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ABSTRACT

Theaim of present work wasto improve physical and soldering properties
of Sn-Ageutectic alloy by adding cadmium content to it. Structural, electrical
resitivity, elastic and soldering propertiesof Sn,. Ag, . Cd (x=0,2.5,4.5,
6.5, 8.5 wt.%) and Sn_Ag,Cd,, rapidly solidified alloys have been
investigated. Melting point, contact angle, elastic modulus values of
Sn,, /AQ,, aloy decreased but electrical resistivity increased by adding
cadmium content it. Pasty range, internal friction and thermal diffusivity of
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Sn,, /AQ, . dloy varied by adding cadmium content. The Sn,Ag,Cd,  alloy
has beast soldering properties for electronic application.
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INTRODUCTION

Solder aregenerally described asafusiblealoys
withliquidustemperaturesbelow 400 °C. The element
commonly usedinsolder dloysare Tin (Sn), Lead (Pb),
Silver (Ag), Bismuth (Bi), Indium (In), Antimony (Sb)
and Cadmium (Cd). Soldersaredividedintotwo basic
categories: eutectic and non-eutectic. Eutectic solders
such as 63Sn- 37Pb have adistinct 183 °C melting
point. Non-eutectic soldershaveasolidusand liquidus
region. Inelectronics, oneof the preferred solder used
isaeutecticmix of lead and tin. By weight, thereisjust
about 63%tin and 37% lead. It meltsat 183°C. Lead-
tin (Pb-Sn) solder have been used asajoining materia
for at least afew millennia and have been the most
prominent materid for theinterconnection and packag-
ing of modern e ectronic componentsand devicesover
the past several decades. The wide spread usage of

Pb-Sn soldersisdue primarily to the combination of
low cogt and convenient materia properties. Most com-
mercial aloyscontain cadmium to improve somefea
tures, such ashardness, wear resistance, or tolowering
melting pointsof thesedloys. Cadmium dloysareused
for automatic electrical cut-outs and thermometric
adarms. Lead-free soldershaving high performanceand
many studies have been madeon variousaloy-system
soldersbased on Sn, e.g., SN-9Zn, Sn-3.5Ag, Sn-3Ag-
0.5Cu, etc. aslikdy substitutes . Also the dependence
of frequency over arange of 0-3 Hz on Young’s modu-
lusandinternd frictionin Sn-9Znand Sn-3.5A g eutec-
ticlead free solder aloyswasinvestigated by T. Ohoak
et a™. The progressmadein the properties of two lead
freesolder aloys, Sn-3.5%Ag-1%Zn and Zn-In, are
described by M. Mc Cormack et al®. Solidification
behaviorsof Sn-9Zn-X Aglead-free solder alloysare
examined by using scanning el ectron microscopy, elec-
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tron prope microanalysis, X-ray analysis, computer
alded-cooling curve andysisand differential scanning
ca orimetry!®. A review on the microstructureand me-
chanica propertiesof Sn-58Bi, Sn-52Inand Sn-3.4Ag
lead free solder alloysarereported by Glazer!. Sev-
eral papers 19 show that, the eutectic Sn-3.5%Ag
isregarded asagood lead free solder alloy for certain
aspects such as superior fatigue properties*l. Effects
of indium addition on solidus and liquidus tempera-
tures, wetting time, wetting force, tensilestrength and
microhardness of Sn-0.3Ag-0.7Cu lead-free solder
aloy wereinvestigated*?. Structure, electrical resis-
tivity, wettability, melting point and el astic modul us of
50Sn-50In, 72.2Sn-20In-2.8Ag,72.55n-25In-2.5Ag
and 95Sn-5Ag lead free solder alloys have beenin-
vestigated®3. The aim of thiswork isto study and
anaysisstructure, physical and soldering properties
of Sn-Ag eutectic alloy after adding cadmium con-
tent.
EXPERIMENTAL WORK

