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ABSTRACT

Theaim of present work wasto produce new Sn-Zn-Cd all oy with superior
soldering properties. Microstructure, electrical resistivity, elastic modulus,
internal friction, thermal diffusivity, hardness, melting point, pasty range
and wettability of Sn, Zn, Cd (x=0, 1.5, 3, 5wt.%) and Sn,.Zn,Cd,  rapidly
solidified alloys have been investigated. Melting point, contact angle and
elastic modulus values of Sn,Zn, Cd alloy decreased but electrical
resistivity, internal friction and pasty range valuesincreased with increasing
cadmium content. The Sn,.Zn,Cd., alloy hasthe beast soldering properties
© 2014 Trade Sciencelnc. - INDIA

for electronic application.

INTRODUCTION

Sn—Zn solder alloy containing about 9 wt % zinc
(eutectic composition) has been proposed as alead-
free solder materia which isexpected to be put into
practical usefor reflow soldering. Further, an Sn—Zn
solder alloy containing about 8wt % zincand 1to 3wt
% bismuth has been a so proposed. Those Sn—Zn sol-
der alloys have advantages such that a eutectic tem-
peratureof atin-zincaloy isequal to 199° C closest to
aeutectic point of atin-lead aloy among Sn-based lead-
free solder alloys, and costs of raw materials of them
arelower than those of the other lead-free solder al-
loys. Lead-free soldershaving high performance and
many studies have been made on variousaloy-system
soldersbased on Sn, e.g., Sn-9Zn, Sn-3.5Ag, Sn-3Ag-
0.5Cu, etc. aslikely substitutes®3. Also the depen-
dence of frequency over arange of 0-3Hz on'Young’s
modulusandinternd frictionin Sn-9Znand Sn-3.5Ag
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eutectic lead free solder alloyswasinvestigated by T.
Ohoak et a!™. Theprogress madein the properties of
two lead free solder dloys, Sn-3.5%Ag-1%Znand Zn-
In, are described by M. Mc Cormack et a®. Solidifi-
cation behaviorsof Sn-9Zn-XAg lead-free solder al-
loysare examined by using scanning electron micros-
copy, electron prope microanalysis, X-ray analysis,
computer aided-cooling curveanaysisand differential
scanning calorimetry!®. A review onthemicrostructure
and mechanical propertiesof Sn-58Bi, Sn-52In and
Sn-3.4Ag lead free solder aloys are reported by
Glazer!™. Severa paperd®1¥ show that, the eutectic Sn-
3.5%Ag isregarded as agood |lead free solder alloy
for certain aspectssuch as superior fatigue properties ™.
Effectsof indium addition on solidusand liquidustem-
peratures, wetting time, wetting force, tensile strength
and microhardness of Sn-0.3Ag-0.7Cu lead-free sol-
der aloy wereinvestigated?. Structure, electrical re-
sdtivity, wettability, melting point and el astic modulus
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of 50Sn-50In, 72.2Sn-20In-2.8Ag,72.5Sn-25In-
2.5Agand 95Sn-5A g lead free solder dloyshave been
investigated™. Theaim of thiswork isto produce new
alloy with superior soldering properties by adding cad-
miumtotin-zincdloy.

EXPERIMENTAL WORK

Inthe present work, Sn, Zn, Cd, (x=0,1.5,3,5
wt.%) and Sn,.Zn,Cd,  were melted in amufflefur-
naceusingtin, slver and cadmium of purity better than
99.5%. Theresulting ingotswereturned and re-melted
four timestoincreasethehomogeneity. Fromthesein-
gots, long ribbons of about 4 mm width and ~70 pm
thicknesswereprepared by asingleroller methodinair
(melt spinning technique). The surface velocity of the
roller was 31.4 m/sgivingacoolingrateof ~3.7 x 10°
K/s. Thesamplesthen cut into convenient shapefor the
measurementsusing doubleknife cuter. Microstructure
of used sampleswas performed on theflat surface of
all samplesusing an Shimadzu X—ray Diffractometer
(Dx=30, Japan) of Cu—Ka radiation with A=1.54056
A at 45kV and 35 mA and Ni-filter in the angular
range 26 ranging from 0 to 100° in continuous mode
with ascan speed 5 deg/min. Theéelectrical resistivity
was measured by aconventiona doublebridge method.
Thedifferentid therma analysis (DSC) thermographs
were obtained by Shimadzu DTA-50 with hegting rate
10 k/mininthetemperaturerange 300-470 °k. All the
sampleshavethesamemass, whichis2 mg. Theinter-
nal friction Q* and the el astic constants were deter-
mined usi ng the dynamic resonancemethod. Thevaue
of the dynamicYoung modulus E isdetermined by the
following relationship+-1¢!;

