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Abstract

A wide range of lead-free solders are now availabighe market. In addition to the ternary alldyssed
around the SnAgCu eutectic there are also costfiealloys with lower Ag content and even no IAag t
have found widespread application around the woilthe Ag-free solders were used initially mainlyvawve
soldering but recently these alloys have found negplication. The objective of this investigatias the
assessment of electronic assemblies manufactutadlgnvith a SnCuNiGe alloy, SN108rovided by
Balver Zinn. One side of each test vehicle waswefoldered with SN100C and the other wave soldered
with SN100C (with, where necessary, any additisoédering being done with flux-cored SN100C wiiid)e
assemblies were then subjected to a range of aatetetesting and the board level reliability compa
with a SnAgCu alloy. The results of that assessme@orted in this paper lead to the conclusionttimamost
cases SN100C is an acceptable alternative to S@fpr all soldering processes having regard touieed
higher soldering heat.

Introduction _ , . ,

The alloys recommended by the various The extent to which savings in raw material costs
electronics industry associations and consortia fgat results from the elimination of Ag from the
the transition to lead-free soldering were basd@'mulation vary with the market price of metalgian

around the SnAgCu eutectic with Ag levels in thavith the product. On the basis of prices obtaining
range 2.5-4.0% and Cu in the range 0.5-1.09%€ second half of 2009 the saving is about 40% for

However, the high cost of Ag has prompteé’lhe bar solder used for wave soldering but rather
consideration of alloys with a lower Ag content anéess for solder paste where there are substantial
in fact since 1999 alloys with no Ag in theProcessing costs and additional raw materials én th
formulation have found widespread application iflux medium.

commercial production. One of these Ag-free The metallurgical character of SnAgCu and
alternatives is the SnCuNiGe alloy marketed b$nCuNiGe are different in that the former is
Nihon Superior Co., Ltd under the name “SN100Cgenerally on the tin-rich side of the ternary etitec
and manufactured under license and distributed while the latter behaves for all practical purpoass
Europe by Balver Zinn Josef Jost GmbH &Co.K@ binary eutectic with the Ni totally incorporated
since 2003. Initially SN100C was used mainly fothe second phase of that eutectic partially
wave and dip soldering and as a flux-cored soldsubstituting for Cu in the intermetallic §&ns. The
wire but even as early as 2005 the alloy was figdirNi stabilizes at temperatures below 186°C the close
successful, if limited application in reflow soldey packed hexagonal form of the £&m intermetallic

by companies that had gained confidence in tremmpound and that has a number of beneficial
alloy because of their experience with it in waveffects that include substantially slowing the rate
soldering. More recently the desire to have alsingCu dissolution.

solder alloy for the entire assembly process has pFrom the point of view of soldering processes,
prompted the wider consideration of SN100C as [gwever, the most significant difference is the
reflow solder. melting points. While SnAgCu alloys close to the
With the reliability of the solder alloy itself wel eutectic composition have a solidus temperature of
established the challenge lay in the development 217°C with liquidus up to around 219°C SN100C
a flux vehicle that would deliver all the propesgtie has a melting point of 227°C. As the level of A i
required of a solder paste in current high sperel fithe SAC alloys is lowered the liquidus temperature
pitch printing and reflow. Balver Zinn was able tancreases towards that of SN100C. While the solidus
get access to the necessary formulation technologgmperature of SnAg0.3Cu0.7 remains at 217°C the
through its acquisition in 2007 of Cobar Europe BViquidus is 228°C
and the result is the solder paste SN100C-XF3



The main objective of this technical note is tdonger contact time on the solder wave can be used,
report the results of a comparison with somsometimes in combination, to get with SN100C
SnAgCu alloys of the performance of SN100C itevels of through-hole filling comparable with tieos
wave and reflow soldering processes and thgpically obtained with SAC alloys.
reliability of the solder joint so formed.