In the present work, Sn,. . Ag, .Cd, (x=0, 2.5,
4.5, 6.5, 8.5wt.%) and Sn_,Ag,Cd, weremeltedina
mufflefurnaceusingtin, silver and cadmium of purity
better than 99.5 %. Theresultingingotswereturned
and re-melted four timesto increasethe homogeneity.
From theseingots, long ribbons of about 4 mmwidth
and ~70 pm thickness were prepared by a single roller
method in air (melt spinning technique). Thesurface
velocity of theroller was31.4 m/sgivingacooling rate
of ~3.7 x 10°K/s. The samplesthen cut into conve-
nient shapefor the measurementsusing doubleknife
cuter. Microstructure of used sampleswas performed
ontheflat surfaceof dl samplesusing an Shimadzu X—
ray Diffractometer (Dx—30, Japan) of Cu—Ko radia-
tionwithA.=1.54056 A at45kV and 35 mA and Ni—
filter intheangular range 26 ranging from 0to 100° in
continuousmodewithascan speed 5degy/min. Thedec-
trical resstivity wasmeasured by aconventiona double
bridge method. Thedifferentid thermal analyss(DTA)
thermographswereobtained by Shimadzu DTA-50with
heating rate 10 k/min in the temperature range 300-
470 °k. All the samples havethe samemass, whichis2
mg. Theinterna friction Q! and the e astic constants
were determined us ng the dynami c resonance method.

Thevalue of the dynamic Young modulus E isdeter-
mined by thefollowing rel ationship4-1¢!;

E)"" 2L,
(F) k2
Where p the density of the sample under test, L the
length of the vibrated part of the sample, k thera-
diusof gyration of cross section perpendicular toits
plane of motion, f the resonance frequency and z
the constant depends on the mode of vibration and
isequal to 1.8751. From the resonance frequency f
at which the peak damping occurs, the thermal
diffusivity, D, , canbe obtained directly fromthefol-
lowing equation:

2d°f
T
wheredisthethicknessof thesample

th =

_ Af
Q'= 0.5773-— Plotting the amplitude of vibration
0

aga ngt thefrequency of vibration around theresonance
f, givestheresonance curve, theinternal friction, Q*,
of the sampl e can be determined from thefollowing
relaionship:

Where Af the hdf width of theresonancecurve

RESULTSAND DISCUSSION

X-ray analysis

X-ray diffraction patternsof Sn, . Ag, .Cd (x=
0,25,4.5,6.5, 8.5wt.%) and Sn,Ag,Cd, , rapidly
solidified aloys, Figure (1), show that sharp lines of
body-centered tetragonal Sn and very small peaks
of hexagonal AgSn detected by x-ray diffractometer,
phases. TABLE 1 shows x-ray diffraction analysis,
(26, Intensity, Millerindices (h, k, 1), full width half
maximum, (FWHM)) of Sn,. . Ag,.Cd (x=0, 2.5,
4.5, 6.5, 8.5 wt.%) and Sn_,Ag,Cd, rapidly solidi-
fied aloys. From these analysisit obviousthat add-
ing Cd content to Sn- Ag alloy caused changeinits
matrix microstructure such ascrystalinity (whichis
related to intensity of the peak), crystal size (which
isrelated to full width half maximum) and the orien-
tation (whichisrelated to the position of the peak,

20).
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Figurel: X-ray diffraction patterns of Sn-Ag-Cd rapidly solidified alloys
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TABLE 1: X-ray analyssof Sn-Ag-Cd rapidly solidified alloys 20 d- A Int% FWHM Phase hkl
SngssAg 35 439186 2.06162 2286 0.2755  pBSn 220
20 d- A Int% FWHM Phase hkl 449233 201782 54.62 0.1771 BSn 211