EY"" _ 2aL*,

(E) Kk

Where p the density of the sample under test, L the
length of thevibrated part of the sample, k theradius
of gyration of cross section perpendicular to itsplane
of motion, f, the resonance frequency and z the con-
stant depends on the mode of vibration and is equal
t0 1.8751. From the resonance frequency f at which
the peak damping occurs, thetherma diffusivity, D,
can be obtained directly from thefollowing equa-
tion:

= Fyl] Peper

_2d%,
B T
wheredisthethicknessof thesample

Plotting theamplitude of vibration against thefre-
quency of vibration around the resonancef givesthe
resonancecurve, theinternd friction, Q*, of thesample
can be determined from thefollowing relationship:

Q'l= o.5773¢—f

0

Dth

Where Af thehalf width of theresonancecurve
RESULTSAND DISCUSSION

X-ray analysis

X-ray diffraction patterns of quenched Sn,Zn,
Cd, (x=0, 1.5, 3, 5wt.%) and Sn,.Zn,Cd,, aloys,
Figure (1), show that sharp lines of body-centered
tetragonal Snand Zn very small hexagonal peaks of
Zn detected by x-ray diffractometer. TABLE 1 (a, b,
¢, d and e) showsx-ray diffraction anaysis, (26, In-
tensity, Miller indices (h, k, I), full width half maxi-
mum, (FWHM)) of quenched Sn,,Zn, Cd_(x=0,
1.5, 3, 5wt.%) and Sn,.Zn,Cd, aloys. From these
analysisit obviousthat adding Cd content to Sn- Zn
alloy caused changein itsmatrix microstructure such
ascrystalinity whichisrelated to intensity of the pesk,
crystd sizewhichisreaedtofull width haf maximum
and the orientation which isrelated to the position of
the peak, 26.

Soldering properties
Wettability

A property of importance to the manufacturing or
product engineer iswettability. Indeed, wettability is
defined asthetendency for aliquid metal to spread
on asolid surface. Wettability isthe precursor of sol-
der ability, which describesthe solder’s ability to form
an actua joint onacircuit board. Wettability isquan-
titatively assessed by the contact angleformed at the
solder substrate’s flux triple point. The contact angles
of quenched Sn, Zn, Cd (x=0, 1.5, 3, 5wt.%) and
Sn,.Zn,Cd, aloys on Cu substrate are shown in
TABLE 2. From theseresults, it isclear that adding
Cd content to Sn- Zn alloy due asignificant changein
itscontact angle, (wettability), and Sn,,Ag,Cd,  aloy
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Figurel: X-ray diffraction patterns of Sn-Zn-Cd rapidly solidified alloys
TABLE 1: X-ray analysis of Sn-Zn-Cd rapidly solidified alloys b) Sng1ZN75Cd15