Test Methods

Experimental Procedure The soldered assemblies were first inspected
The test vehicle used for this study is a realisually and by X-ray.

mixed technology printed board assembly designed They were then subjected to the following

used for equipment control (Figure 1). The PCB hag:celerated Life Tests

eight layers and is fabricated from high Walogen-

free and standard FR4. Two solderableb finishes were mg:mg: g%glfk?l-ezs(;((-:r/?l-é&c

included in the study, Electroless Ni/lmmersion Au (30/10/30") up. to 2000 cycles

(ENIG) and Immersion Sn. ] o

High Humidity Test (HHT):
85°C/85 % RH. For up to 2000 hours
High Temperature Storage (HTS):
125°C for up to 2000 hours.

Functional testing and microsectioning were
carried out on test vehicles removed at various
stages during this testing. The degradation of the
Figurel: Printed board assembly used as the testmechanical strength of solder joints was examined

vehicle (left: top side, right: bottom side) by shear tests of passive components.

Wave solder bath temperatures used for this Before being use for assembly of the test
assembly were 265°C for SN100C and 260°C farehicles the solder paste was also subjectedttalini
the near eutectic SnAgCu alloys. testing for solder balling and wetting and wetting

For reﬂow the target peak temperature for thealance teStS were Carried out with the Separated
SN100C was set at a minimum of 240°C, about 8KF3 flux medium.
higher than that used with the SnAgCu alloy (as low
as possible with respect to the limited thermdResults
stability of some components). The general form of The acceptance criteria for the visual and X-ray
the reflow profile is shown in Figure 2. Becaus$e gnspection followed the IPC standard IPC-A-610D
temperature variation across the board the actughe Acceptability of Electronic Assemblies”
peak temperature reached by solder joints varigthese criteria were met by all of the assemblies
over the range 239°C — 245°C inspected. Figures 3 and 4 are typical examples of
optical and X-ray images of solder joints produced
in this study.

Figure 2: Reflow profile used for SN100C-XF3

Because of the higher process temperatures used
with SN100C the printed circuit board and §
components are exposed to more thermal stress thar
is the case with the temperatures used with the
SnAgCu alloy although the effect can be minimized
by the use of appropriate equipment (wave solder
machines and reflow ovens). However, for relatively

simple assemblies with low thermal masses it isFigyre 3; MiniMelf resistor solder joints on Imm.

often possible to use the same process temperatureg,- a) Wave soldered SN100C; b) Wave soldered

for wave soldering for SN100C as are used for SnAg3.8Cu0.7; c) Reflow soldered SN100C
SnAgCu. When wave soldering higher thermal mass d) Reflow soldered SnAg3.0Cu0.5

assemblies either a higher process temperature or a




Some cosmetic differences between the surfactiss is believed to be at least partly due to tighér
of the SN100C and SAC305 solder joints werprocess temperatures used with the SN100C.
noted with the former having a smooth bright finistSimilarly no significant differences were noted in
similar to that of SnPb solder and the latter hgén the cross-sections of through-hole joints after
duller grainy surface. These differences arthermal cycling (Figure 6). In both alloys thererave
reflective of the underlying microstructure of thecracks at interfaces resulting from differencethim
alloys and are not expected to have any effect aoefficient of thermal expansion (CTE) between the
board level reliability. However, they might haee solder and the PCB materials. The solder riseén th
be taken into account in the setting of criteria fatopside fillet is slightly lower for SN100C but Ifti
automatic of manual optical inspection. meets the inspection criteria for this product

|
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Figure 4: X-ray images of solder joints (Imm. Sn Figure 6: Cross-section of through hole joints to a
PCB): a) Through hole electrolytic capacitor wavetransformer after 2000 cycles -20°C/+100°C: a) & ¢)
soldered with SN100C; b) Through hole electrolytic SN100C; b) & d) SnAg3.0Cu0.5. Board finish:
capacity wave soldered with SnAg3.0Cu0.5; ENIG
¢) TSOPA48 reflow soldered with SN100C reflow;

d) TSOP48 reflow soldered with SAC387 Crack length was monitored during thermal cycling

and results for through-hole solder joints of tjyaet
None of the differences between boards solderdtlstrated in Figure 6 are plotted in Figure 7.
with  SN100C and the SAC alloys that were

expected to result from the higher soldering . GemessenerelauveR\SS\angenanzmt::&gmdunge nnach TCT -20 / +100C
temperatures were observed in X-ray inspection.