3069 2091365 73.13 0.2165 B sn 200 55.4136 1.65812 12.38 0.3542 BSn 301
3205 2.79255 100 0.1968 BSn 101 62.5272 14855 2531  0.2755 BSn 112
3485 257445 3.95 0.0010 AgSn 100 63.8176 1.45854  7.83 0.2362 BSn 400
3760 239215 212 03149 AgSn 002 64.5845 144306 1792 0.3542 BSn 321
3062 2927497 524 02755 AgsSn 101 69.0734 135984 1.29 0.3936 Ag,Sn 103
4387 206359 2317 041771 B sn 220 723905 1.30548 11.37 0.2362 BSn 420
4493 201745 5236 0.0787 BSn 211 73.1404 1.29394  10.3 0.1968 BSn 411
5534 166028 1404 02755 BSn 301 79.5156 1.20545 1843  0.1378 BSn 312

6250 148570 2532 01181 BSn 112 89.3817  1.0962 8.83 0.2755 BSn 431

OT0 LK) 673 0AX8 P D o om o Agtn 008
7240 130532 10.19 0.1968 BSn 420 ' ' ' ' O3

7313 120411 9.09 0.2362 BSn 411 97.4547 1.02491 4.28 0.288 BSn 521

7949 120565 17.16 02362 pSn 312 Sngo Cdss Alss
80.41 100504 7.65 02362 pSn 431 22'3‘2‘2 ;-3;2 f;o g-zggz B sn ig(l)
9552 104130 519 01574 fSn 332 ' : : pSn

96.65 103211 183 01968 AgSn 005 22'; 22622;3 2%3‘; gggg Ag;S” (2)(2)(2)
9742 102521 375 01920 pSn 521 : : : - B Sn

44.899 2.019 44.32 0.3149 BSn 211
SngsCd 55 AQ 35

5527 1662 932 03936  BSn 301
3073 290928 100 02165  BSn 200 6252 1486 2010 02952  BSn 112
3205 279237 9256 02362 pSn 101 6370 1455 335 02795  pSa 400
3384 264908 221 04723 AgSn 100 61577 1tz 1073 0349  fsn 321
3063 227423 355 03149 AgsSn 101 7241 1205 549 02952  pSn 420
4394 206083 17.89 01968 pSn 220 7314 1204 656 0318  psn 4Ll
4491 201838 5051 01574 BSn 211 79496 1206 1229 02165 BSn 312
5150 176318 180 03936 AgsSn 102 6040 1096 482 02755  psn 43l
5534 166008 1424 03542  pSn 301 0553 1041 350 01068 pSn 302
6254 148520 2003 02755  BSn 112 0668 1032 105 02362 AgSt 005
gi-;ﬁ i'jjg 15?;2‘; g'ﬁsg ﬁ:“ ;‘gi 9744 1025 226 03120 pSn 521
. . . . n

7241 130528 7.92  0.1968 gSn 420 Ses s AGss

3066 2916 7083 02755 BSn 200
7314 120388 822 02755 pSn 411

32.05 2,792 100.00 0.2755 BSn 101
79.53 120532 1351 0.1378 BSn 312 38.17 2358 438 03936 AgSn 002
89.40 1.096 5.83 0.2362 BSn 431

43.897 2.063 18.13  0.2755 BSn 220
95.53 1.041 3.94 0.1968 BSn 332

4494 2017 4173 02755  BSn 211
9%.53 1032 141 02362 AgsSn 005 5538 1659 1166 02362 pSn 301
9741 1025 340 01920 BSm 521

62.54 1.485 1945  0.2952 BSn 112

SNs,Cd 45 Ag 35 6381 1459 547 02362 BSn 400
306931 291297 84.06 02362 pSn 200 64562 1444 1075 02165 pSn 321
320381 279369 100 02165 pSn 101 6893 13621 128 00900 AgsSn 103
345517 250509 142 04723 AgSn 100 7237 1306 539 02755  pSn 420
37.548 239543 206 03149 AgsSn 002 7314 1294 621 01968 BSn 411
304764 228275 669 02755 AgSn 101 7949 1206 1405 01968  pSn 312
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20 d-A Int% FWHM Phase hkl
89.42 1.096 5.69 0.1968 BSn 431
95.61 1.041 2.74 0.6298 BSn 332
97.42 1.025 243 0.2880 BSn 521