a) Sng;ZnNg 20 d-A  Int.% FWHM Phase hkl 7A

20 d-A Int% FWHM Phase hkl TA 62.5584 1.48483 23.28 0.1181 Sn 112 787.06
30.6569 2916 72.74 0.2755 Sn 200 298.99 63.7530 1.45986 7.08 0.3149 Sn 400 297.08
32.0473 2.793 100 0.3346 Sn 101 247.02 64.6059 1.44263 14.41 0.1771 Sn 321 530.698
36.1800 2483 253 04723 Zn 002 176.95 70.6500 1.33331 0.62 0.0900 Zn 110 1081.86
388195 2319 256 04723 Zn 100 17834 72.4023 1.30530 9.21 0.1181 Sn 420 833.58
438128 2066 3209 02755 Sn 220 310.792 73.2044 129296 10.44 01771 Sn 411 55875
448933 2.019 7062 03542 Sn 211 242.67 79.4161 1.20571 1226 0.1680 Sn 312 614.66
553726 1659 17.65 0.3542 Sn 301 253.28 82.0933 1.17303 0.60 0.4800 Zn 112 21945
624491 1487 4240 04133 Sn 112 224.77 86.4988 1.12424 0.28 0.5760 Zn 201 189.35
63.7666 1459 1068 03542 Sn 400 26413  89.3963 109515 633 02400 Sn 431 465.66
645081 1445 2214 02558 Sn 321 36722 951496 104354 186 02400 Sn 332 490.65
705363 1335 1.72 0.7872 Zn 110 123.60 95.5615 1.04013 4.75 0.2400 Sn 332 492.59

723332 1306 1425 02755 Sn 420 35718 066995 103089 185 02400 Sn 440 498.06
Taonas 1200 1396 02952 Sn 411 33ap 974170 102520 317 02880 Sn 521 418.003
794549 1206 27.03 02755 Sn 312 374.92 €) Sne:ZnsCds

820380 1175 171 04723 Zn 112 222.93 26 d-A _ Int-% FWHM Phase hkl 74

865100 1.1259 242 00900 zn 201 121105 06601 2916 100 01968 Sn 200 418.56
803517 1096 11.60 02755 Sn 431 40550 520438 2793 385 02362 Sn 100 349.92
55116 1041 920 02755 Sn a3 4ppgy 364064 2468 87 03149 Zn 002 26556
66056 1030 274 02362 Sn 440 50571 389500 2312 027 00900 Zn 100 936.24

973691 1026 547 0.4800 S 521 250.68 432448 2.092 151 01574 Sn 220 542.91
438725 2064 855 00984 Sn 220 870.34
b) Sng;Zn75Cd1 5

449370 2.017 2199 0.2165 Sn 211 397.07
20 d-A  Int.% FWHM Phase hkl TA

553602 1659 7.52 01181 Sn 301 759.5
30.7089 291151 97 02558 Sn 200 32205 gy g5 14g5 972 04574 Sn 112 59051
320861 279385 100 01574 SN 101 52509  oooio 140 378 09362  Sn 400 396.16
36.3365 247247 187 04723 Zn 002 177.08 g, 000 a3 531 02755  Sn 301 34114
39.0194 230843 121 02362 Zn 100 35682 155750 1338 048 02872  Zn 110 12348
431977 209434 607 01574 Sn 220 54282 15,440 1305 505 01181 Sn 420 83381
439202 206154 2189 01968 Sn 220 43524  s5i0rs 1293 534 00984 Sn 411 100552
449519 201660 53.85 01574 Sn 211 546195  9es1 1204 613 02400 Sn 312 430.78

553613 165956 1528 00787 Sn 301 113987 gr1959 1172 049 05760 Zzn 112 183.02
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C) Snglzn5Cd3

20 d-A Int-% FWHM Phase hkl TA
89.4632 1.095 315 02400 Sn 431 465.93
955813 1.039 185 0.2400 Sn 332 492.68
96.7286 1.031 089 01920 Sn 440 622.76
97.4608 1.025 155 0.2400 Sn 521 501.82