Joints were microsectioned as-soldered and aft , @ [
accelerated ageing. In Figure 5 are examples-of ¢ ¢ w
soldered joins to a TSOP.
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Figure 7. Relative crack length in through-hole
solders joints during thermal cycling -20°C/+100°C
up to 2000 cycles (PCB pad finish: Imm. Sn and
ENIG)

For all the alloys considered the measuredkcra
Figure 5: Cross sections of as-soldered TSOP jointengths are well within the acceptance criterion of
a) & c) SN100C Reflow soldered SN100C on Immless than 50 % of the wetted length after 2000
Sn; b) and d) Reflow soldered SnAg3.8Cu0.7 on cycles. The differences in crack lengths between
Imm. Sn the solders are not considered significant. Sihyila
for the shear strength of type 0603 chip resistors

No significant differences between the alloyéFIgure 8).
tested were observed in the wetting of the PCB and
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Figure 8 Shear strength of joints to 0603 chigFigure 9: Time to 2/3 R for SN100C and
resistors as a function of the number of cycleSnAg3.8Cu0.7 in wetting balance testing.
-20°C/+100°C and board finish
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The results of a study of copper dissolution

The relatively small different shear strengths arduring wave soldering of through-hole components
attributable to differences in the basic metalluojy confirm the expected advantage of SN100C over
the alloys and their respective interactions wite t SAC387 (Figure 10).
substrates. Because of age hardening effects @ SA
alloys resulting from the precipitation of the #m
and CySnthese alloys have a high initial strength Padablegierung
but that advantage disappears after 1000 cycles
because of age softening. In all cases the derline
strength with thermal cycling remains above the
selected criterion of 50 % of the initial value ove
2000 cycles.

Functional tests during the ageing detected only
the failure of some components with no solder gint
failing as a result of solder fatigue during thekma

cycling. Figure 10: Relative Cu dissolution
In addition to the board level tests there was also

some initial testing of the SN100C-XF3 solde ummar

paste. In the solder balling test on a cerami y o

substrate and a spread test on copper it was foundThe reliability of wave and reflow soldered

that while all requirements could be achieved in @N100C joints was evaluated primarily by

nitrogen atmosphere that was not the case inlair. observation of microsections of joints at various

a printing test involving continuous and interrupte Points after thermal cycling -20°C/+100°C.

printing for at least 20 minutes on a stencil wath ~ The conclusion of this evaluation was that the

range of apertures types and sizes all printingerformance of SN100C is mostly (depending on

‘Ablegierung [%]
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requirements were fulfilled. finishes and delta temperature level during
Wetting tests were conducted on 1206 chipccelerated ageing) comparable with that of SAC
capacitor with a Multicore “MUST 1I"” wetting alloys.

balance in the microwetting balance mode (i.e. with The effect of the high melting point of SN100C
a solder globule rather than a solder bath). SE10®n wetting performance must be discussed in terms
was compared with SnAg3.8Cu0.7 at soldeof process properties of components and laminates
temperature of 245°C and 253°C with XF3 and @&hermal stability). The higher liquidus temperatur
standard Actiec LF-A flux. is linked to a slight increase of the soldering
It was found that the wetting performance of théémperature (by about 8°C). In wetting balance test
SN100C at 253°C matched that of SAC387 at 245%e SN100C at 253°C with XF3 medium performed
with the SN100C being approximately 0.3s slowe¥imilar to SAC387 at 245°C.
at 245°C. The authors suggest that the use of a
higher activated (but still no-clean) flux medium  No failures related to the solder joints occurred
might further improve the wetting performance.  during the 2000 cycles of TCT-20/+100 or during
the exposure to high temperature or humidity.



On the basis of the investigations performed in
this study (thermal cycling, high temperature and
high humidity tests, optical and X-ray inspection,
microsectioning, tracing of crack initiation and
growth, shear force measurements, wetting tests) it
can be concluded that SN100C can be a possible
alternative to SAC as a lead-free solder for
electronic assembly. The foregoing conclusion is
subject to the qualification that if there is a q@ss
requirement for wetting times comparable with
those of high silver SnAgCu alloys then the possibl
negative effect on reliability of an 8°C increase i
peak temperature of reflow profiles has to be
considered.



