘J’ Termination 3.4 3.2 - 0.2mm
1206
‘Y’ FlexiCap ™ 6.7 6.5 -0.2mm
After ageing for 1000hrs :-
Mean Bend SnAgCu Mean Bend SnAgCu
Chip o Solder Solder
Size | 1ermination Ohrs @ 25°C 1000hrs @ 25°C
(mm) (mm)
‘J’ Termination 3.2 3.5
1206
‘Y’ FlexiCap ™ 6.5 6.7

As solder ages it will change its internal gramusture, which can change the effect it
has on the ceramic during bending. The results@abbow that the mean bend angle
does change with prolonged storage and that ad@dHrs at ambient the two types of
solder tend towards the same result.
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Conclusion

Soldering with lead free solders marginally redutesmean bend performance of
multilayer chip capacitors mounted on a circuittooa

This change is small, and provided the normal renendations are observed is unlikely
to cause any significant problem within a lead fpeecess. However, where an existing
process is ‘on the edge’ the change to lead freelbaaufficient to cause processing
problems.

Given time, the grain structure within the sold@nf will age to a similar structure to
that of lead containing solders and the mean bfdsoth solders will be very similar.

Although Syfer’sFlexiCag" showed a similar marginal decline in performanben
soldered with lead free, in all tests it contintedignificantly outperform the
conventional termination and is therefore the pretkchoice for lead free soldering.

Further information offlexiCag" is available on Syfer's web sit@avw.syfer.com