d) Sng;Zn,Cds

20 d-A Int-% FWHM Phase hkl A
30.5484 2.92644 100 0.492 Sn 200 167.38
31.9903 2.79775 43.95 0.2558 Sn 101 323.07
36.3214 247346 3.69 01212 Zn 002 689.81
38.95 2.31238 0.99 0.09 Zn 100 936.24
43.8084 2.06654 12.55 0.3149 Sn 220 271.90
448191 2.02227 30.35 0.3346 Sn 211 256.81
55.2631 1.66228 12.8 0.3149 Sn 301 284.75
62.4645 148684 13.31 0.2755 Sn 112 337.22
63.7649 145961 6.67 0.1771 Sn 400 528.26
6457 144335 7.25 0.3542 Sn 321 265.296
7245 130456 6.48 0.2165 Sn 420 454.85
73.1031 1.29451 7.36 0.3149 Sn 411 314.04
79.4686 1.20604 11.13 .2362 Sn 312 437.35
82.15 1.17334 0.28 0.09 Zn 112 1170.89
86.51 1.12505 042 0.09 Zn 201 1211.95
89.4157 1.09587 4.16 0.2558 Sn 431 436.97
95.521 1.04133 3.09 0.2165 Sn 332 545.84
97.5473 1.02418 136 0576 Sn 521 209.27

€) SngsZNn,Cdyo

20 d-A  Int-% FWHM Phase hkl 1A
30.6694 2915 94.14 02558 Sn 200 322.023
32.0343 2794 100 02755 Sn 100 299.998
382916 2351 7.03 03936 Zn 100 213.649
43.8502 2.065 24.03 03149 Sn 220 271.942
449669 2.016 5565 03149 Sn 211 273.026
553215 1661 1794 02952 Sn 301 303.833
624781 1487 2949 03149 Sn 112 295.053
63.8143 1459 1044 0.2362 Sn 400 396.191
64.6013 1443 1848 0.2362 Sn 321 397.902
723984 1305 11.89 03149 Sn 420 312.618
73.1379 1.294 12.67 0.3149 Sn 411 314.108
794595 1206 20.26 0.2362 Sn 312 437.321
89.4322 1.096 898 02165 Sn 431 516.368
955646 1.041 635 02362 Sn 332 500.527
975708 1.024 319 05760 Sn 521 209.322

have adequate contact angle, leading totheir spreading
onthesubstrate.

Wotoioly Science  mm—

TABLE 2: Contact anglesof quenched Sn, Zn, Cd (x=0,
15,3,5wt.%) and Sn,Zn,Cd, alloyson Cu substrate

Alloys Contact angle (0)
SNne1ZNg 37.13+2.216°
Sng;ZN;sCdy 5 28.25+3.379
Sng;ZneCds 285+3.15
Sne:Zn,Cd5 31.75+159°
SngsZNn,Cdyo 302

Melting point and pasty range

Themelting point of Sn, Zn, Cd (x=0,1.5,3,5
wt.%) and Sn,.Zn,Cd , aloyswasmeasured and then
seenin TABLE (3), becauseit isvery important for
industrid applications. Alsothermo-graphs, Figure(2),
of Sn,Zn, Cd (x= 0, 1.5, 3, 5 wt.%) and
Sh,Zn,Cd  dloyswhich havealittlevariaionsinthe
shape of Exo-thermal peaks, (That meansachangein
interna structure caused after adding Cd content) and
that agreeswiththeresultsseeninx-ray diffraction anay-
ss. Themdting temperature of Sn- Znaloy decreased
after adding cadmium content asseenin TABLE 3. The
Sh,.Zn,Cd, dloy haslower melting point (179.66 °C)
compared to commercial eutecticlead- tin (183 °C)
solder dloy.

TABLE 3: melting point and pasty rangeof quenched Sn,Zn,
.Cd (x=0,15,3,5wt.%) and Sn,Zn,Cd, alloys

Alloys Melting point °C  Pasty range °C
Sng1Zng 201.55
Sng1Zn;5Cdy 5 195.38 16.31
Sng1ZneCds 194.63 16.3
Sng1Zn,Cd5 194.0 20.65
SngsZNn,Cdyo 179.66 20.21