Sngs Cdio AQy
30.6432 291518 5151 0.144 BSn 200
32.0516 2.79023 100 0.216 BSn 101
33.7752 2.65167 1.07 0.576 Ag;Sn 100
38.7236 232345 3.16 0.24 Ag;Sn 002
43.8921 2.06109 8.15 0.288 BSn 220
44,8699 2.01842 23.33 0.12 BSn 211
45,0033 201275 18.75 0.12 BSn 211
553135 1.65951 7.24 0.12 BSn 301
62.483 1.48504 14.81 0.12 BSn 112
63.8107 145747 221 0.288 BSn 400
64.5929 1.4417 6.77 0.336 BSn 321
724122 130406 4.45 0.192 BSn 420
73.1914 129209 4.95 0.288 BSn 411
79.5153 120445 104 0.144 BSn 312
89.4128 1.09499 355 0.24 BSn 431
95.5693  1.04007 29 0.24 BSn 332
97.3876  1.02543 16 0.192 BSn 521

Soldering properties
Wettability

A property of importance to the manufacturing or
product engineer iswettability. Indeed, wettability is
defined asthetendency for aliquid meta to spread on
asolid surface. Wettability isthe precursor of solder
ability, which describesthe solder’s ability to form an
actua joint onacircuit board. Wettability isquantita-
tively assessed by the contact angleformed at the sol -
der substrate’s flux triple point. The contact angles of
Sn,. . Ag..Cd (x=0, 25, 4.5, 6.5, 8.5 wt.%) and
SnAg,Cd, rapidly solidified alloyson Cu substrate
areshownin TABLE 2. From theseresults, itisclear
that adding Cd content to Sn- Ag dloy dueasignificant
change in contact angle, wettability, of it and
Sn,Ag,Cd,, aloy have adequate contact angle, |ead-
ingtotheir spreading onthe substrate.

Melting point and pasty range
Themdtingpointof Sn, . Ag,.Cd (x=0,25,4.5,
6.5, 8.5wt.%) and Sn_,Ag,Cd,  rapidly solidified al-
loyswas measured and then seenin TABLE (3), be-
causeitisvery important forindustria applications. Also

TABLE 2: Contact anglesof Sn, . Ag, .Cd (x=0,25,4.5,
6.5, 8.5wt.%) and SnAg,Cd, alloyson Cu substrate

Alloy 0°
SngssATss 34+4
SngsAQgss Cdzs 30.5+1
SngAdss Cdy s 30+1
SngoAdss Cde s 34+3
SnggAdss Cds s 36.5+3
SnggAg2 Cdio 25+2.1

thermo-graphs, Figure (2), of Sn,,. Ag,.Cd, (x=0,
2.5,4.5, 6.5, 8.5wt.%) and Sn_Ag,Cd  dloyswhich
havealittlevariationsinthe shapeof Exo-thermal pesks,
(That meansachangeininternal structure caused after
adding Cd content) and that agreeswith theresultsseen
inx-ray diffraction analysis. Themelting temperature of
Sn- Agalloy decreased after adding cadmium content.
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
whichthegraph returnsto the basdline. 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
thetemperatureisincreased during the scan. The pasty
rangeisthe difference between solidusand liquidus
pointswhichisseenin TABLE 3.. Thepasty rangevaue
of Sn- Agdloy varied after adding cadmium content.

TABLE 3: melting point and pasty rangeof Sn,,. Ag,.Cd
(x=0,25,45,6.5,85wt.%) and Sn,Ag,Cd, alloys

Melting Point Pasty Range

Alloy (og) {’C) g
SngssA035 222.17 0
SNesAQss
Cllys 221.91 27.64
SNgAQss
Cdys 221.35 34.88
SngoAdss
Clles 220.35 28.99
SnggAdss
Cllgs 219.75 32.05
SngsAg Cdyg 216.58 29.31
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Figure2: DSC graphsof Sn-Ag-Cd rapidly solidified alloy
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Electrical resistivity

Electricd resigtivity vdueof S Agdloyisincressed
after adding cadmium content asseenin TABLE 4. That
isbecause cadmium atomsisdissolvedinthe Sn-Ag
matrix playing asthe scattering center for conduction
electronswhichincreasestheir resstivity.

TABLE 4. electrical resigtivity of Sn, . Ag, .Cd (x=0,2.5,
4.5,6.5,8.5wt.%) and Sn_Ag,Cd, alloys

Alloy p x10® (Q.m)
SNge5ATs 5 19.9
SnesAgss Cdas 22.90
SngAdss Cdy s 27.05
SngAdss Cde s 30.78
SnggAgss Cdgs 33.2
SnggAg, Cdyo 41.46

Elasticproperties

Elastic modului Sn- Agdloy isdecreased by add-
ing cadmium content asshown in TABLES. Thatis
becausethedissolved Cadmium atomson grain bound-
ary/ or theformed in Sn- Ag matrix affecting on bond
matrix which decreasing elastic modulusof Sn-Agal-
loy.

Theresonancecurvesof Sn, . Ag, Cd, (x=0,2.5,

96.5-X

—== Fyl] Peper

TABLE 5: elagtic modului of Sn,,, Ag,.Cd (x=0,2.5,4.5,
6.5,8.5wt.%) and Sn_Ag,Cd, alloys

Alloy E (Gpa) B (Gpa) n (Gpa)
SnessAJzs 36.33 42.94 13.36
SnesAgss Cda s 30.18 35.42 11.11
Sng,Agss Cdys 29.1 33.91 10.72
SngoAgss Cdss 27.95 32.34 10.30
SnggAgss Cdgs 25.11 28.86 9.26
ShgsAg, Cdio 24.77 28.28 9.15

TABLE6: Internal friction and ther mal diffusivity of Sn . .
Ag,.Cd (x=0,25,45,6.5 85wt.%) and Sn,Ag,Cd  alloys

alloy Q? Dy, x10™ cm?/sec
SN sAGss 0.097+.02 2194032
SngsAgzs Cdos 0.069+.0088 1.80+0.51
Sng,AQss Cdss 0.046+.018 2.82+1.1
SngAgzs Cds s 0.068+.019 2.63+ 0.55
SnggA gz s Cdgs 0.058+.012 1.61+0.31
SnggAg, Cdyo 0.070+.023 3.69+0.19

4.5, 6.5, 8.5wt.%) and Sn,Ag,Cd,  dloysare shown
in Figure 3. Calculated Internal friction and thermal
diffugvity vauesareseenin TABLE 6. Theresultsshow
that, internd friction value of Sn-Ageutecticaloy de-
creased by adding cadmium content but thermal
diffusivity vdueisvaried.

25

——=5n96.5 -Ag3.5
- Sn94-Cd2.5-Ag3.5

—#— $n92-Cd4.5-Ag3.5
Sn90-Cd6.5-Ag3.5

. ~#= Sn88-Cd8.5-Ag3.5
~o— Sn88-Cd10-Ag2

10

Ampitude cm

i 4

12 14

Frequency Hz

Figure3: Amplitudeversusfrequency for Sn-Ag-Cd alloys
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CONCLUSION

1 Adding cadmium content caused changein Sn-Ag
matrix microgtructure.

2 Elagticmodulus, internd friction and melting point
vauesof Sn- Ag eutectic dloy decreased but elec-
trical resistivity valueincreased after adding cad-
mium content toit.

3 Contact angle, pasty rangeand therma diffusivity
valuesof Sn- Ag eutectic aloy varied after adding
cadmium content toit.

4 Sn,Ag,Cd  dloy hasbest soldering propertiesfor
electronic gpplications.
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