Thesolidustemperatureisdefined asthetempera-
tureat whichthefirst deviation fromthebaseline ap-
pears (Figure2). The deviation signals that a phase
changeistaking place. Thusthe solidustemperature
hasbeen reached Thetangent line, drawnin by the DSC,
isan approximation of the solidustemperature. The
liquidustemperatureisdefined asthetemperature at
which thegraph returnsto thebasdline. Theend of the
deviation sgnifiestheend of thephasechange, i.e. the
dloy hasreached theliquid phaseand theliquidustem-
perature. Thetoleranceonthevauesfromthechartis
+ 2 °C. The appearance of the DSC output is severely
affected by the scan rate. Scanrateisthespeed a which
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Figure2: DSC graphsof Sn-Zn-Cd rapidly solidified alloys

thetemperatureisincreased duringthescan. Thepasty ~ after adding cadmiumcontent asseenin TABLE4. Thatis
rangeisthedifference between solidusand liquidus  becausecadmiumaomsisdissolvedinthe St Znmatrix

pointswhichisseeninTABLE 3. Thepasty rangevalue  playingasthescatering center for conduction eectrons/or

of Sn- Zndloy varied after adding cadmium content.

Electrical resistivity

Electricd resdtivity vaueof S Zndloyisincreased

Au Tudian Yourual

changed matrix sructurewhichincressestheir resdtivity.
Elasticproperties
Elastic modulus Sn- Zn aloy isdecreased by add-
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TABLE 4: Electrical resistivity of quenched Sn,Zn, Cd,  TABLE5: Elastic modulusof quenched Sn, Zn, Cd, (x=0,

(x=0,1.5,3,5wt.%) and Sn,Zn,Cd, alloys 15, 3,5wt.%) and Sn,Zn,Cd, alloys
Alloys p X 108 (Q.m) Alloys Elastic modulus (E) Gpa
SnuZng 435+3.19 SngZng 28.042+0.434
SN Zn7sCoh s 48.6+4.92 Sng1Zn; 5Cak 5 26.383+0.411
Sne1ZnsCds 50.4+5.43 SNe1ZneCds 23.35+0.206
Sne:Zn,Cd5 50.7+£5.72 Sny,Zn,Cd5 20.753+0.575
SngsZn,Cdyg 64.9+6.42 SnigeZn,Cdyg 22.996+0.088

ing cadmium content asshownin TABLE 5. Thatis  TABLE 6: Internal friction and thermal diffusivity Sn, Zn,
becausethedissolved Cadmium atomsongrainbound-  ,Cd, (x=0, 15,3, 5wt.%) and Sn,Zn,Cd,, alloys

ary/ or formedin Sn- Zn matrix affectingon bond ma N Thermal
trix which decreasing d astic modulus of Sn- Zndloy. Alloys Internal friction diffusivity
- Q) (Dun) x 10
Theresonancecurvesof Sn, Zn, Cd (x=0, 1.5, em?/sec
3, 5wt.%) and Sn,.Zn,Cd,, alloysareshowninFig- g =7 0273 1.282
ure3. Calculated Internd frictionandthermdl diffusivity o, -1 g, 0.302 1562
veluesareseenin TABLE 6. Theresultsshow that, g 7n.cq, 0.304 1.694
internal friction valueof Sn-Zn alloy decreasedby g, 7, cq5 0.456 5179
adding cadmium content but thermd diffusivityvalue g -, 4.0 0.462 1397
isvaried.
8 E
? 4
= : ]
"E ]
= 4
g |
3]
2 ]
1 N
D T

0 2 4 f 8
Frequency (Hz)
Figure3: Amplitudeversusfrequency of Sn-Zn-Cd alloys

ticmodulus, internd friction and meting point va uesof

CONCLUSION Sn- Znalloy decreased but el ectrical resistivity value

increased after adding cadmium content toit. Also con-

Adding cadmium content caused changein Sn-Zn  tact angle, Pasty rangeand thermal diffusivity valuesof
microgructuresuch ascrystalinity and orystd size Elass  Sn-Znaloy varied after adding cadmium content toiit.
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Sh,.Zn,Cd,, dloy hasbest soldering propertiesfor elec-
tronic applications.
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